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Antidote: science

Dear Reader,
Science is fascinating. Practicing science is a passion, as it helps
us search for the truth about ourselves and the world surrounding us. We devote our minds, hearts and hands to it. The world
is beautiful and the ability to understand it makes us even more
aware of that beauty. This is why research work is also a mission:
we do it to improve our own understanding, but, even more importantly, to help others understand. To make our
lives better by solving mysteries and broadening our horizons, but also to transfer
passion and long-term goals to the
next generations in order to ensure permanent development
of knowledge.
Universities have carried
out the mission of broadening and disseminating
knowledge for centuries.
They are centers where
proven scientific truths are
subject to creative criticism,
leading to new discoveries
and to the application of seemingly small elements of knowledge about the world in surprising
areas of everyday life. Thousands of
young people (of different ages, but always young at heart, with fresh minds) walk
through the campuses, carrying seeds of fascination by the beauty of the surrounding reality back to their friends
and families.
Today, we live at a quick pace. It is easy to drown our curiosity in the incessant flood of information, to lose our fascination
with the beauty of the world in pursuit of the superficial goals
that we are told to achieve. As an antidote we would like to offer

you a set of several dozen topics that are being studied by scientists from the Jagiellonian University. This is by no means a comprehensive spectrum or a representative selection, but just a set
of snapshots of the activities of people who are passionate about
science; those who are lucky enough to pursue their interests
in practice, using their experience to add some elements to the
edifice of scientific knowledge. They are renowned
experts who know everything about their
fields of study and who have summarized the essence of their knowledge in short essays.
The collection presented is
a selection of updated texts
that were presented in two
Polish editions of Projektor Jagielloński, which enjoyed immense popularity
in various circles of readers – scientists themselves,
journalists or so-called “ordinary people.” I would like
to express my deepest hope
that the descriptions of research conducted at the Jagiellonian University, which we are
proud to present to a much wider group
of readers, will not only demonstrate out
23 pt
academic potential but that they will also stimulate
childlike curiosity and the joy of satisfying it in the souls of our readers. Let us ask “how?” and “why?” without fear! Such questions create progress, and they enable us to enjoy still newer solutions that
make our lives easier, better and more interesting.
I invite you to join the difficult, fascinating, and exciting game
of discovering the world! 
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“They measured us. They asked
about illnesses. They examined everything”
→

of Podhale. The pictures show the
clothes, houses and household items,
tools, everyday objects, and household chores.
As a whole, the tests conducted by
IDO constituted a part of Nazi plans
of population selection in the occupied
regions of Poland, aimed at selecting
individuals and larger groups whom
the Germans defined as “valuable,” both in the racial and cultural
aspects. In the future these groups were to be granted “the right
to live.” At first, highlanders from Podhale and Lemkos were
considered inhabitants of villages near Kraków along with the
Polish population and German colonists from the neighborhood

Scientists from the Institute of Ethnology and Cultural
Anthropology of the Jagiellonian University are analyzing
unique, archived documentation related to the Podhale region.
The documents originate from the collection of the Institut für
Deutsche Ostarbeit (IDO – Institute for German Works in the
East), which was established in April 1940 and located in the
Jagiellonian University buildings.

Documents concerning the Podhale region, which had been moved
to Bavaria by the end of World War II, were initially taken over by
the US army. Then they were placed in the National Anthropological Archives in Washington DC, where they were discovered after several decades by the American scientist Gretchen E. Schafft.
A majority of this previously unknown, rich documentary material was developed by the Sektion
Rassen- und Volkstumsforchung
(the Section for Racial and National Traditions Research of the
IDO). In 2008, the collection was
transferred to the Archives of the
Jagiellonian University.
“The right to live”
The archives concerning the Podhale region consist of more than
22,000 pages of written documentation and photographs
from the years 1940-1942.
These are mainly surveys containing anthropological measurements and medical data, with
enclosed photographs of the
examined persons and materials of an ethnographic nature:
detailed descriptions of families
and households, as well as an extremely valuable collection of hundreds of photographs depicting the everyday life of residents

↑
Inventory card from the photography archive of the IDO. German ethnographer taking photos of the inhabitants
of Maruszyna in front of the parsonage in Szaflary
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of Mielec and Nowy Sącz. The Jewish community from the
ghetto in Tarnow was one of the first groups examined. What
is important is the fact that tests took place shortly before the
extermination.
In search for German traits
“The first stage of our research focused on the arrangement
and creation of a detailed inventory of all materials collected by
Nazi anthropologists and ethnologists. The second stage consisted in studies on documents and looking for people who were
subjected to anthropological measurements as children,” explain
Małgorzata Maj, PhD, and Stanisława Trebunia-Staszel, PhD, who
coordinated the studies. Basing on these relations, they filled the
gaps in our knowledge about the action carried out by Nazi
anthropologists and ethnologists. Previously unknown materials and oral testimonies enabled the reconstruction of numerous
facts that had been nearly unknown before.
The materials found in German archives included, among
others, full lists of individuals selected for measurement in each
location, which enabled us to determine the exact chronology
and scale of racial tests. On the other hand, inhabitants of Podhale
remember plenty of details, for example those related to the place
and method of taking measurements. The obligation to appear at
a designated place was particularly emphasized, along with the
necessity to undress completely and the fear that accompanied
the tests, which were associated with selecting children for
germanization. This is how one of the inhabitants describes the
tests: “I remember the tests well. I think they lasted for a whole
month in 1942. There were a few stands. We passed from one
stand to another. There was a team of several doctors, about ten
people. The tests were taken at the parsonage. They measured
us. They asked about illnesses. They examined everything. Eyes,
throat, even hair. We had to leave fingerprints, too. (….) It was

a racial issue. They classified us as racially German. We, here
in Podhale, were supposed to be of German descent.”
Field studies conducted in the villages presented in the photographic documentation allowed us to identify a majority of the
people, places, and situations depicted in the photos, mostly not
previously described by the Germans. This significantly increased
the value of the archives as source material.
Perpetuated memory
“When we addressed the issue of Nazi racial tests, we did not
intend to enter into the competences of physical anthropologists
or to examine the contents of the anthropological and medical
documentation. Neither did we refer to theories developed by
the Nazis, which were based on data connected to the course
of the study, which were presented in reports and publications
of the Sektion Rassen- und Volkstumsforchung,” scientists from
Kraków explain. The objective of the works became first to inventory and prepare a draft elaboration of the documentation, as well
as to reconstruct the facts related to the organization and course
of German tests based on previously undisclosed documents
and testimonies of witnesses. Detailed studies on the IDO archive
continue within other research projects of the Institute of Ethnology
and Cultural Anthropology of the Jagiellonian University.
In the scientists’ opinion, the German collection of materials
documenting the application of Nazi methods towards conquered
nations is not only an important source of knowledge about the
past, but also enlightening proof of the entanglement of science in politics. At the same time, as the former Director of the
Archives of the Jagiellonian University, Professor Krzysztof Stopka,
accurately remarked, “Contrary to Nazi assumptions, the materials
which were supposed to justify the extermination of the examined
ethnic groups may become important source material for the
perpetuation of their history and culture.” 

Research team: Małgorzata Maj, PhD – Project Manager; Stanisława Trebunia-Staszel, PhD; Elżbieta Duszeńko-Król, MA; Artur Sekunda, MA
This article is licensed under a Creative Commons License:
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The Holocaust in the eyes of Polish youth

→

on Holocaust Education, Remembrance,
and Research (ITF), currently the International Holocaust Remembrance Alliance
(IHRA), and the Fondation pour la Mémoire
de la Shoah. The project focused on the
determination of the attitudes of Polish youth towards Jews, the Holocaust,
and remembrance. Another objective
When traveling along Polish roads, we tend not to think about how
was to evaluate good educational practices. These were selected
many of them were built by Jews forced into slave labor by the Gerfrom analyzed examples of the reconstruction of the memory of Polmans and their collaborators during World War II. Polish territories,
ish Jews and their culture, history, and murder in the local communities of Lublin, Warsaw, and the Świętokrzyskie voivodeship.
both those annexed by the Third Reich and by the Soviet Union, as
well as those constituting the General Government, along with
The scope of research encompassed a nation-wide surthe territories of the Baltic States, Romania, Ukraine,
vey (control group of 1000 people aged 17–18), a foand Belarus, became the epicenter of the genocus-group interview with teacher-experts (carried out by CEM Market & Public Opinion
cide of Jews. The number of representatives
Research Institute in Kraków), an evaluaof this nation who died in death camps on
Polish land is 43% of 5.8 million. Others oftion of the author’s own curricula regardten died near their homes, in many cases
ing education in the subjects of Jewat the hands of their own neighbors who
ish history and culture, and regarding
collaborated with the Nazis.
projects connected with Holocaust reHow can we tell the story of the Holomembrance (experimental group of 1110
caust so that survivors can recognize their
students of secondary schools and uniown fate in the narration? How can we tell
versities or colleges). Also included in the
this story to the generations of descendanalyses were participant observations
ants of victims, executioners, and witnesses
of selected educational curricula in Tykoof the Holocaust? In the foreword to the colleccin and Treblinka, Kielce, Lublin, Bodzentyn,
tion of short stories by Charlotte Delbo (Auschwitz
Starachowice, and Warsaw, as well as individual
and after), an outstanding writer, member of the
interviews with teachers and local leaders.
↑
French Resistance movement deported to Auschwitz,
The research proved that knowledge about
Jewish cemetery in Bodzentyn
Laurence Langer gives, among others, the example
the Holocaust among students was scarce. Only
near Kielce. Photo: CHS archives
of a Polish navy-blue policeman. This man was “hunt14% of them were able to give the correct number
ing” for Jews and at the same time he was hiding a Jewish girl at
of Jewish victims in World War II. What is worth noting about the
his home. Langer writes that he is unable to explain such behavior.
results is that the memory of the Holocaust is important for 38%
of Polish youth for personal reasons, while 47% of young Poles
Are we aware of the existence of such paradoxes?
do not have an opinion about whether this memory is important
to them. They lack the knowledge that nearly 90% of approxiScarce knowledge
mately 3.5 million Polish Jews died during World War II, and they
The author’s research project was initiated in 2008 at the Centre
for Holocaust Studies at the Jagiellonian University (CHS). It
do not have the information or capability to include the Jewish
was co-financed by the Task Force for International Cooperation
minority in their own civic group.
When walking through the streets of Polish towns and villages,
we pass by houses which were once built and inhabited by Jews.
Buildings which are now wholesalers, shops, seldom museums
and even more rarely open synagogues used to be places where
the Jews who had lived in Poland for almost thousand years,
used to pray. Are we aware of that?
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Emotions
every tenth student is willing to agree with the statement. On the
It is crucial that the percentage of young people for whom knowledge
other hand, it is quite worrying that Polish youth show a large deabout Nazi crimes is important has not decreased in the last 10 years,
gree of indifference towards antisemitic graffiti, in spite of so many
i.e., since the first measurement in 1998, but has even slightly ininitiatives to cover antisemitic inscriptions on Polish streets.
creased by 5%. “While watching the fourth generation of witnessYoung people express open attitudes towards the memory
of the Holocaust, although they often lack knowledge about baes of World War II during the trip to memorial sites initiated by the
students of the 64th Secondary School in Warsaw with their history
sic facts. Second grade secondary school students are not ready
teacher, Robert Szuchta, we noticed moments of reflection,” comto create a common narration and memory encompassing both
ments Jolanta Ambrosewicz-Jacobs, PhD, head of the research
Poles and Jews with regard to the Holocaust. They still manifest
project concerning awareness of the Holocaust. Emotions
defensive attitudes regarding the attitude of Poles towards
are also noticeable in impressions from the trips to
Jews during World War II.
The focus-group interview conducted among
Tykocin and Treblinka: “Tykocin — a ghost town.
There was nobody, we saw no more than
teachers in Kraków by Szymon Beźnic from
three people. I imagined what the town
CEM Market & Public Opinion Research Inlooked like before the Holocaust, before
stitute resulted in the development of re
World War II. It was devastating,” said one
commendations concerning the curricuof the students.
la for teaching Jewish history. However,
Students of the 64th Secondary School
a lack of conclusions concerning the
in Warsaw told us, “It was definitely an
extent of the realization of the previous
emotional experience which I will cercurricula remains: Were they successful?
tainly remember.” What was important for
How did young people react? What should
students was the approach of the accombe emphasized in particular? As a result, it
panying teacher, who did not leave the young
is impossible to compare different versions
people alone but still gave them time to think
of curricula in their effectiveness. Teachers may
on their own. “The fact that there was no hurry
often be discouraged from doing tasks related
↑
(…) no such thing as: quick, quick, let’s move on,
to the transfer of knowledge about the HoloLublin, workshop at the Grodzka Gate-Theater
NN in Lublin. Photo: CHS archives
there’s no time to stop, let’s have it done and go
caust because they must devote their personal
on. There is a chance to feel. Not only to find out
time and energy, and because there is no rewhat happened to those people but to feel it,” concluded a secondward for doing so. This is why teachers who are involved in teachary school student. These thoughts are consistent with the imporing about Shoah and shaping the open attitudes of young people
tant discourse concerning the strategy of teaching about the Hodeserve so much recognition.
locaust and the importance of the intellectual approach, i.e., the
As a continuation of the research project, information is being
transfer of knowledge, and the emotional approach, i.e., empagathered about local grassroots initiatives that are related to the
thy, in talking about the difficult past.
heritage of Polish Jews. “We would like to create an audio-visual
workshop for students and scientists and to develop our library here
Creating memory
at the Center for Holocaust Studies of the Jagiellonian University.
Most of the students participating in research disagree with the
Within our studies, we would also like to deal with the most difficult,
statement that the Holocaust is not important today because it took
even controversial issues, e.g., connected with the lives of the resplace more than 60 years ago, although one third of the participants
cuers, who often feared the reaction of their neighbors to the fact
do not have a specific opinion (neither “agree” nor “disagree”), while
that they were saving Jews,” Ambrosewicz-Jacobs concludes. 

Research team: Jolanta Ambrosewicz-Jacobs, PhD — Project Director; Szymon Beźnic; Maja Brand ; Adam Dąbrowski; Dagmara Mrozowska;
Elisabeth Büttner; Katarzyna Kopff-Muszyńska; Joanna Stöcker-Sobelman; Katarzyna Suszkiewicz; Agnieszka Zajączkowska-Drożdż
Cooperation: Sociology Students Scientific Group, Social Research Section.
Consultants: Professor Antoni Sułek; Professor Ireneusz Krzemiński; Marek Kucia, PhD
This article is licensed under a Creative Commons License:
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Remember to remember

by Professor Agnieszka Niedzwieńska,
has been carrying out a project under
an international grant financed by the
National Centre for Science since 2011.
Scientists are analyzing, among other things, ways to support
prospective memory that are based on the regularity and relative
repetitiveness of the lifestyles of the elderly. If an elderly person
knows what he or she will be doing at certain times of the day, this
person may try to associate an intention with a planned activity,
making it easier to remember the intention at the right moment.
If, for example, an elderly person has to remember to phone the
bank between 1:00 and 3:00 P.M., and they know that they watch
their favorite early afternoon TV show every day, then associating
the plan to phone the bank with the TV show may increase the
chances that the person will automatically think about the task
while watching television.
Other analyzed methods refer to the fact
that elderly people, in comparison
to young people, seem to care more
about plans connected with other people, i.e., about requests,
promises, or obligations. Thus,
linking errands with a social
context may facilitate performing the tasks. So far,
research has proven that
if a simple laboratory task,
such as pressing a button
every ten minutes, is presented as a personal request from the scientist, elderly people will remember
it better than if it is just a task
to do during the experiment. Scientists from the Jagiellonian University have proven that feedback about
whether or not the person remembered his
or her previous intentions has a similar effect. Among the
elderly, providing such feedback in an impersonal form, such as
on a computer screen, does not improve their ability to remember

Psychologists from the Jagiellonian University are investigating
ways to support memory function in elderly people.

We have to remember a lot of things every day: we need to call
someone, arrange an appointment, answer e-mails, pick up things
that we will need at work, do shopping on our way to work, etc.
Electronic calendars remind us about these tasks, but we have
so many things to do (and always so many new errands to enter
into our agendas), that we cannot do everything at once, so we
postpone certain tasks.
Prospective memory is responsible for remembering what
should be done in the future. It helps us store plans in our minds
and then recall them at the right time, i.e., when they should be
done. Thus, not only do we have to remember that we should arrange an appointment at the doctor’s on the phone, but this thought
should also appear at the moment when it is possible
to do so, e.g., early in the morning.
Intense research on prospective memory has been conducted worldwide for
only two decades. This research clearly shows that remembering our intentions is a great challenge for
the mind. It tends to be particularly difficult for the elderly, due
to the fact that general cognitive abilities weaken with age.
This problem also has practical
consequences — without a fully functioning memory, it is easy
to forget to take medicine, pay
the bills, or turn off the iron. Elderly people who encounter these kinds
of problems are unable to live safely
and independently.
Support the memory
A team of scientists from the Applied Memory Research Laboratory at the Institute of Psychology answers how prospective
memory in elderly people can be supported. The team, headed
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plans. However, if feedback is communicated “live” by someone
lian Catholic University in Melbourne – which is international reduring a conversation, it will be better noted in their minds.
search partner of the scientists from the Jagiellonian University
The also analyzing the effectiveness of external memory aids,
in Kraków. “This method has been successfully used in numerous
such as entering tasks that need to be done on a calendar, or writlaboratories in Europe and throughout the world. Its advantage
ing them down on post-it notes stuck to the refrigerator door. The
consists in the similarity of laboratory tasks to those performed
usefulness of such notes
in everyday life. Virwas analyzed in a group ↓
tual Week is a kind
of elderly people who had The Applied Memory Research Laboratory also carries out other projects of board game similar
more serious memory devoted to human memory. Everyone interested may apply to participate as
to Monopoly but transdeficits than the average a subject. Examples of these projects are as follows: Krystian Barzykowski is
ferred to the computperson in their age group. conducting research on involuntary autobiographical memories, Kaja Szarras is er screen. It simulates
The results of the experi- testing the effectiveness of methods of improving prospective memory in young completing subsements suggest that notes people, and Elżbieta Ślusarczyk analyzes how preschoolers cope with tasks quent days of the
are useful, but only if they to be completed in the future. See also: www.memorylab.phils.uj.edu.pl
week,” explains Profesare positioned in a way
sor Niedźwieńska. The
that ensures they are checked regularly. Entries on a calendar
participant has to remember to perform a whole series of proor a note placed among many others on the refrigerator door will not
spective tasks each virtual day (take medicine during meals, send
help an elderly person with memory deficits because such a pera message to a friend, call the bank at noon, etc.). Of course, participants do not perform these tasks in reality, but, at the moment
son will not be used to reading them regularly. However, a single,
“eye-catching” note displayed in a very visible spot, which will atwhen the tasks should be completed, the participant must search
tract the person’s attention many times during the day and which
for the task’s equivalent on the board and then click on it. In an
analogy to situations in everyday life, parts of the tasks are always
the person will read, willingly or not, may be very helpful.
repeated in the same form (e.g., taking an antibiotic every day
Virtual Week
during breakfast), and some elements change every day. Some
In the course of research, prospective memory is tested with the
tasks have to be done at a certain time according to a virtual clock
use of a computer board game called Virtual Week. This method
in the game, while others have to be done when an event is rehas been developed by Professor Peter Rendell from the Austra- vealed on the board (e.g., a friend phones). 

Research team: Professor Agnieszka Niedźwieńska — Jagiellonian University; Professor Peter Rendell — Australian Catholic University; Beata Janik, PhD;
Krystian Barzykowski, PhD; Alicja Leszczyńska, MA — all from Jagiellonian University.
This article is licensed under a Creative Commons License:
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To know means to feel safe

→

and verifying hypotheses related to a given
phenomenon. For example, when we hear
that there was an explosion during the Boston marathon, as a cause of which many
people died and even more were injured,
we immediately create a possible explanation of what happened. We do so because
we want to understand our surrounding
reality. This is one of our elementary needs
Every day we are bombarded with news about celebrities, politics,
as human beings. A lack of knowledge causes us to feel helpless,
climate change, economic recession, but also about “recipes” for
while knowledge, even if it is subjective and unverified offers us
a successful love life, cultivating plants or even about the useful
a sense of control over our lives,” explains Professor Małgorzata
properties of a new food processor. At the same time we have
Kossowska, who coordinates the research on cognition as a way
a sense of control over what we choose to believe and what we do
of establishing a sense of security. Some people are instantly certain
not; what we consider valuable and what we reject as unimportthat there was a terrorist attack. They do not need evidence, they
just know. Others create various scenarios: it might have
ant. In other words, it seems that we shape our knowledge
been a terrorist attack or an accident, or it might
about the world on our own and that we are able
to use it in a conscious, rational manner, by
have been another crazy person directing
choosing from various opinions. At the
the attention of society toward his or her
same time it is surprising how deeply
own personal tragedy, or something
we tend to defend judgments based
completely different might have hapon scarce, unreliable information,
pened. Those who belong to the
how upset we can become by the
first group formulate their opinion
beliefs held by others and how
quickly and are convinced it is
readily we deny others the right
right. They will only look for into express their own opinions.
formation that confirms it, without paying attention to any other
The need for
data. Conflicting information will
only strengthen their belief that
unambiguous explanation
Obtaining knowledge about the
their opinion is true, as it is comsocial world significantly influencmonly known that the media lie,
es our everyday activity. “The manand the government, the CIA, Jews,
ner in which we gather knowledge
Al-Qaida (choose any) have control over
information and participate in a conspiracy
influences the way in which we will
against citizens. Such thinking results from
later come to use it. This is to say, the
the necessary, unconscious defence of imformulation of judgments, convictions
and decisions comes to inform our per- ↑
mediately formulated beliefs.
ception of the correctness and accuracy
Members of the other group will search
“There was an explosion during the Boston marathon. (…) We
immediately create possible explanations of what happened. We do
of such statements. Obtaining knowlfor
information that allows them to deterso because we want to understand the surrounding reality.” Boston,
edge is a process that consists of testing
mine what really happened. Even if they
April 2013. Photo: © Marcio Silva | Dreamstime.com
The aim of the research conducted at the Institute of Psychology
of the Jagiellonian University is to reveal the mechanisms
behind the creation of social knowledge, which originate from
opinions, convictions and beliefs. The scientists aim to assess
the extent to which beliefs and our attachment to them are
dependent on the satisfaction of fundamental human needs:
the need for understanding, certainty and safety.
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formulate their own opinion, they will be willing to change it in order to adapt it to current knowledge. This process through which
knowledge emerges, is analysed by psychologists from the
Jagiellonian University in the laboratory.

radical views, which reduce negative emotions, may provide us
with a greater sense of security.

Useful science
The proposed research program is a breakthrough in the existing
Can liberals be radical?
approach to explaining social phenomena. It should be noted that
Information should serve us. The firmer our position, the more we
the team of scientists combines knowledge from various disciplines
convince ourselves that what we already know is true, the more
(social psychology, cognitive psychology, psychophysiology, and neuthat position is shared by the majority of society, the more we feel
roscience) which allows for a full description of the mechanisms reour anxieties and insecurities assuaged. This is why we all gravitate
sponsible for obtaining and using knowledge and thus the various
toward clear, explicit beliefs. Their simplicity releases us from
social phenomena originating from obtaining knowledge.
having to search for answers to the question: “What is the world
“We also believe that the results of our work will not only imlike?” on our own. To many people, independent thinking poses
prove the identification of social phenomena, but that they will
a threat, appearing as an insurmountable obstacle.
also contribute to the understanding of the relationship between
“We analyze this process by evoking information-related insecumotivation, disclosing emotion and cognition in general, which
rity in the subjects of research. For example, we ask the participants
may be important for psychologists specializing in other areas,”
to read a text about economic recession, which discusses the fact
the research coordinator explains.
that recession is constantly deepening to affect a growing proporFirst of all, however, the results of these studies may be applied
tion of society. After reading the text, the participants show higher
in practice in at least two essential areas. Firstly, scientists propose
emotional discomfort in comparison to those
the application of a useful model which will
who did not read it. They also manifest more
enable us to understand contemporary social
↓
problems (radicalization of ideological views,
radical political or religious views,” Professor
See also: www.cscs.edu.pl
prejudices and social conflicts) better than
Kossowska explains.
Other ways to evoke insecurity in the
existing models. This will help us clarify, for
laboratory include: time pressure, a cognitive
example, how the insecurity which occurs
task involving a conflict (which forces the participants to reactions
in a situation of economic and/or political recession or crisis can
other than spontaneous or obvious ones) or information about low
lead to a group mentality, willingness to act aggressively towards
performance of test participants. These processes are very subtle,
strangers, the development of fundamentalist, closed ideologies
yet quite easy to initiate, even in the laboratory.
and the support for authoritarian leaders. We know such situations
Thus, experimental research proves that in a situation of inperfectly well from the observation of protests and the creation
creased insecurity, any views may provide comfort. The easiest
of new civil movements in Greece, Spain (the Outraged moveway to explain this phenomenon is to see it in the context of poment) or the USA.
litical and ideological views. Conservative views are well systemSecondly, the method developed by our team will enable us
atized; they refer to quite simple ways of perceiving the world
to explain the tendency to radicalize attitudes in the most
and are easily strengthened by this content. But liberal views can
socially excluded groups (e.g., the unemployed or the poor),
also perform a similar function, as long as they are sufficiently clear.
their willingness to support extreme movements and the causes
With the use of precise measurement techniques, scientists also
of difficulties in joining the mainstream of social life. The model
show that in a situation of insecurity, our beliefs and convictions
also provides clear conclusions related to corrective measures,
(regardless of their content) tend to radicalize. It turns out that
trainings and education. 

Research team: Professor Małgorzata Kossowska, Marcin Bukowski, PhD; Maciej Sekerdej, PhD; Katarzyna Jaśko, PhD; Aneta Czernatowicz-Kukuczka,
PhD; Sindhuja Sankaran, PhD; Eligiusz Wronka, PhD; Mirosław Wyczesany, PhD; Gabriela Czarnek, MA; Piotr Dragon, MA; Ewa Szumowska, MA; Paweł
Strojny, MA, Agnieszka Strojny, MA; Joanna Grzymała–Moszczyńska, MA
The works are conducted with the participation of scientists from the University of Warsaw and the Interdisciplinary Centre for Applied Cognitive
Studies. The project is carried out internationally, in co-operation with scientists from the Universities in: Ghent, Grenada, London, Tel Aviv and Maryland.
This article is licensed under a Creative Commons License:
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Suicide in the age of the Internet

point was the fact that – referring to the
activity of various groups of professionals
– a firefighter who encounters a suicidal
person who wants to jump off a bridge
has a different knowledge about suicide
than a psychiatrist working at a specialist
hospital, and their knowledge in turn does
not cover the information of forensic physicians related to ways
to commit suicide. As it turned out during the meetings organized
for scientists and practitioners, it was correct to adopt such a point
of view. Many people in very different professions encounter suicidal persons in their careers, but each of them represents a different perspective. Their roles are different as they contact the
suicide at various stages of the event or they encounter the suicidal person in a different situation. These people do not
have the opportunity to share their experiences.
Thus, the aim of the activities undertaken
by the team of scientists was to create a platform for the exchange
of information. Such an approach
will help create good programs
for suicide prevention. Scientists working on these issues
want to focus particularly on
the very sensitive subject
which suicides and acts of
self-aggression committed
by children doubtlessly are.
Nowadays, media often focus on dramatic events
in human lives, as well as those
connected with death. They inform us about the suicides of popular
celebrities and comment on particularly
tragic events related to so-called homicidesuicides, when the perpetrators first take the
lives of other people and then their own. Such media
coverage has consequences. Sometimes suicides find imitators
or people use methods about which they learned from the press,
television or the Internet.

Suicide is always a traumatic experience, both for the
victims and for their closest relatives and friends but also
for employees of uniformed services who participate in the
event. There is always the question “Why?” that often
remains unanswered…

Issues related to suicide and self-aggression are thus important fields
of scientific research. At the Jagiellonian University, such research is
conducted by scientists supervised by Professor Janina Czapska.
Sharing knowledge
Suicide is becoming an increasing, very serious social problem. According to prognoses, even more people will attempt to end their
lives, including a significant percentage of young and very
young people. It should also be noted that cyberspace has become a place where many websites dedicated to suicides (containing
“advice” on how to kill oneself) appear,
but it is also a place where people
can be harmed by presenting
private or humiliating information about themselves. There
were cases when teenagers
attempted to commit suicide
because of such reasons.
This is why it is necessary
to thoroughly understand
the phenomenon of suicide
along with its contemporary
references (e.g., those related
to cyberspace) and then to create
a good prevention program.
In 2011, at the Chair of Forensic Science and Public Safety of the Jagiellonian University, under the supervision of Janina
Czapska, PhD, professor at the Jagiellonian University, an
informal team dealing with issues related to suicide was founded.
The objective of the scientists was first of all the interdisciplinary
analysis of the issues of suicide and self-aggression. The main
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Gender of suicide
Sharing experiences among professionals, the influence of culture
and information technologies and numerous other aspects related
to the phenomenon of auto-aggression constituted the basis for the
interdisciplinary scientific seminar prepared by scientists from Krakow
entitled “Suicide. Forensic, sociological, psychological and psychiatric aspects,” (November 2012) which was attended by approximately
100 people who have contact with the issue of suicide.
“A psychiatrist who presented the problem of mental illnesses
and disorders, i.e., factors which may lead to suicidal tendencies,
was invited to participate actively in the seminar. A priest also
presented his point of view on suicidology in theology, and a genetician delivered a speech on inheriting suicidal tendencies,” Joanna
Stojer-Polańska, PhD, member of the Kraków science team, recounts. During the seminar, others who presented their experiences included police negotiators, an expert in the field of forensic
medicine, and a caregiver from prison service.
The sex of suicides was also discussed, as it turns out that men
effectively commit suicide three to four times more often than
women. They may be worse at coping with contemporary problems,
or it might be the chosen method of death which influences the
statistics – if a person decides to kill themselves by hanging or gunshot, the chances of survival are very low. Women definitely make
suicide attempts more often than men, but these incidents usually
do not result in death. Are women psychically stronger or do the
methods they choose, such as taking drugs, give a higher chance
of survival? Another important issue here is the lack of credible
data on suicide attempts which did not lead to death.
Another opportunity for interdisciplinary exchange of information occurred during the conference “Suicide – old problems, new
solutions” (June 2013). During the conference, workshops dedicated
mainly to the issue of suicides among children and teenagers were
conducted. A psychiatrist, psychologists and an employee of the
“Blue Line” (Polish helpline for victims of domestic violence) talked
about real events and the participants discussed the possibilities
to help minors.
Still more questions
Although the research team is composed mainly of lawyers, it
also involves people who deal with the issue of suicides both as
one of their core tasks performed at work (e.g., psychiatrists) and,
in a way, “incidentally” (e.g., firefighters). The plans that the team
intends to realize include the application for a grant that will enable

them to carry out wide-scale interdisciplinary research on the issue
of suicides and the prevention of such behavior. “Our aim is also
to organize expert conferences for the purpose of sharing experiences and workshops for people who may encounter suicide in the
course of their work,” Stojer-Polańska, states.
We have a problem with defining the phenomenon of suicide
in theory and in practice. How should we describe a situation when
the auto-aggressive behavior was intentional, but without the
intention of taking one’s life and the death occurred accidentally?
When someone dies it becomes impossible to examine his or her
motivation. How should we assess the behavior of people under
the influence of alcohol, of those who behave in a very risky manner, for example walking on roofs or climbing high rocks? Are risky
hobbies, such as Himalayan climbing, not a form of welcoming
one’s own death?
Even lawyers themselves have a problem with ordering various threads connected with the circumstances of committing
suicide in the legal aspect. Can people voluntarily dispose of their
own lives? Can a person independently decide about when they
want to die? Or is it the case that the life of every human being
also a social value and one must not decide independently about
the moment of one’s death? Euthanasia, assisted suicide or accompanied suicide are the most well known problems. Should
other people, often very close to the suicide, be punished for assisting in suicide? How should we evaluate the behavior of those
who helped shorten the suffering? And how should we perceive
the behavior of those who, as observers, did not do anything
to stop a suicide attempt because they believed that such decision resulted from independent free will – the foundation of the
existence of every human being? Does a suicidal person who
climbs a bridge and threatens to jump have the right to involve
numerous uniformed services and to threaten the health and life
of those whose task is to help others? In the context of the above
questions, the case of a suicide who jumped out of a seventh floor
onto a woman passing by, seriously injuring her, leads to reflection
on numerous points of view on suicide.
Other unknown factors may also be pointed out, for example
the question about the “dark number” of suicides. This refers
to such events considered to be unfortunate accidents (such as
frontal collision of a driver with a tree), or it is easier to call them
accidents or results of mental illness (such as elderly people falling
from heights or going missing). The pool of questions continues
to increase and most of them still remain unanswered. 

Research team: Janina Czapska, PhD; Anna Biederman-Zaręba, PhD; Joanna Kabzińska, PhD; Joanna Stojer-Polańska, PhD; Katarzyna
Jurzak-Mączka; Daria Wójcik; Karolina Dukała
This article is licensed under a Creative Commons License:
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How to manage a city?
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are striving to solve these problems comprehensively and to simplify the complex
administrative structure of the city. However, because of its ambition to become
the cosmopolitan capital of Europe, the city
often evades such attempts. Thus, what
form of urban governance might seem to meet the expectations
of residents in these conditions?

Brussels is a capital city which is present in the media nearly
every day. Is there anything else, apart from “great politics,”
attracting our attention to the development of a city whose
size is comparable to that of Katowice or Częstochowa?

Katarzyna Romańczyk, from the Institute of European Studies at
the Jagiellonian University, is analyzing how municipal authorities
are managing the city of Brussels, a relatively small urban center
Tool: neighborhood contracts
where the needs of inhabitants have been pushed into the background for years by the interests of international institutions. The
One of the main challenges Brussels faces is the implementation
main aim of these studies is to analyze good practices and to deof sustainable development, understood, in simplified terms, as
termine the most effective tools of municipal policy. What should
progress in which the needs of citizens are satisfied with their parthe authorities in other cities avoid? What could they learn from
ticipation in urban governance, without constituting a threat for
Brussels, which, as it might seem, has better condithe development of future generations. So-called
neighborhood contracts are an example
tions for development?
Brussels can make a deceiving first
of a good practice in this area. Neighborimpression. Perceiving the capihood contracts attract the attention
tal of Belgium mainly as the buof the local community and crereaucratic seat of the Europeate a kind of forum for its acan Union, without taking into
tivity. How are they realized?
account its other functions
The Brussels-Capital Reand metropolitan problems,
gion is administratively diis a large simplification. Sovided into 19 communes,
cial and spatial fragmentawhich in turn are divided
tion, a high level of uneminto 118 districts. The avployment (22% in 2013),
erage area of one district
suburbanization, and difis approximately 1 km2.
ficulties with the adaptaNeighborhood contracts
tion of immigrants make
are programs containing
Brussels a city full of paraan action plan concerndoxes. Additionally, due to the
ing selected areas of the city.
political divisions between the
Projects accepted under these
Flemish and the Walloons, somecontracts are defined and realized
times many municipal institutions
with the participation of inhabitants.
in Brussels either work together or parThey refer to the closest environment
allel to each other, and sometimes even
of residents, including the improvement
against one another. Bringing the con- ↑
of road infrastructure, quality of public
Map of the Brussels-Capital Region divided into 19 communes. Communes
flicting parties together requires makspaces, housing conditions, the develcovered by neighborhood contracts are marked in orange; communes
ing difficult compromises. Authorities
opment of social and cultural activities,
without such contracts are in grey. Source: K. Romańczyk, own work
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and, finally, environmental protection. Bringing the civil dialogue
from the commune level to the lowest district level evokes an increased response among inhabitants. The importance of civil participation is growing as the inhabitants are starting to use more efficient tools to determine their needs and to communicate them
to local government authorities. This does not mean that the local community is free from conflicts and tensions or that it always
speaks with one voice. Nonetheless, even if they fail to reach an
agreement, residents who show sufficient motivation and involvement do not feel excluded from decision-making circles.
In the years 1994–2013, 72 neighborhood contracts were realized in Brussels. Each of them consisted of projects, within which,
among other things, new kindergartens and nurseries for children
were created (25% of all initiatives), over 1500 communal apartments were built or renovated (24%), sporting equipment was
constructed sport objects were constructed (8%),
and the space of municipal parks and gardens was revitalized (7%). In the district
of Canal-Midi (commune Anderlecht),
where there are numerous social
problems and a large number
of immigrants, so-called soft
projects were realized (e.g.,
trainings improving the professional qualifications of the
unemployed, language courses for foreigners, extracurricular activities for children,
or workshops on cultural animation) apart from infrastructural investments. These actions
initiated changes and encouraged
improved integration and entrepreneurship.
Let’s go for a…diagnostic walk
“Diagnostic walks” are one of many forms
of communication among inhabitants. People
interested in new projects walk through their

district together, evaluate its strong and weak points, and then
discuss and determine common needs. Such a form of direct
contact facilitates the recognition of local problems and improves
efficiency in solving them. Finally, the abandonment of the centralized model limits the influences of the monopoly of coalitions
of politicians and developers. It seems that the socialization of the
decision-making process on the district level has become an
important element of the sustainable development of the city.
Although negative phenomena cannot be completely eliminated,
this approach gradually reduces them.
Although participation projects that have been realized
in Western Europe are based on a stronger and more affluent
civil society, it should be emphasized that similar practices have
already been introduced, with varied effects, in Poland, such as
in Sopot, Zielona Góra, and Poznań, among others. Each town
is different, so imitating proven models does not
always bring expected results. However, it is
worth watching the experiences of other
centers and mechanisms functioning there in order to develop an
optimal management model
adapted to local conditions.
In this light, the research
conducted by Katarzyna Romańczyk concerns the urgent question of governing
metropolitan cities, which
are the source of the most
important social and economic problems in the era
of globalization. Showing the
influence of participation projects on the development of the
Brussels-Capital Region is not only
an attempt to explain the meanders
of municipal politics in one of the major
European capitals, but also a contribution
↑
to a wider debate on the future developZone of the Willebroek channel in Brussels covered by
ment of cities. 
neighborhood contract. Photo: K. Romańczyk

Research conducted by: Katarzyna Romańczyk, PhD — Project Manager
This article is licensed under a Creative Commons License:
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Scare away the demons of fear
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of the Romani world. As a consequence, it leads to the application
of the empowerment strategy, which
is the method of activating the cultural
Problems affecting most of the Romani in Poland and in Europe,
potential of Romani communities instead of imposing ready-made
such as unemployment, poverty, and social exclusion, are conexternal solutions on them (which is usually done without Romani
nected with a very low level of education. This in turn results from
participation in the decision-making process).
the Romani’s lack of trust in non-Romani forms of upbringing, as
Research participants filled out a special questionnaire based
they follow their own code of conduct called the Romanipen. Since
on several different methods including the Developmental Model
people tend to evaluate others from the point of view
of Intercultural Sensitivity (DMIS), developed by Milton
of their own value systems, this approach is met
Bennett. One of the participants eventually
with disapproval from most Europeans.
became the author of the project “Amen
In the 2009-2010 academic year,
Rominiałe Koda Kieraha,” whose objecJacek Bylica, PhD, from the Institute
tive was to stimulate the professional
of Pedagogy at the Jagiellonian
potential of Romani women from the
University, and Barbara Surzyn, MA,
settlement in Maszkowice.
“The pilot studies on the intercula psychologist at the Municipal Social Welfare Centre in Andrychów,
tural competences of employees
in cooperation with the Regional
of the Romani environment are pioDevelopment Agency in Nowy Sącz,
neering both in Poland and throughconducted a research and trainout the world. It seems very important,
ing project which not only enabled
considering the increasing social probthe analysis and development of the
lems of the Romani in Europe and in the
knowledge and skills of the people recontext of the realization of the Governsponsible for good relations with the Romani
ment Program for Romani community
community in the Nowy Sącz region, but
in Poland so far,” Bylica concludes.
also allowed for the preparation of research
The analysis of the intercultural
↑
tools to measure these competences.
competences of employees in public
Józef Orłowski, President of Malopolska and the Silesian Roma
institutions in the Nowy Sacz poviat was
Association, Poland. Photo by Andrzej Grzymała - Kazłowski
In search of a solution
the beginning of further research in this
area. Conclusions from the research that has been conducted so
In their work with a group composed of 30 people representing
far were presented in the publication Jeden swiat – wiele kultur
various institutions of the Romani environment in the Nowy Sącz
(One World, Many Cultures; Kujawy and Pomorze University
(social workers, teachers, municipal guards, and court guardians),
Jacek Bylica, PhD, and Barbara Surzyn, MA, used an approach
in Bydgoszcz, 2011), and in an abbreviated English version on the
combining theory and practice called participatory action research.
website romahealthnet.org.
This enabled the subjects to become participants and partners,
and the study itself became practice as it led to solving problems
Macedonian casus
The next stage of research was the pilot measurement of intersimilar to those faced by the participants in their work.
cultural competences of representatives of several NGOs in SkoOne of the applied research methods was the ethnographic
empathy approach, which allows for a better understanding
pje, Macedonia, conducted in October 2012. The measurement
Employees of public institutions and NGOs whose task is to contact
the Romani minority should have appropriate qualifications.
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was carried out with the use of interviews and the Questionnaire
The title of this article was inspired by the book Deof Romani Intercultural Competences, along with an evaluation
of the nature of social policy that has been implemented towards
mony cudzego strachu (Demons of Other People’s Fear;
Macedonian Roma. The Republic of Macedonia is one of the sig1984), written by the outstanding Romologist, Jerzy
natories of the Decade of Roma Inclusion in Europe. The nonFicowski, who translated the poems of the Romani
governmental sector actively participates in the implementation
poet named Papusza.
of specific tasks of the Decade.
Among several successful initiatives, some problematic facing. Assimilation is a tendency to adapt the Romani to the rules
tors were also found. Problems in the area of health included the
and expectations of the majority society, while integration is based
following: different perceptions of health in Romani communion respecting the cultural differences of the Romani.
ties, a lack of knowledge and awareness of rights among the RoIn 2014, the scientists will apply to the Polish National Cenmani, a lack of funds for the purchase of drugs, a barrier between
tre for Science for the funding of a subsequent Polish-Macedohealthcare professionals and the Romani, hidden disnian research project called “Social reality of Polish
and Macedonian Roma.” The objective of the
crimination, and cultural boundaries.
It is worth noting that the actions takproject will be to obtain the image of soen resulted in the improvement of the
cial reality as seen from the Romani
“Self-employment” program, addressed
point of view, and thus to solve the
mainly to educated Romani with enassimilation-integration dilemmas
trepreneurial skills. This demanding
and prepare detailed prerequisites
and risky program is based on the
for effective intercultural policy.
The results of the research
assumption that “each Romani apconducted in Macedonia so far
plies to the program with his/her
were presented in April 2014 durown idea and that all humans, regardless of their origins, deserve
ing the Fifth European Conference
the same work.”
on Migrant and Ethnic Minority
Progress in all levels of educaHealth in Granada. They will also
tion, including the university level, is
be discussed in the publication Inny
noticeable. One of the young Romani
w przestrzeni społecznej (The Other in
leaders, however, comments that “we do
social space; University of Adam Mickiewicz
not have any choice.” Families that want to rein Poznań, 2014).
ceive money from social aid have to send their
children to school. Another factor contribut- ↑
On the university trail
Fatima Osmanovska, one of the founders of the
ing to the progress in education is the possiThe issue of the development of interculturRoma Resource Center in Shuto Orizari (Skopje), the
Republic of Macedonia. Photo by Jacek Bylica
bility for Romani children to participate in preal competences with regard to working with
school classes free of charge.
the Romani community was reflected in the
In conclusion, the research did not result in an unequivocal annew plans of studies of the Institute of Pedagogy, particularly in the
swer to the question of whether the actions that were realized for
major of rehabilitation pedagogy. Since the academic year 2012the Romani in the Republic of Macedonia take into account Ro2013, a facultative seminar “Intercultural competences in workmani cultural tradition. Although the survey using the questioning with the Romani community” has been conducted. Students
naire reveals quite a high level of Romani intercultural competencof the Erasmus program may participate in the English language
es among (non-Romani) representatives of NGOs, additional data
version of this course. The results of the course evaluation will be
obtained during interviews and participant observation proves that
presented in the publication Różnice – edukacja – inkluzja (Differthe threads of Romani assimilation and integration are intertwinences – education – inclusion; University of Gdańsk, 2014). 
Research team: Jacek Bylica, PhD, Institute of Pedagogy at the Jagiellonian University in Kraków; Barbara Surzyn, MA, psychologist at the Social Welfare
Centre in Andrychów; Zoran Bikovski and Zekir Abdulov, NGO KHAM Delcevo, Macedonia
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Is Americanization worth
scientific analysis?
role of transnational politics and the integration of the global economy. As a result, this is supposed to lead to a global
mingling of cultures, which will make the
world look the same everywhere. Diversity and differences are uneconomical,
and proven, rationalized products and solutions will make the world an unbearably
predictable place. Yet identifying Americanization with globalization is a mistake,
although — as globalization opponents
claim — globalization has a mainly American face. In fact, globalization involves many other processes, including Japanization and Italianization. It also involves specific types of processes
originating from the USA such as Macdonaldization
or Disneyization, which have not been purely
American for quite a long time.
At the same time, contemporary globalization theories assume
that the world is extremely diverse and that individuals are
creative entities who are resourceful and have the ability to interpret cultural texts
creatively. Thus, the fear of
homogenizing, as well as
the regressive effects of
Americanization as one of
the elements of the globalization process, is definitely
exaggerated.
Recipients do not consume
American culture in a thoughtless, passive manner. On the contrary, they create new forms and qualities from the elements of this culture
that are available to them. This specific bricolage contributes rather to the creation of the recipients’ own versions of American culture than to their homogenization and uniformization. In this light, American culture is only

Americanization is a notion known to nearly everybody.
It is usually met with reluctance because it does not carry any
positive connotations. The term is a buzzword for journalists
who criticize the phenomenon even though they do not fully
understand it. It is also quite ambiguous and causes many
controversies concerning both the definition and scope of the
phenomena covered by it. Thus, is it worthwhile to analyze
Americanization from a scientific point of view? Will it help
us learn anything new?

Americanization, understood as a process encompassing many
areas of life and consisting of the increasing occurrence of
American influences in these fields, is a clash of two cultures:
American culture and the one with which it interacts. “Thus, when analyzing the Americanization processes, we actually do not learn
much about the American culture as
such, but rather get new perspectives on our own. We can discover
a lot about ourselves: whether
we are creative and open to
play with cultural meanings
or whether we consume
American patterns in a passive, uncritical way,” Jolanta Szymkowska-Bartyzel,
PhD, from the Jagiellonian
University, says about studies on Americanization.
Passive or (and) active?
Americanization is most commonly understood as an unreflective adaptation of American products
(including cultural products), patterns,
or solutions. People are seen as a passive,
intellectually void mass that can be manipulated
freely. In these terms, Americanization is often confused with
globalization, which is a process resulting from the increasing
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a source of inspiration for further processing, an impulse for the
creation of a unique, individual understanding, and the use of its
objects or texts.
How are we being Americanized?
At the beginning of the 1990s, when Poles did not yet fully understand the rules of the new reality and had only started learning
about capitalism and the free market, they were easily seduced by
American patterns. “Do you remember the enormous popularity
of the American TV series ‘Dynasty,’ which so clearly shaped Polish
tastes, lifestyle, and consumption patterns? ‘Alexis-’ or ‘Krystle-style’
clothes and haircuts, houses of the nouveaux riches imitating the
mansion of Blake Carrington, white limousines cruising the bumpy
streets of Warsaw—and it was only one TV show that influenced
Polish society to such extent,” Szymkowska-Bartyzel explains.
However, one should remember that both the internet
and cable television were unavailable in those days, and that Polish
people’s knowledge about the world was based mostly on a quite
limited set of mass media texts, which had an undeniably greater
social impact then.
What is it like today? After Poland’s accession to the European
Union in 2004, criticism towards America and American culture
increased significantly. President George W. Bush and his political
decisions did not evoke warm feelings. It was then when antiAmericanism, the phenomenon which is currently referred to by
scientists as the twin brother of Americanization, grew stronger.
Even the Poles, who were traditionally quite pro-American, started
to perceive everything American with a high dose of skepticism
and to search for role models in culturally diverse Europe. The
development of the internet, social media, satellite TV, etc., resulted
in the availability of such a wide variety of texts originating from
different cultures that the uniformizing impact of American culture
was not dangerous any more. Paraphrasing the words of the famous German film director Wim Wenders, today it is much harder
for the Yankees to colonize our subconsciousness.
Is it possible that we are Americanizing ourselves?
The area of research for cultural scientists dealing with the
Americanization process is the whole culture, from which they
can analyze the presence of texts from American culture in the
media, e.g., television, the press, and Polish cinema, or examine

Research is conducted by: Jolanta Szymkowska-Bartyzel, PhD.
This article is licensed under a Creative Commons License:
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their influences on our culture, e.g., business or cuisine. Research
may be limited to the determination of the existence of such
influences through a simple content analysis, although one can
also look for specific values promoted by American culture, such
as youth, rebellion, modernity, etc. However, the most fascinating
aspect is not what American culture does to us, but what we do
to American culture. Discussions with young viewers who are
passionate about watching contemporary American television
series such as Dexter or Desperate Housewives show us how
a popular culture text can be interpreted in many ways, especially
when we enter postmodern territory.
“In my research I often focus on exceptional uses of American
culture, when it becomes only a pretext, a form, or cover for expressing oneself, when — as Winfried Fluck, German expert in American
literature and culture, wrote — we are not Americanized but we
Americanize ourselves,” Szymkowska-Bartyzel points out.
A great example of such “cover” is the work of Silesian amateur film maker, Józef Kłyk, who uses the seemingly outdated
and quite obvious form of the American western to tell the story
of Silesia and its inhabitants in order to foster Silesian traditions
and protect their identity.
Nearly the whole community of his home village, Bojszowy,
participates in the production of Kłyk’s films (Człowiek znikąd
[The Man from Nowhere], 1983; Full śmierci [Dead Man’s Hand],
1986; Dwaj z Teksasu [Two Men from Texas], 2000). Working on
the set has become a sort of ritual for the village residents. The
scenes are usually shot after Sunday Mass because people only
have time on Sundays. As in Passion or Nativity plays, amateur
actors play the same characters from the western world: one is
always the sheriff and the other, the bandit. Kłyk’s films feature
characters speaking the Silesian dialect, observing Silesian traditions, and wearing Silesian clothes. They tell the history of Silesia.
Could American popular culture be used in a more interesting,
creative, and useful way?
New media, particularly the internet, provide plenty of examples
of the critical and inspiring use of American popular culture.
American culture itself occurs on the internet in countless forms
and contents, as it is a diversified culture created by the inhabitants
of the USA from various origins. American culture is much more
than texts produced by Hollywood studios and media corporations.
New media finally allow us to see it in all its richness. 
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Certification of knowledge
and experience
→

and career paths in a flexible way. People,
who have worked in a given profession
successfully for several years although they
do not have a formal education in the area,
may receive a formal confirmation of their
competences. RPL also relieves them from
the necessity to follow traditional curricula,
providing them with an opportunity to participate in a modular form of education. It
also allows for the certification of competences for the purposes of the labor market.
Formal confirmation of acquired knowledge
and skills is particularly important for so-called excluded groups,
as it prevents young people from “falling through the cracks” of the
education system and provides them with a “second chance” – an
opportunity to obtain qualifications.

Recognition of Prior Learning (RPL) means validation
and confirmation, among others, by earning a certificate
of competences (knowledge, abilities and social skills) acquired
by adults in the course of learning outside of academic
institutions or while gaining professional experience.
How can various international solutions related to the
recognition of learning outcomes be applied in Polish reality?
Scientists involved in the project carried out at the Faculty
of Management and Social Communication at the Jagiellonian
University are attempting to find an answer to this question.

The main idea of RPL is the recognition of all learning outcomes,
regardless of where and when the learning process took place.
This refers to formal learning (classes at school or at an academic
institution), non-formal learning (e.g., training courses),
or informal learning (e.g., self-learning process).
An answer to challenges
of modern times
RPL is an essential solution that is
being intensely developed throughout the world as part of the
activities related to lifelong learning. Unfortunately, this method
has remained unknown in Polish universities so far. Without
recognizing the results achieved
outside the formal education
system, so-called lifelong learning
(i.e., learning throughout one’s whole
life), is just an empty idea. RPL is what
enables people to access formal education upon recognizing the results of education
achieved outside this system. It is an essential tool
both from the point of view of each member of society
and for the labor market itself, as it provides individuals with an
opportunity to return to the educational path.
However, the main advantage of this method is the fact that
it allows people to model their own development processes

Polish reality
The adaptation of the principles of Recognition of Prior Learning to the
reality of Polish universities is the
task of the Jagiellonian University
team. Polish scientists are supported by partners from the
United Kingdom (Edinburgh
Napier University), France
(Université Paris-Est Créteil
Val de Marne), and Croatia
(Institute for the Development
of Education). “Our work consisted
mainly of analyzing RPL solutions
existing throughout Europe, and then
in the adaptation thereof to Polish and,
partly, Croatian conditions, based on the
experiences of our Scottish partner,” explained
Professor Grażyna Prawelska-Skrzypek, Project Manager.
“As project leader, the Jagiellonian University undertook the task
consisting of the execution of the first Polish venture concerning
the creation of RPL solutions,” Professor Prawelska-Skrzypek
added. The developed solution also takes into account the status
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of legal regulations in Poland, as well as the experience from the
functioning of RPL centers dealing with recognizing competences
from various countries.
As the experiences of the Edinburgh Napier University prove,
RPL is also beneficial for the universities that implement it. The
application of this system allows for an improvement of the fulfillment of expectations imposed on universities both by national
authorities and by the labor market. It influences, among others,
increased access to higher education, which enables the education of adaptable and highly competent workers and to strengthen
the cooperation between the university and business. RPL offers
an opportunity to focus on the need to change the role performed
by academic institutions so far. This refers both to the transfer
of knowledge and to the acquisition of specific skills. The common
application of RPL leads to the transformation of the anachronistic
belief that learning is inseparably linked to staying inside the walls
of an academic institution.
RPL essentials
Within the project, the team of researchers created and tested
procedures guaranteeing transparency, which may constitute
guidelines for the Recognition of Prior Learning processes in Polish
universities. These included the development of a step-by-step
guide explaining to those interested what they should do in order
to obtain a formal confirmation of their acquired knowledge
and skills. On the other hand, a publication was prepared for
universities, which contained practical guidelines developed by
the project team focused on a way of establishing a recognition center at the university, as well as the its organization
and management.
Additionally, the scientists published a scientific book that presents
an outline of the main issues and challenges of RPL, particularly
including those in Poland and Croatia. What is important is the
fact that all of the studies, reports, forms and guides are available online and free of charge, on the Creative Commons license

(in Polish and English language versions with portions in French
and Croatian). This will enable universities to use the developed
solutions based on the best global practices, free of charge.
RPL people
The project also involved the training of the first Recognition of Prior
Learning assessors. They are members of academic staff whose
task will be to assess the applications for the recognition of learning outcomes obtained outside the formal education system. “Our
assessors took part in a pilot project, during which we assessed
competences obtained in areas such as: strategic management,
project management and human resources management. Applications were filled by a geologist, a sociologist and a chemist,
among others – people who manage projects and teams on a daily
basis, who are involved in strategic management on regional level,
and who at the same time do not have any formal confirmation
of their qualifications in these areas,” Professor Prawelska-Skrzypek
explained. First, the applicants participated in a meeting with an
RPL advisor who helped them compare the self-learning results
obtained by them with the learning results defined in the syllabi
of the courses at the Jagiellonian University. Then the applicants
prepared their portfolios. They contained evidence confirming
the obtaining of certain learning outcomes in the course of nonformal and informal learning process (training course certificates,
opinions of supervisors, scopes of duties in the positions held,
etc.). The materials were then analyzed by the assessors and were
followed by an oral exam.
The regulation that is currently subject to proceedings in the
Parliament will allow for the legal sanctioning of the RPL in higher
education. This will mean that applicants whose learning outcomes
have been assessed as equivalent to the learning outcomes of academic education will not have to take classes in the subjects when
starting a studies program, as they have already mastered those
results. These learning outcomes will be recognized and awarded
a passing grade pursuant to the RPL procedure. 

Research team: Professor Grażyna Prawelska-Skrzypek – Project Manager; Beata Jałocha, PhD – Head of the Project Office; Professor Barbara
Kożuch; Roman Batko, PhD; Grzegorz Baran, PhD – RPL Assessors
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Understanding (in) a museum

→

of exhibitions, i.e., participation as defined
by Nina Simone, the author of The Participatory Museum. In order to achieve this
goal, not only educational programmes
for school trips are created, but first of all
detailed projects and targeted classes for varied audiences (e.g.,
for people with various health impairments, for families, for the
elderly, or for mothers with small children).
“In a well-designed exhibition, every viewer
will find a message for themselves. My
research deals with the needs of the
audience, the creation of such
message, and preparing staff
for museum education, i.e.,
people who will be able
to combine various abilities
to formulate the message
of the museum and to design and create conditions
that enable the participation of the audience. Apart
from that, I am planning
to find out what we really
learn in museums and what
contemporary museums offer
us,” Pater explains.

Modern museums enable us to feel and experience. They also
teach us to listen, watch, and draw conclusions. However, the
most important thing is that they are fun!

Not long ago, a museum was thought of as a place where visitors
had to be serious, move slowly without touching anything, watch,
contemplate, and admire. Generally, museums were
perceived as places only accessible for a select few and, in a way, boring. Museums
in Poland have been dynamically
changing in recent years, and the
activities of museologists,
educators, and scientists have
led to a dramatic change
in the public perception
of museums. This has been
proven by long queues at
the Underground Market in Kraków and the
Kopernik Science Centre
in Warsaw. A visit to a museum is not associated with
felt slippers and “Do not touch!”
signs anymore.

Education, fun,
Pleasure at the museum
and participation
A museum aiming to evoke interest must
Research conducted among the youngnot only display, but also educate. “The
est museum visitors, children and school
objective of the research I am conducting ↑
pupils, shows that they enjoy their own
Classes for children with disabilities from primary school No. 44
is to enable the audiences to ‘have serious
activity the most. What they remember
in Kraków, taught by students of the Institute of Pedagogy.
fun’ through which they develop interest
is a feeling of pleasure combined with
Photo: R.Pater
in the world and in other people. This is
their own involvement and intellectual
called edutainment — a combination of education and entertaineffort, like the satisfaction of solving problems, working in groups,
ment,” comments Renata Pater, PhD, from the Institute of Pedagogy
and participating in discussions. It is connected with the admiraat the Jagiellonian University. However, in order to successfully
tion of exhibits and works of art, and results from the gradual
involve visitors in discovering the world, a museum has to offer
process of learning and understanding history, techniques, content,
more than simple fun, and has to be a challenge for the viewer.
or values. The atmosphere of a well-designed museum space
This emphasizes active participation and even the co-creation
combined with an attractive personal message (e.g., of a guide)
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creates an environment where the motivation to discover the
world and humanity in various contexts is enhanced and cultural
history becomes an attractive, engaging narrative.
Specialists must care for the museum so that it is not only
associated with historical knowledge and objects, but is also
audience-friendly. Museums are not just exhibitions; they are
comprised of exhibits and objects that require reasonable protection, preservation, and display. In 2011, the National Institute for
Museums and Public Collections was created. It cooperates with
the Institute of Pedagogy and carries out interdisciplinary research
projects and a seminar on “Museum Education,” conducted by
Reneta Pater, within the strategy of museology development
in Poland. Studies on museum education are also conducted by
the Forum of Museum Educators, with which Pater also cooperates.
The Forum organizes, among other things, seminars and training courses for museum educators and animators. Its activities
include the development of the “Report on the state of museum
education in Poland.”
Currently, educational activities are not only conducted as
additions to exhibitions; more often, they are created during the
concept-designing process for the exhibition or whole museum
(e.g., the interactive exhibition called “People, Ships, and Harbors”
at the Maritime Culture Centre in Gdansk). The digitalization
of collections enables the introduction of new technologies for
the purpose of conveying a message or narration in an exhibition.
Some examples of good practices can be seen at newly opened
or renovated museums or exhibitions, including the Museum
of the Warsaw Uprising, the Museum of the History of Polish Jews,
the Museum of Polish History (currently in the design phase),
and many others.
Everyday life and problems which are interesting for all viewers, such as love, death, and housing, are becoming both the
context and the topic of the organized exhibitions. Modern artists
enter museum spaces, enabling the audience to interpret the
presented subjects on their own. Museum installations are often
a kind of “scenography,” or background for a story (e.g., exhibitions of the new branches of the Historical Museum in Kraków
and the Museum of John Paul II in Wadowice). The analysis
of exhibitions, programs, and educational projects shows that
they are multi-contextual, multi-threaded, and that they attract
a varied audience.

Nowadays, the task that museums set for themselves is not
only to attract new audiences, but also to encourage their viewers, to keep them in the museum for a longer period of time,
and to make the museum a place of constant returns—not only
a one-time attraction.
Experimental site
Research conducted by Renata Pater shows that interdisciplinary
cooperation between three institutions — the university, the
school and/or preschool, and the museum — brings positive
results. The combination of theory and practice allows not only
the training of cultural animators, but also influences the quality
of education. When analyzing the content of a painting, children
are not working with a reproduction the size of a postage stamp
in their textbooks; they are confronted with the original and learn
in the direct presence of the work of art. They become involved
and learn about history and culture through action and experience so that they remember the content better and are able
to understand cause and effect relationships.
“We cooperate with the School Complex in Bibice near Kraków
and the Gallery of the 19th Century Art in Sukiennice, and the House
of Jan Matejko (an outstanding Polish painter, best known for his
works documenting historical events) branches of the National
Museum. Significant benefits resulting from the cooperation are
new methods and formats, proposed topics such as class scenarios
included in school methodology, and Polish, history, and English
classes, and used by museum educators,” Pater points out.
One of the essential tasks is to prepare staff for the purposes
of museum education and animation. “At the Institute of Pedagogy
we also prepare cultural animators for activities carried out
at museums. To this end, I have developed a module called ‘Museum education.’ Students of pedagogy may not only learn about
educational work and functioning of museums in theory, but also
participate in practice in the activities taken by education departments of Kraków museums, e.g., the National Museum in Kraków
or the Wawel Castle,” the scientist from Kraków points out.
Also, students are satisfied with the “experimental site,” as the
first practical activities conducted in the environment of a school
or museum may be described. An example of their success is the organization of a museum game for adults and children accompanied
by parents, which took place during Museum Night in 2014. 

Research conducted by: Renata Pater, PhD.
Cooperating institutions: the National Museum in Kraków and the General Education Secondary School Complex in Bibice.
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To hear the image

→

Please take a seat, close your eyes, and listen carefully. In the
darkness you can hear a lullaby, the whistle of the wind, deep,
quiet breaths, and a soft creaking. Suddenly there is a loud
cracking sound, followed by the terrifying scream of a child,
shouting, and noise. Now you can open your eyes. We have just
“watched” the first scene of the animated film “Monsters, Inc.”
Why did we watch it with our eyes closed? So that we could feel
what a blind person feels in the cinema.

sity in Kraków named Andrzej Woch. Since
July 1, 2011, all TV broadcasters have been
obliged by law to broadcast programs with
audio description and subtitles for the deaf
and hard of hearing (SDH). However, there
is much more going on as far as audio description is concerned. It is worth noting,
for example, that all concerts and events
at the National Stadium in Warsaw are accompanied by live audio description!

Let’s try again: Please close your eyes. A quiet voice explains that
a child’s bedroom, bathed in the moonlight, is shown on the screen
Door still wider open
(lullaby). There is a sleeping boy (deep breaths) who wakes up
Until recently in Poland, audio description was added almost exand looks at the closet door anxiously (soft creaking noise). Sudclusively to Polish-language or dubbed productions. Foreign films
denly, the door opens (crack). A purple monster jumps out of the
with voice-over translation were almost totally unavailable for the
closet (child screaming). The terrified monster (shouting) is turnvisually impaired. This was due to the assumption that the blind
ing over the furniture in the room. We have just watched
would not be able to cope with three soundtracks at the
a film with audio description for the visualsame time. In the last few years this situation has
ly impaired.
changed so that foreign language films are
We are living in an era of images.
now audio described. “We hope that this
This is why most cultural texts have
is partly due to the results of our rea visual form. How do the blind
search, which showed that the
cope with that? Modern culblind can perfectly cope with
ture is, to a great extent, unthe reception of foreign lanavailable for people with viguage films with voice-over
sion deficits. A helpful tool
and audio description. After
is audio description — an
one of our shows, we readditional verbal descripceived a moving text mestion providing the blind with
sage: ‘This is the first forthe information that those
eign film that I have seen in 11
who can see receive in viyears.’ Such moments make
sual form. Not only films, TV
us believe even more strongshows, theatre and opera perly in the sense of our research,”
formances are accompanied by
says Anna Jankowska, PhD, who,
audio description, but also sports
together with Agnieszka Szarkowsevents, museum exhibitions, monka, PhD, conducted a research project
uments, and even fashion shows. Auanalyzing the feasibility of adding audio
dio description has been present in Poland
description to foreign language films. What
since the 1990s. The first person to use it
is interesting is that not only films with voice↑
Eye-tracking experiment on subtitling preferences
was an employee of the Jagiellonian Univerover are shown with audio description, but
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also those with subtitles, which are ↓
(TTS AD). “We are conducting
read aloud for the visually impaired.
There is no precise data about the number of blind
research on these two aspects.
Research on the best ways to preor partially sighted people in Poland, but the Polish
International companies providpare these subtitles is currently
Association of the Blind (the largest union) estimates
ing audiovisual translations are
in progress, as it seems that it is not
that there are 73,000 of them!
interested in the results, along
sufficient to simply read aloud the
with Swiss television, which is
planning to implement TTS AD, and one of the Polish TV stations
subtitles prepared for viewers without any vision deficits.
In its current form, audio description is just a simple descripwhich has already started doing it,” adds Anna Jankowska.
tion of the appearance of the characters, the scenery, the place
The most recent undertaking in which Jankowska and Szar
and course of action, noises that are difficult to recognize, etc. The
kowska are participating (together with the Institute of Innovative
authors are working on the possibility of implementing subjective
Technologies [EMAG], the Polish-Japanese Institute of Information
audio description that allows for interpretation. Research among
Technology, the National Information Processing Institute, the Naaudiences shows that this makes the reception of films more aptional Museums in Warsaw and Kraków, and the Museum of Conpealing. This research also matches the trend in European studies,
temporary Art [MOCAK]) is the project “OpenArt — Modern Art
which are starting to focus more
for All,” financed by the National Center for Research and Deon different strategies of creating ↓
audio description and abandoning
“We established the foundation called “Seventh Sense,”
velopment. The aim of the projthe paradigm of objectivity.
which, in cooperation with the Rotunda Association
ect is to create an innovative
and the Foundation Kultura bez Barier (Culture withosolution on a global scale by deObstacles that need
ut Barriers) and Centrum Kultury Wrocław-Zachód
veloping a multimedia guide for
(Centre of Culture Wrocław-West), organizes monthly
mobile devices, facilitating acto be overcome
film shows with audio description. Our most important
cess to works of art for people
The costs of implementing audio
description are a major obstacle.
achievement is the creation of audio description for the
with various vision and hearing
The costs result from the necessity
film 1920 Battle of Warsaw, which appeared on DVD,
deficits, and improving the exof hiring an audio describer to preand the preparation of audio description for The Matrix
perience of the reception of art
pare the script and a voice-talent
and Gladiator, shown during the Film Music Festival
for people without such impairin Kraków,” says Anna Jankowska.
ments from Poland and other
to read it. In the authors’ opinion,
the first problem may be solved by
countries, based on the assumptranslating audio description scripts prepared, for example, in the
tion of universal design. Their plans also include subsequent projUnited Kingdom, where audio description has been present for
ects combining the humanities with advanced technology. “I am
more than 20 years. This solution would likely be faster and, what
happy that the humanities can be pragmatic and that thanks
is also important, would guarantee high quality scripts. The second
to the cooperation with engineers we can do science not only for
problem may be solved by replacing human voice-talents with synthe sake of science, but for the good of humans.’ This quote from
thetic voices and preparing what Anna Jankowska and Agnieszka
the Nobel prize Laureate Aaron Ciechanover has become my sciSzarkowska referred to as “text-to-speech audio description”
entific motto,” Anna Jankowska concludes. 

Research team: Anna Jankowska, PhD – UNESCO Chair, Jagiellonian Univeristy; Agnieszka Szarkowska, PhD – The Institute of Applied Linguistics,
University of Warsaw
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The advantages of being bilingual

→

Granada University in Spain), scientists
examined the categorization of faces
according to different criteria (e.g., faces of older/younger people, female/
male faces). The comparison of the performance of this task by
bilinguals (who use both the Hungarian and Polish languages)
and monolinguals (in this case, those who speak only Hungarian)
revealed an interesting phenomenon: bilingual people were able
to get away from the previous way of categorizing and “switch”
to a new way in a more efficient (faster and more accurate) way.
It is likely that it is such elementary “sub-processes” that build
more complex abilities in which the advantage of bilingual people can be observed.
However, not all studies investigating the consequences of bilingualism point unanimously to a similar advantage of bilinguals.
There is probably a series of factors that contribute to the optimal
conditions fostering the occurrence of such positive effects of bilingualism as described above, although we have not succeeded
in identifying them yet. One of our most recent projects, carried
out by members of the team supervised by Zofia Wodniecka
and Magdalena Senderecka, PhD from the Cognitive Sciences

Is the possibility of communicating with people from other cultural
backgrounds the only advantage of speaking foreign languages?

Cognitive psychologists believe the exact opposite. “Knowing
two or more languages and using them often appears to have
a side-effect in the form of training specific mechanisms of the
mind. These mechanisms in turn constitute the basis for numerous everyday activities that are seemingly unrelated to language,”
explained Zofia Wodniecka, PhD, from the Institute of Psychology,
the head of the team investigating the influence of bilingualism
on the functioning of the mind.
Flexible mind
Studies conducted in several research centers around the world
over the last two decades demonstrate that, statistically, bilingual people focus on performed tasks better than monolinguals,
particularly when exposed to stimuli that might be distracting.
Bilinguals also display more flexibility in thinking. Flexible thinking
(or cognitive flexibility) is a psychological term that refers to the
ability to find more solutions to a given problem. Several studies
by now have reported greater flexibility of
bilinguals compared to monolinguals.
In a classical experiment of this kind,
a participant is asked to list as many potential applications as possible of an ordinary
object, such as a brick, apart from its obvious, typical uses. The aim is to generate the
highest possible number of unconventional
ideas, e.g., using the brick as a paperweight,
etc. Such studies have frequently (although
not always!) shown that bilinguals cope with
the task better than monolinguals.
Cognitive flexibility understood in such
a way is likely to consist of many elementary processes. The team supervised by Wodniecka has recently managed to “capture”
one of them. In an experiment conducted
by the group from the Jagiellonian University (in cooperation with researchers from

↑
Member of the research group during the EEG test . Photo: B. Zarycki
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Department at the Jagiellonian University, will attempt to answer
this question. It will be conducted by Patrycja Kałamała under the
Diamond Grant received for this purpose.
Without a switch
“The research conducted in several labs in the world, including
ours, shows that both the languages known by a person are
always active in the mind of a bilingual person, regardless of which
of these languages the person is currently using. In the past, the
‘radio switch’ metaphor was used to describe the way in which
bilinguals use both languages known to them: a bilingual person
thinks, for example, in Polish, and then they switch an invisible control lever and start speaking and thinking, for example, in English.
Later they switch it back and start speaking and thinking in Polish
again. However, numerous studies in the last decade have been
conducted with the goal of understanding what is going on in the
mind of a bilingual person when he or she is having a conversation,
i.e., when they are simultaneously talking and, on the other hand,
listening and trying to understand what others are saying. A vast
majority of the obtained results indicates that bilinguals have
so-called non-selective access to both languages. This means
that both known languages are simultaneously active in the
mind of a bilingual person, both in the process of understanding
and uttering speech,” Zofia Wodniecka points out. In highly simplified terms, this could be described as if one language was trying
to “shut down” the other. The “fight” lasts only fractions of a second,
which is not, however, as short a period of time as it might seem
when referring to the speed at which the human mind operates.
This “fight” is effortful for the mind although it usually remains
unnoticed both for a bilinguals and their interlocutors. The effort,
however, can be well captured in laboratory experiments, including
those conducted by scientists from Kraków.

Improved control of the mind
It is probably the ability to cope with such simultaneous activation
of both languages and the need to constantly monitor the language
that has to be used at the given moment which makes bilinguals
better at controlling the activities they perform. The goal of one
of the projects currently conducted by the team supervised by Zofia
Wodniecka (carried out among secondary school students from
Kraków who participate in intensive English language classes) is
to explore the possibility that it is indeed the language experience
that leads to improved control of the mind. “We are recording,
among other things, the changes that occur in the mind and brain
during intense use of the second language. In order to do so, we use
experimental methods, as well as measure electrical activity of the
brain, with the use of the Event-related potentials technique.
At the moment, the analyses are in progress but we should have
some preliminary reports soon,” explained Wodniecka.
Another research project carried out in cooperation with
scientists from the Warsaw University (in particular Ewa Haman,
PhD) and with Marta Białecka-Pikul, PhD from the Jagiellonian
University, concerns developmental patterns of Polish bilingual
children. The project is a part of a large-scale networking program
within the European COST Action IS0804. “The objective that we
have set for this project is to establish developmental pathways
of Polish immigrant children brought up abroad, primarily in the
United Kingdom. Our goal is to develop tools that might be used for
the purposes of diagnosing the language development in bilingual
children in the future,” the scientist from Kraków informs.
Research on bilingualism is quite a new discipline of science. It is
being developed mainly in centers characterized by the most vivid
awareness of changes taking place in the globalizing world. Thanks
to the research conducted by the team led by Zofia Wodniecka, the
Jagiellonian University is becoming one of such centers. 

Research team: Zofia Wodniecka, PhD – Principal Investigator
Co-Investigators: Jakub Szewczyk, MA; Marcin Bukowski, PhD; Magdalena Senderecka, PhD, Ewa Haman, PhD – from University of Warsaw
Graduate students: Joanna Durlik, MA; Justyna Kotowicz, MA; Patrycja Kałamała
Affiliates: Joanna Kołak, MA; Magdalena Król, MA; Karolina Łukasik, MA, Anna Drożdzowicz, MA – University of Oslo, Paweł Mandera, MA – Ghent University
Collaborators: Andrzej Tarłowski, PhD – from University of Finance and Management in Warsaw, Paweł Rutkowski, PhD – from University of Warsaw,
Marta Białecka-Pikul, PhD; Darek Asanowicz, PhD – both from the Jagiellonian University; Justina Gilevskaja, MA – University of Cambridge
Student volunteers: Klaudia Tondos, Alicja Bochenek, Marta Rodenko
This article is licensed under a Creative Commons License:
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Biomedical research on human subjects.
Safety and efficiency
legal and ethical mechanisms protecting
the participants of biomedical experiments
were developed as late as the second half
of the 20th century. These mechanisms
take the form of recommendations on
ethically performing tests on human
subjects. For example, a part of the verdict in the trials of doctors
who conducted cruel experiments was the so-called Nuremberg
Code, which lists ten principles for human experimentation. It
states, for example, that the human subject should be at liberty
to bring the experiment to an end at any time (point 9). Currently,
the most influential international document on the subject is the
Declaration of Helsinki, which is discussed and updated every few
years. These updates enable the document to take into account
new aspects in the development of biomedicine and subsequent
arguments developed by bioethicists.
“The task of our research team,” Marcin Waligóra,
PhD, says, “is to develop new and improve
existing tools that facilitate the ethical assessment of biomedical experiments
on human subjects. Together with
Jan Piasecki, PhD (Jagiellonian
University), and Vilius Dranseika,
MA (Vilnius University), we focus
on the methods of risk assessment in biomedical research on
human participants, the conditions
of participation in clinical trials
of vulnerable groups (e.g., children),
and the principles of ethical random
selection of test participants. We are
also planning to elaborate on the ethical
postulates that accompany the conducting
of epidemiological studies,” he adds.
“The results of our work were presented, among
others, in an article analyzing the structural causes of inconsistencies
in the organization and supervision of clinical trials in Poland,
which were revealed by the inspections carried out by the National
Supreme Audit Office. In spite of a quite satisfactory legal status, we
are still facing problems characteristic for societies in the transitional

We are constantly hoping for new information about
drugs and procedures that will enable us to fight cancer,
cardiovascular diseases, or AIDS more efficiently.
Who wouldn’t like to live longer and in good health?

Biomedical tests improve the quality and length of our lives. We
would still be suffering from numerous diseases if new drugs were
not tested and introduced on the market.
The tests of a new drug or medical procedure must first be done
on models. Some of these are computer models, but animals can also
be used in scientific research. If tests on models confirm the efficacy
of new pharmaceutical substances (or medical products and procedures), then clinical tests on human subjects are initiated.
Safety first
Previously, medical experiments on humans usually took the form of auto-experimenting:
doctors or scientists tested the new
substance on themselves and sometimes also on their family members.
An important figure in the history
of medicine is Lady Mary Wortley
Montagu, who, based on existing
knowledge, decided to experimentally vaccinate her children
against smallpox. The success
of this test resulted in a series
of vaccinations for members
of aristocratic families. This is considered an important milestone in the
development of vaccinology, the area
of medicine related to vaccines.
The development and impressive progress
of biomedicine has also been accompanied by abuse
and scandal. An example of such abuse is the Tuskegee syphilis
study, whose victims were several hundred African American farmers infected with syphilis. A similar incident occurred when mentally
disabled patients of the American Jewish Chronic Disease Hospital
were injected with live cancer cells. Most commonly accepted
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period, as modern legal solutions are confronted with outdated categories, definitions, and habits. Most of them are simply considered
as another administrative burden. General principles are not always
followed by specific procedures, either. Polish regulations on bioethical committees (organizations evaluating proposals of biomedical
experiments on humans) are rather enigmatic. There is also no such
authority that would effectively coordinate their work. This is why
the British “Journal of Medical Ethics” published our commentary,
in which we propose the uniformization of functioning of such
ethical committees within the European Union. We believe that this
would improve the safety of future test participants, but it would
also make the life of scientists easier,” Waligóra concludes.
How to regulate research on children?
Can children participate in biomedical research? An individual’s
participation in tests carries the risk of damaged health, and in extreme cases, even loss of life. On the other hand, the participation
of children in tests is the only way to obtain common access to safe
drugs for young patients. How can we solve this dilemma?
The task of bioethicists is to develop a mechanism that would
protect the participant to a maximum extent, but would work
in a way that would also enable the obtainment of key results in the
course of conducted research. An example of such a mechanism
in the case of children is the minimum risk standard, which permits
their participation in the experiment if the threat of dangerous
consequences is slight. Obviously, it is also necessary to respect the
objections of the young patient. However, many scientists claim
that current standards limit the development of new pediatric
drugs too strongly. The form and quality of future regulations also
depends on the results of the work of bioethicists. “As far as the
issue of children’s right to co-decide about their own participation
in a biomedical research is concerned, international regulations
remain inconsistent. We have developed arguments for increasing
the rights of children to object with regard to their participation
in so-called non-therapeutic experiments. The article on this
subject was published recently on BMC Medical Ethics”, a scientist
from the Faculty of Health Sciences informs.
Randomization dilemmas
In the case of a double-blind random selection of patients, i.e.,
randomization, neither the patient nor the scientist (physician)
knows which group of patients receives the tested drug and which

one receives a placebo or comparator, i.e., an efficient drug authorized on the market. This is a way to eliminate prejudice and initial
assumptions concerning the efficiency of the pharmaceutical
product or procedure being tested.
However, the practice of conducting randomized tests has
raised some ethical doubts from the beginning. Immediately after
World War II in Britain, tests were conducted on the effectiveness
of streptomycin in the treatment of tuberculosis. Previous tests
on animals suggested that this antibiotic was highly effective. The
need to obtain credible results from a methodological point of view
forced the scientists to conduct randomized tests. This meant that
instead of being subjected to experimental therapy, some of the
patients underwent standard therapy, which was quite inefficient
in those days. This story makes us realize that in randomized tests,
one group of patients loses rather than gains.
A correctly conducted randomized test may, for example,
reveal medical superstitions. In 2002, results were published
with the aim of confirming the efficiency of arthroscopic knee
surgery in fighting osteoarthritis. The belief in the efficiency
of the procedure was common, and annually approximately
250,000 Americans underwent the surgery. During the experiment, patients were divided into two groups—one was subjected
to arthroscopies, which were the standard treatment in such
cases, while the other was subjected to sham surgeries (including, among other things, incision of the skin). The study did not
confirm the efficiency of arthroscopic surgery in osteoarthritis, as
no differences were noted between the efficiency of a placebo
and actual arthroscopy.
Waligóra says: “I often hear questions about the practical applications of the results of our studies. In our project, we deal with
so-called fundamental research. The results may have a form
of recommendation concerning the improvement of existing
procedural standards. Recommendations can be both local, e.g.,
concerning the binding principles of conduct in a given institution,
and international. Our aim is to develop tools which will have an
actual application.”
The project is a continuation of the cooperation of team members initiated within the international program financed by the
National Institutes of Health (USA). The results of the cooperation
include, among others, the publication “Biomedical research with
human subjects. International regulations,” edited by Joanna
Różyńska and Marcin Waligóra. 

Research team from the Jagiellonian University: Marcin Waligóra, PhD — Principal Investigator; Jan Piasecki, PhD; Vilius Dranseika, MSc
In the years 2012-2013, Joanna Różyńska, PhD, from the University of Warsaw, participated in the work of the team.
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The legal image of a man

into two stages: the first stage consists
of the analysis of existing models of the
“naturalization” of law.
Lawyers recognized the importance
of behavioral sciences as early as the 19th
century, i.e., when psychology and sociology became independent sciences. These
attempts at the “scientification” of law
proved to be misguided for two reasons. Firstly, the sciences that
were referred to were very immature in those days – psychology
of that period was still a highly philosophical discipline, based on
unverified assumptions that were even empirically unverifiable.
Secondly, the existing models of “naturalization” of the law, even
modern ones, are based on numerous simplifications resulting
from the lack of actual cooperation among representatives of various fields of science. Some of these models are biased, as they are
based on the findings from only one field of science, which is often
evolutionary psychology. On the other hand, other models are
often too radical because they reject the traditional
philosophical method of conceptual analysis
(this is proposed by Brian Leiter, a popular
modern philosopher of law).
An important step at this stage
of the research is the presentation of a new, interdisciplinary
model of the “naturalization”
of law. “Naturalization” of law
consists mainly of the development of methods of application the findings of empirical
sciences in the science of law.
The model of such naturalization
should take into account particularly the difference between normative
systems (of which law is a specific instance) and the descriptive field, analyzing
the sciences that deal with human behavior.
Law is a system of norms telling us how we should
act, while experimental sciences describe and interpret actual behavior. Thus, a naturalistic fallacy sneaks in between the

In the eyes of a philosopher, law is something more than
provisions listed in codes. It also includes a series of hidden
assumptions concerning human behavior, which may
be described by the term “the legal image of a man.” Such
assumptions constitute the basis of operation for numerous
legal institutions.

The most credible findings concerning human behavior are
proposed by experimental sciences such as psychology. The
key aspects of the research carried out at the Faculty of Law
and Administration at the Jagiellonian University (within the grant
“Naturalization of Law”) were precisely the determination of such
findings in experimental sciences that are important to law, and,
last but not least, finding a way to apply them in legal sciences.
The goal of the naturalization of law is to consolidate the legal
image of a man with its scientific counterpart. For example, in the
fields of psychology and cognitive neuroscience, the thesis
about the illusion of free choice is becoming increasingly popular. This illusion means that even
in the situations when we are convinced
that only we make our own choices,
it is only an illusion generated by
our minds. In fact, the decision
had been made unconsciously,
before we even started considering it. At the same time, the
ability to make free choices
is a prerequisite for holding
someone criminally liable for
an action. If, however, free
choice is merely an illusion, can
anybody be deemed responsible
for his/her actions?
How to link the law
with the empirical sciences?
The project is carried out by twenty scientists
representing not only the legal sciences, but also philosophy, psychology, and neuroscience. The research is divided
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legal and experimental sciences: the fact that we behave in a given way cannot constitute the basis for the claim that we should
behave in such way. For example, if scientists prove that people,
in general, act egoistically, it does not mean that they should behave in this way and that the law should permit or even promote
such behavior. However, the law should not be completely indifferent to the determination of the ways in which we do actually
behave, due to the obvious principle stating that if an individual is
unable to behave in a certain way, then the law should not require
such behavior. Let us imagine a situation when someone is watching a drowning person from the shore of a lake. The law should not
require such an observer to dive into the water and save the drowning man if the observer cannot swim.
Apart from this aspect of the “naturalization” of law, it is also
crucial to provide an answer to the question concerning the
method of conducting this type of research: should the method
of conceptual analysis traditionally used in the philosophy of law be
replaced, at least to some extent, with the experimental method,
which obviously provides more reliable knowledge?
Eliminating discrepancies
What seems particularly interesting is that the scientists also intend
to indicate those findings of experimental sciences that are
significant for legal sciences due to their inconsistencies with
some of the assumptions that constitute the foundations of the
legal system. An example might be the thesis about the illusion
of free choice discussed above. Another example refers to the
decision-making model adopted in the law. The law assumes
such a model for example with regard to consumers’ decisions
to buy a certain product. In some legal systems, this model assumes strong rationality in the decision-making process on the

part of consumers. As a result, consumer protection under such
systems is limited. However, if it is proven that consumers buy
without much thought, driven by emotions, should they be better
protected because of that?
The analyses will focus particularly on the findings of psychology and neuroscience. In the last few decades, these disciplines
have significantly contributed to the change in the scientific image
of a man, especially in connection to his decision-making process,
the nature of reasoning, or cognitive control.
A key element of this stage of the research will be to reconstruct
“the legal image of a man.” The analysis will examine specific legal
notions: a statement of will, person, or responsibility. Assumptions
connected with these notions will be revealed, followed by the
analysis of the compliance of these assumptions with the current
state of knowledge concerning, among others, decision-making,
reasoning and cognitive control. In this context, the solutions will
also be shown, which will make the “the legal image of a man”
more consistent with its scientific counterpart.
The results of the research will consist of, first of all, a proposal
of solutions to a series of problems connected with the application
of experimental sciences in the field of law. These issues are particularly connected to the method of application of these sciences
in the reflection on the law. However, the results will also include
several modifications of certain solutions proposed by the legal
sciences in accordance with the current state of knowledge about
humans, i.e., the “humanization” of law. It is likely that the results
will allow for a proposal of specific legal solutions that could be
included in the existing legal system. Such solutions may concern
not only the scope of legal protection of consumers discussed
earlier, or the grounds for criminal liability, but also such areas
of civil law as contract law or compensation liability. 

Research team from the Jagiellonian University: Professor Jerzy Stelmach – Project Manager; Professor Edward Nęcka; Professor Bartosz Brożek;
Wojciech Załuski, PhD; Professor Jerzy Pisuliński; Piotr Kardas, PhD; Marta Soniewicka, PhD; Łukasz Kurek, PhD
This article is licensed under a Creative Commons License:

36

S C I E N C E P R O J E C To r

P a st ti m es / d ist a nt pl a ces

FA C U LT Y O F H I S T O R Y
INSTITUTE OF ARCHAEOLOGY

Discovering the Agora of Nea Paphos.
Discovering the world and its people
→

Polish archaeologists conduct very little excavation work in the
field of classical archaeology, which pertains to ancient Greece
and Rome, the cradles of our civilization. This is why “The Paphos
Agora Project,” started by the Institute of Archaeology of the
Jagiellonian University in 2011 in Paphos, Cyprus, is so important.

There was a port in Paphos where the Ptolemeian fleet was stationed. Rich villa districts
were located in the western part of town,
and there was a temple on the hill known as
Acropolis, where today there is a lighthouse.
A theatre was built east of it.

Cyprus, the island known as the birthplace of the Greek goddess
Aphrodite, became part of Greek civilization starting in the second
millennium B.C. In the period after Alexander the Great, this area
belonged to the realm of Egyptian Ptolemies.

Agora upon agora
Ancient agoras were usually located in the central parts of towns,
and they performed administrative, political, religious, and commercial roles. They were the heart of the ancient city. It was there where
inhabitants would not only meet and gossip, but also discuss imCity of Greeks and Romans
portant public issues.
The town Nea Paphos, which was founded by the end of the fourth
This is why it is no wonder that archaeologists often focus on excentury B.C. and was located on the west coast of Cyprus, became
ploring the agora. A town of such importance and size as ancient
one of the main urban centers of the island. This place was called
Paphos must have had an agora from the beginning. So far, the ag“Nea” (“New”) in order to distinguish it from Old Paphos (currently the
ora of the Roman town has been discovered and partly explored. The
village Kouklia). Old Paphos was a famous center of the cult of AphCypriot archaeologist who conducted these studies, Kyriakos Nikolaou, determined that the Roman agora functioned from the second
rodite located in proximity to the place where, according to myths,
to the fourth centuries A.D. It was a square with sides approximately
the goddess emerged from the sea. Nea Paphos performed the
100 meters long, surrounded by column porticos. It was located oprole of the capital of the island for a long time (from approx. 200
posite the odeon (a building designed for musical perforB.C. to approx. A.D. 350). Initially it was the seat of the Strategos governing Cyprus on behalf of the Ptolemies,
mances), and next to the Acropolis. As town planning
and later it was the seat of the Roman govertraditions were very strong in ancient times, prenor. The town grew with time, and today it is
existing basic topographical elements, such
known as Paphos. Its ancient remains are
as the network of streets or building blocks
quite well-preserved and they have been
(insulae), in towns which were founded
explored not only by Cypriot archaeolopreviously, i.e., in the Greek period, were
gists, but also by a series of internationoften used during Roman rule. There
al expeditions. The monuments of Paare no grounds for assuming that this
phos, like those of Kraków, have been
was different in Paphos. Thus, it might
placed on the UNESCO World Cultural
be expected that the agora of the HelHeritage List, making the work conductlenistic town was located below the
Roman agora. The discovery and descriped here very prestigious.
In spite of many years of research, not
tion of the functioning of this public area is
much is known about Paphos during the Helthe main objective of the team supervised by
lenistic period. However, we do know that the town
Professor Ewdoksia Papuci-Władyka. Other scienhad an area of approximately 95 hectares, that it
tific objectives include the verification of when the
↑
Roman agora existed and was constructed, and the
was surrounded by walls, and that it was built on
Students during work in Trench II in 2012.
Photo: E. Papuci-Władyka
a network of streets intersecting at right angles.
characterization of its importance in urban life.
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Seleukos once lived here
Golden earring
Excavation studies carried out in Cyprus by employees, doctoral
“Apart from remains of architectural structures, we found other
students, and graduate students of the Institute of Archaeology
marvelous artefacts, among which pottery is doubtlessly the most
at the Jagiellonian University are conducted for five to six weeks
valuable (thousands of fragments and many vessels preserved as
each year. The nature of the studies is interdisciplinary.
a whole) and coins (nearly 150 pieces). We also discovered
Participants include, among others, architects, gereal rarities: a bronze scale with an acorn-shaped
odesists, restorers, numismatists, and represenweight, two bronze jugs, an Egyptian style amutatives of other fields. Scientists use modern relet with a magic inscription in Greek, and — what
search methods: measurements taken with use
is extremely rare in an urban excavation site —
of tachymeter, photogrammetry, numerical
a golden earring (or pendant) with an ending
modelling (DEM), and aerial photography with
in the shape of a wine leaf, probably accidentally
use of quadrocopter. The creation of a 3D relost,” Professor Papuci-Władyka continues.
↑
construction of the discovered architectural rePursuant to international law, the discovBronze coin of the emperor Claudius II
Gothicus, A.D. 268-270. Photo: M. Iwan
mains is planned in the future.
ered artefacts remain in the territory of the counUsually, a smaller crew arrives for the first week
try of discovery. After restoration, the most precious
to prepare the terrain and finish the documentation
objects, so-called movables (e.g., the mentioned earring
of artefacts that were discovered during the previous season. Latand scale) are exhibited in the District Museum of Paphos, while the
er, fieldwork, i.e., excavation with the participation of students, takes
architectural remains can be visited in the area of the Archaeological
place. “It is hot (even up to 45°C) and sometimes really hard. StuPark located near the harbor in Paphos. The whole documentation
dents also take shifts in the kitchen, preparing meals for the whole
of excavations is then analyzed upon the return to Kraków. It conteam. In spite of the inconveniences, each time we announce restitutes the basis for reports, studies, papers, and publications. The
cruitment for excavation works, a crowd of people volunteer, which
publication of research results is the exclusive privilege and a great
proves the popularity of archaeology and of the research conduct- “scientific benefit” of the given expedition.
After three seasons of excavations, it can be said that the ared in Nea Paphos. It is worth pointing out that participation in the
chaeologists from the Jagiellonian University discovered the reresearch is not only vocational training but also a chance to learn
about Cyprus. Thus, the benefits are
mains of architectural strucnot only of a scientific nature,” Pro- ↓
tures and movable artefacts
Website of the project: www.paphos-agora.archeo.uj.edu.pl
from the Hellenistic period, alfessor Papuci-Władyka says.
The crew succeeded and their
Other aspects of life as part of the expedition are described
though it cannot be confirmed
hard work brought splendid rein the blog: neapafos.blox.pl
for certain that they belonged
sults. “During three excavation camto the agora of that period. On
paigns, we discovered numerous fragments of architecture from
the other hand, remains from the Roman period are likely to chalvarious periods of functioning of the explored area, such as remlenge the previously assumed time of the Roman agora’s construcnants of shops (Roman tabernae) and warehouses, hydrotechnical
tion from the second century A.D. to the period of emperor August’s
installations (terracotta pipelines, channels, pools, cisterns, and wells),
reign (27 B.C.– A.D. 14).
floors and walls of buildings,” explains Professor Papuci-Władyka.
In order to broaden our knowledge of the ancient capital of Cyprus, and in particular of the functioning of the agora, “further field
One such finding, a leaden weight with an inscription in the Greek
alphabet, documents the activity of a public official who superand desk analyses are necessary, because, although archaeology
vised the functioning of the agora, i.e., the agoranomos. His name
is an extremely attractive discipline, it is also the art of patience
was Seleukos and he was the son of Ioulios Bathylos. The mention — the results are usually visible only after many years,” Professor
of him confirms the existence of the Roman agora.
Papuci-Władyka concludes.
Research team: Professor Ewdoksia Papuci-Władyka – Project Director; Wojciech Machowski, PhD; Łukasz Miszk, MA; Agata Dobosz, PhD; Meike
Droste, PhD; Edyta Marzec, MA; Karolina Rosińska-Balik, MA; Jarosław Bodzek, PhD; Marcin Biborski, PhD; Małgorzata Kajzer, MA; Maciej Wacławik,
MA; Agnieszka Fulińska, MA; Aleksandra Rejowicz, MSc, Eng. (graduate of the AGH University of Technology); Łukasz Bąk, MSc, Eng. (graduate of the
AGH University of Technology); Marcin Iwan, MA – photographer (graduate of the Academy of Fine Arts in Poznań)
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Nakum – the town
of Polish Mayanists
→

above-mentioned tombs. Our discoveries
in Pyramid No. 15 may point to the fact
that it performed the function of a royal
mausoleum, where members of the ruling
royal dynasty were buried.”
In the neighboring Pyramid No. 14, scientists from Kraków discovered two very interesting features.
One of them is a relief (frieze) depicting two humans looking at
a divine creature between them. This is probably a representation
of an important mythological scene. It is one of the oldest depictions of this type in the region. The second one is an ingeniously
built water drain which was likely to discharge water outside from the upper levels of the structure during
rituals connected with the cult of water. The
age has been determined by analyzing samples of obtained materials,
e.g., using the radiocarbon dating
method.

Scientists from the Institute of Archaeology of the Jagiellonian
University in Kraków are introducing Mayology into Polish
science by discovering the secrets of the ancient town
of Nakum.

Archaeologists from the Jagiellonian University are the only Polish
research team that has been conducting excavation works in the
territories of Maya culture since 2006. They are investigating the
ancient town of Nakum located in Guatemala (Central America).
Their findings enable us to claim that this was one of the major
urban centers in a difficult moment of crisis and collapse
of Maya culture, at the end of the so-called Classic
period (about 9th-10th centuries A.D.). The
works of Polish scientists also shed new
light on the problem of origins of the
Maya culture in the lowland areas
of Yucatán.

Dancing maize god
Stones speak
Research, focusing on two
In the last few years, Polish arareas of the town – northern
chaeologists focused their reand southern parts – has
search works on the northern
brought extremely interestpart of the town, where they
ing results as early as in the
discovered two previously unfirst excavation season. “Inside
known stone blocks covered
a small pyramid (marked with
with reliefs and inscriptions. The
the number 15), we discovered
first one is a fragment of a stone
an intact royal tomb containing
altar or of a slab called a stela, with
plenty of objects. We found there a jade
a depiction of a walking human being
pectoral (breastplate – a type of jewelry
– maybe a ruler, dated to between the 3rd
made from valuable material – editor’s note)
century B.C. and the 1st century A.D. This has
with a hieroglyphic inscription mentioning the name
been the first monument of this kind, in such an
↑
One of the pyramids in Nakum
of a previously unknown Maya lord and a vessel
archaic style, found in Nakum so far. Next to it, anwith the depiction of the dancing maize god (one
other stela was found, depicting two humans facof the major Maya deities). The tomb is dated to around the 7th
ing each other, dated to the very end of the Classic Maya civior 8th century A.D.,” says Jarosław Źrałka, PhD, from the Insti- lization (9th century A.D.). This monument most likely depicts
one of the last rulers of Nakum accompanied by a high ranking
tute of Archaeology of the Jagiellonian University. “Below the
tomb chamber we have found another burial located in a stone
official, which may be proof of the beginnings of decentralizacrypt and several hundred years older than the first of the
tion of royal power in this region.
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Research work in the northern and southern parts of the city
proved that Nakum continued to develop during the fall of the
neighboring major centers, and that it witnessed an intense cultural and demographic development, which was probably connected with its location near the river that was an important
trade and communication route connecting it to other regions
of Maya culture.

ology of pre-Columbian America. It still remains unclear, though,
from which direction the first settlers arrived and how exactly this
area was colonized at the beginning of the 1st millennium B.C. Was
it colonized by communities speaking only the Mayan languages
or was one of ethnical substrates of this movement the population from the highlands of the Mexican state Chiapas that did not
use the Mayan language? The works of Polish archaeologists may
answer this and other important research questions.
Looking for traces of the first Maya
In the coming years, the scientists plan to focus on the
During the last two seasons, archaeologists focused particularly
elaboration of the results of previous field studies by performon excavation works with the goal of determining the precise
ing a detailed analysis of all artifacts discovered in Nakum
origins of Nakum and to explain when and by whom
and publishing a monograph presenting the results
it was settled and constructed. In the northof research, consisting of several volumes.
ern part of town, the team from Kraków
In April 2014, Polish archaeologists made
found traces of very developed settleanother important discovery, finding
ments and even remains of strucan extremely well-equipped roytures connected with the first
al tomb in the so-called PyraMaya, who settled in Nakum
mid X, located in the northern
and in other adjacent areas
part of Nakum. The team, suafter 1000 B.C. The architecpervised by Jarosław Żrałka,
tural relics discovered by the
PhD, and Wiesław Koszkul,
Polish team include, among
MA, will soon present details
others, a complex dated
related to this major discov700–500 B.C., which was
ery through the media.
not only a symbol of power
In Poland, Mayology is still
of the earliest elites of Naa relatively young discipline.
kum, but also a place where
This is proven for example by
important astronomic obserthe fact that the only academic
vations connected with the path
unit conducting independent exof the Sun were conducted. The
cavation works in the territory of the
results of ongoing research conducted
Maya is the team from the Institute
in Nakum shed new light on the problem
of Archaeology of the Jagiellonian University,
of the origins of the Maya culture in the lowwhose studies are “a significant contribution
lands of Guatemala and Yucatán, which still reto global achievements of Mayology” – as we
↑
Censer with the depiction of the Sun god
can read on the website www.nakum.pl. 
mains one of the major puzzles in the archae-

Research team: Wiesław Koszkul, MA; Bogumił Pilarski, MA; Katarzyna Radnicka, MA; Magdalena Rusek, MA; Jarosław Źrałka, PhD
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Mysterious flora of fortified
settlements and castles
→

of research covered archaeological objects located in the area ranging from the
Raba River through the valley of Dunajec,
to Wisłoka River. The majority of strongholds and castles were erected along the
This story began more than three thousand years ago, when the
Dunajec River, as this was the route used by the main stream
settlements scattered on the territory of Małopolska were bustling
of settlers. Probably the oldest defensive settlement among those
with life. Plants that are often not used any more were cultivated,
analyzed by Donata Suder is the fortified site in Maszkowice called
pilgrims brought seeds never before seen. Forgotten and decaying “Góra Zyndrama,” originating from the Bronze Age, whereas the
ancient fortresses, surrounded by legends, hide not only fascilargest constructions include, among others, a multi-segment
nating stories, but are also unique from a natural point of view.
stronghold with several boroughs, located in Trzcinica, known
Due to their defensive function, castles and strongholds were
as the “Carpathian Troy.”
built in places that were hard to reach: on hills and interfluves
Research work using modern tools such as GPS and datain addition to being surrounded by moats. Today, they are refuges
bases provided valuable information about the floral diversity
for animals and plants, a collection of extremely rare species
of habitats in archaeological excavation sites. Data collected durthreatened by extinction, including those connected with ancient,
ing the research were entered into a database prepared with use
abandoned areas of human activity. In the past few centuries,
of the Turboveg software. This enabled researcher to conduct
a major part of the groups of crops were no doubt plants that
numerical and comparative analyses in order to determine the
grew in the wild. Only certain species were grown
degree of floral similarity among the analyzed sites
in the proximity of houses. They were cultiin the Carpathians and in reference to other arvated on a small scale, for personal use
chaeological objects in other regions of the
only. They included both native taxa
country. The coordinates of the center
(called ekiophytes or ekiolipophytes)
of each experimental site were deand those of foreign origin (called
termined with use of a GPS satergasiolipophytes).
ellite localizer. While the application of ArcGIS 10 software on
Natural heritage
the stage of mapping the acDonata Suder, a doctoral stutual vegetation (marking plant
dent from the Institute of
communities for particular site
on the map) allowed for the preBotany of the Jagiellonian
University, decided to analyze
cise determination of the bor37 ancient and medieval defenders of numerous plant commusive objects in the Western Carnities. Specialist equipment helped
pathians. The choice of such topic
determine more than 700 vascular
was dictated by the lack of any study
plant species, including 51 protected
that was able to unambiguously verify the
species, 22 threatened by extinction and 13
floristic uniqueness of Carpathian strongholds
so-called relics of cultivation. The highest floand castles as local biodiversity centers, and that
ral diversity occurred in the strongholds: Pozna↑
would confirm the existence of a group of relchowice Górne, Zawada Lanckorońska, BraLesser periwinkle on the settlement
in Chełm. Photo by D. Suder
ics of cultivation in the Carpathians. The scope
ciejowa “Okop,” Chełm and Naszacowice as well
Ancient strongholds and medieval castles are still performing
their defensive functions, only today they protect plants
instead of people.
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as on the Castle Hill in Dobczyce, ↓
It is also a well-known herbal spice
whereas the most relics of cultivaand melliferous plant.
Relics of cultivation are plants cultivated in past
tion were found on sites in Chełm
historical periods, currently growing wild or rarely
and Marcinkowice, where, among
To save from oblivion
used. They include lesser periwinkle, sweet violet
others, a very interesting species
The doctoral thesis includes a valuand origanum, among others. Sometimes attempts are
was found – rocambole sand leek.
ation of the research objects in the
made to re-introduce the cultivation of such crops.
In the past, this plant was used as
aspect of their natural value. The
a medicine, a spice, in cooking and for magical purGrodzisko hill in Poznachowice Górne (with ruins of an
poses. Moreover, currently it has been entered
early medieval stronghold located on top of the
in the Polish “red list” of plants, i.e., an enhill) proved very valuable in comparison with
dangered species. Basing on the reother sites, as it was where the highest
search conducted, two more spenumber of protected and endancies were added to the list of relics
gered species were found, along
of cultivation – European bladwith valuable plant communities,
dernut and glabrous catmint.
such as orchid beech forests and
Both plants were cultivated
xerothermic grasslands.
in the Middle Ages, but rath“The research can be used
er on a local scale. These relin practical nature protection,
ics of crops are characterisas a basis for the determinatic for the Carpathian region.
tion of most naturally valuable
Bladdernut was considered
sites as well as in the adequate
a magical plant for centuries.
promotion of Carpathian forAncient Celts and Slavic tribes
tresses as attractive tourist destiused to plant it on graves. They
nations, which will enrich the tourbelieved it protected them from
ist offer in the region,” the scientist
evil spirits and spells. Various eleexplains. Negotiations with tourist ofments of the plant were used as amulets,
fices have already been started, which will
and rosaries or necklaces were made from the
enable everybody to follow the route of unique
seeds. While glabrous catmint, similar to its relplants. Three municipalities are interested in the
↑
ative known as catnip, was used in medicine
creation
of archaeobotanical educational paths
Cone-shaped settlement in Chrostowa.
Photo by D. Suder
as a sedative, a diuretic and a cholagogic drug.
connected with the subject of the research. 

Research conducted by Donata Suder, MSc
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Innovation and diversity
– lived religion in Ghana
→

hand, probably the most important aspect
for me as an ethnographer is to focus on
local and even personal perspectives. I am
trying to understand what it is like to live in
today’s Ghana and how the lives of Ghanaians are shaped in relation to religion,” Anna Niedźwiedź points out.
She is conducting qualitative studies attempting to reveal how the
intense transformations and global processes which affect today’s
African societies are reflected in individual biographies and everyday experiences of people.

Fieldwork carried out in Ghana by an anthropologist from
the Jagiellonian University gives us deeper insight into the
phenomenon of contemporary African Catholicism.

Anna Niedźwiedź, PhD, is analyzing the phenomenon of African
Catholicism based on materials obtained during ethnographic
fieldwork conducted in Ghana. The research project that has
been carried out since 2009 will soon result in a publication
summarizing the first stage of studies. The book entitled “Life
and Religion: Catholicism Lived in Today’s Ghana” will reveal the
connections between the lives of contemporary Ghanaian Catholics
and their religion. These connections will be discussed in relation
to the transformations of Catholicism in its global scale. But first
of all they will be analyzed in light of rapid cultural and economic
changes that are currently shaping the development of African
communities.
Global and local perspectives
In today’s dynamically changing, globalised
world the Catholic Church is an example
of a worldwide organization (and socalled “world religion”) with an established, historically shaped structure.
However, the fact that this church
is historically rooted in “Western
culture” does not mean that it
has remained unchanged. Currently most Catholics inhabit
or originate from the “global
South”. The Pope is Argentinian,
and cardinals from Africa (including Cardinal Peter Turkson from
Ghana) were mentioned among the
papabile during the last Conclave.
“I am interested in the nature of contemporary African Catholicism, in its position within the ’global Church‘, its continental
specificity and in whether the African voices are
being heard on the global arena. On the other

Dancing at a funeral
Anthropology as an academic discipline emerged as a result
of encounters with other people and from the interests in their
lives as well as from the will to hear and understand their voices.
“Ethnographic knowledge”, which is the core of anthropology, is
obtained in the course of intensive fieldwork based mostly on the
participant observation method. This method is particularly
demanding due to the fact that during ethnographic
field research the scholars are usually affected
by their own emotions, beliefs, cultural
habits and routines, as well as individual tempers or personality traits,
and simply by physical conditions,
connected for example to getting tired with a different climate
or diet.
“I remember when, during my
first trip to Ghana, I was asked to
dance at a funeral. I felt embarrassed at first. On the one hand
because I just couldn’t dance as
well as my Ghanaian peers and everybody kept staring at me as I was
a visitor ’from the outside’! But what
confused me more was the fact that I did
not understand what was going on. I could
not understand why people were laughing
↑
and dancing during a funeral ceremony. In my
Drummer during a funeral, January 2010.
culture such behavior was simply hard to fathPhoto: A. Niedźwiedź
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om… Only after some time did I come closer to understanding what
the unique, loud and festive Ghanaian funerals can be and then
I started to appreciate the deep wisdom hidden beneath many
days of celebrations,” explains Kraków ethnographer. The Ghanaians take festive, dancing funerals for granted. The only way to understand the meaning of such festivity is to have it experienced
many times: to participate in the dance, cry, laugh, and simply be
with people who share their lives and family experiences. Funerals appeared to be very important in relation to the conducted
project. Catholic funerals, which combine Christian elements
with local traditions and beliefs, have become one of the major areas of research. The author devotes a whole chapter of her
book to these rituals.

gations and churches emerge in Ghana, some of them of a very
local nature. They are often founded by charismatic prophets who
are attracting believers. Scholars analyzing the intensive development of contemporary Christianity in Africa emphasize its “pentecostalization”, innovativeness, as well as the tendency to adapt
elements of local cultures to the language of Christianity. This
is also noticeable within the Catholic Church, where charismatic movements and ecstatic practices are becoming increasingly
popular. It goes along with the inculturation process which combines traditional African symbols and beliefs with Christian dogma. One should also remember that, next to thriving Christianity,
Islam is strongly present in Ghana, as it is in other countries in the
region. There are also numerous followers of “traditional religions”
among the Ghanaians.

Mosaic of beliefs
Women and youth from the “global South”
Narrowing the scope of research to a single, specific religious deThe continuation of ethnographic fieldwork is planned for the
nomination does not mean that the project ignores the religious
nearest future. This time, research will be carried out in various
richness and dynamics characteristic both for Ghana and for the
locations in Ghana characterized by different economic, ethnic
whole of West Africa. “When walking among the houses where
I conducted my field research, for example in a typical
and religious conditions. This part of the project will particsmall town in central Ghana, one easily encounularly focus on the position of women and young
ters more than just places of traditional ritpeople in contemporary African Catholiual sacrifices and libations. There are
cism. Additionally, the events connected
also minaret towers, buildings of at
with the World Youth Day organized
least a few various Christian conin Kraków in the summer of 2016
gregations, banners advertising
will provide some new material.
prayer meetings organized at
Scholars are planning to conduct
night at the school playground
ethnographic research among
or road signs pointing to soyoung pilgrims from Africa
called prayer camps,” describes
and from the African diaspora
Anna Niedźwiedź. Apart from
who will be visiting Kraków.
the Catholic Church and nuThe project may significantly
merous other “historical Chriscontribute to the development
tian churches” present in Ghana
of methodology and theories
of Polish anthropology of religion
(e.g. Anglican, Presbyterian, Methodist and so on) a whole variety of
especially in studies related to lived
newer forms of “indigenous ChristiCatholicism. It enables the application
anity” are dynamically developing. African
of tools developed in the context of studies
Christianity is dominated by spiritual and Penon Catholicism in Poland to the reality of contecostal churches that are increasingly referring
temporary Africans. Thus, it introduces the voice
↑
to the concepts of “African tradition” and “Afof Polish scholarship into the studies of contemCorpus Christi procession, Central Ghana,
rican worldview”. Each year many new congreporary issues within international contexts. 
November 2010. Photo: A. Niedźwiedź

Research conducted by: Anna Niedźwiedź, PhD
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The Kurds – how to make a voice audible?

→

Studies of the Jagiellonian University. And still,
it is the language that is the basis for a deeper
and multi-dimensional insight into the culture
or everyday reality of people.
Knowledge of Kurdish language is the basis of the research carried out at the Section
for Kurdish Studies that was created in 2008
at the Department of Iranian Studies at the
Institute of Oriental Studies .This enabled
researchers to conduct unique studies on
Kurdish culture and social reality, resulting in the creation of a solid
base that may be used for the launch of an interdisciplinary research
project employing the experiences and knowledge of various fields
of the humanities. This will enable the scientists to explore Kurdish
reality in a manner different from the patterns reproduced so far,
which have focused on the notions of “a nation without a state,”
“minority,” “exile,” or “terrorism.”

The Kurds are one of the larger nations, with 40 million
people. They inhabit a region that currently belongs to the
territory of four countries: Turkey, Iraq, Syria and Iran.
Kurdish independence movements have always attracted
special attention to the problem of their national identity.
However, as studies and experiences of scientists from the
Jagiellonian University have shown, this is not the only
issue worth focusing on.

So far, very few research units throughout the world, mainly individual scientists, have investigated topics related to the Kurds. Due
to various reasons, the knowledge about the Kurds and their culture
that has been obtained so far is scattered and needs systematization. Moreover, the scientists usually focus on the issue of national
identity, which in the case of Kurds is a quite complex and ambiguous problem, but doubtlessly not the only one worth focus. Such
a limited area of study results in the creation of a distorted image
of this nation as a group that is constantly “fighting for
something” and has nothing interesting to offer
the world, while the Kurdish reality is actually multi-faceted and interesting.
Language as a foundation
Based on their difficult experiences, Kurdish authors discuss
numerous universal problems.
However, due to the dominant
aspect of perception of the
so-called “Kurdish issue,” they
often remain a group whose
voice is neglected and marginalized. “This also results from the fact
that knowledge of Kurdish language,
especially the two most common dialects, Kurmanji and Sorani, is still rare. If we
leave out scientists of Kurdish origin, we could
count people who speak the languages fluently
on the fingers of one hand,” explains Joanna
Bocheńska, PhD, from the Institute of Oriental

Cultural value and the opinion of the weaker
“The aim of our studies is to analyze the continuity and change of Kurdish culture and reality
in reference to ethical, literary, or social
issues,” says Joanna Bocheńska, leader
of the project and member of the
team of scientists from the Section
for Kurdish Studies. Members of the
research team also include scientists connected with the Institute
of Middle and Far East of the Jagiellonian University and with the
Institute of History of the Pontifical
University of John Paul II.
Classical and contemporary Kurdish literature became the starting point
for the project. For example, according
to Mehmed Uzun, the late Kurdish author
writing in the Kurmanji dialect, for the future
of the Kurds and Kurdistan it is essential for the
↑
Kurds and their neighbors to assign the proper
Bookshop in Hawlêr (Erbil), South Kurdistan.
value
to the cultural heritage of other, smaller
Photo: Joanna Bocheńska
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ethnic and religious groups of the region (such as, for example, the
and unique studies that are based on the analysis of Kurdish art
Yazidi or Assyrian Christians). Along with the Kurds, they became
and interviews with people who are responsible for the implementation of Kurdish cultural policy or with representatives of Christian
protagonists of his novels, such as the epic work Hawara Dicleyê
(English: The Cry of the Tiger River).
minority groups.
Deeper understanding of Middle Eastern, Muslim and, in this
Such approach is an attempt to look at the Kurds from a postcase, Kurdish culture will help this heritage achieve an equal position
colonialist point of view. Protagonists of Kurdish novels and short
in the global pantheon of literary or film achievements. Today, only
stories are often “sensitive,” “victimized” people, who are, however,
lack of knowledge and lack of will to know the “Other” prevent the
not deprived of the belief in the power of narration which, if heard
and correctly interpreted, may in turn become the key to underKurdish classic Ehmedê Xanî from being studied along with Shakestanding “otherness,” “problems,” and “transformations.” We have
speare and becoming a part of inspiring common good. The image
of inhabitants of the Middle East, perceived only through the lens
used such structure of the cognitive perspective in order to investigate not only Kurdish literature, but also the
of problems and threats, is detrimental, harmful
↓
functions of Kurdish cultural institutions. They
and dangerous, as it constitutes the basis for
fear and contempt towards others, who are “not
Centre for Kurdish Studies:
are relatively new, although their activity is one
www.kurdishstudies.pl
as wise,” “not as developed,” or “permanently
of more interesting attempts to achieve impordisabled.” We need to remember that each
tance, and thus to obtain cultural and political
rights. Another research objective will be to analyze the role of transtotalitarian regime was based precisely on depriving future
lator and translations (from foreign languages into Kurdish) in the
victims of the voice of culture. This made it easier to transform
one group in the eyes of other groups into “sub-people” who could
process of shaping the world of values and national identity.
Another subject of analyses are the relations between the
be freely managed and eliminated.
Kurds and other minorities, Christians in particular. In Iraqi Kurd“The objective of the project is team work, comparing and disistan, both the Kurds and Assyrian Christians used to be “equally”
cussing results. Interdisciplinarity, in spite of the popularity of the
prosecuted by the regime. Gaining independence by the Kurds has
concept itself, still does not seem to be particularly popular in Polish
changed these relationships to some extent. Now it is the Kurds
Oriental studies, although only the ability to create multi-disciplinary
who decide about empowerment and, as happens quite often, they
teams and the sharing of various experiences can provide a way
sometimes care about their Assyrian neighbors and sometimes they
to understand the dynamically changing reality in the Middle East,”
neglect them. Colonial politics has contributed to the emergence
Bocheńska points out.
of so-called “dominoes” in the subordination system, when the
Because to this, an extra-scientific yet essential aim from the
colonized nation became a “colonizer” with respect to minor groups.
perspective of the future of Kurdish studies in Poland, is the deThis makes it necessary to investigate the extent to which current
velopment of international co-operation, obtaining content-related
socio-political reality in Iraqi Kurdistan (which enjoys autonomy)
support of experienced research units and most of all, inviting Kurdand Turkish Kurdistan (which is still deprived of such autonomy)
ish scientists and intellectuals to cooperate. The project may also
reflects the idea of change, and to what extent it still remains
enable the Jagiellonian University to become an important center
under the influence of colonial politics, for example with respect
of Kurdish studies that will attract the Kurdish diaspora dispersed
to Christian minorities.
throughout Europe in the near future. The Kurds, and their social
and artistic activity, have become an important element of the
multicultural European kaleidoscope. It should be studied with
Confronting the dynamics of change
attention equal to the social and political phenomena connected
in the Middle East
The work of the scientists will result in systematization of knowlwith the presence of immigrants, as it is the culture that creates
edge about Kurdish culture, contemporary reality of Kurdistan,
a valuable, indispensable context for a deeper understanding of this
and the situation of Kurds inhabiting Europe. However, the
reality. Without it, we will be unable to create anything or to care
researchers focus primarily on carrying out completely novel
about our stable future together. 
Research team: Joanna Bocheńska, PhD, Institute of Oriental Studies – Project Manager; Renata Kurpiewska-Korbut, PhD, Institute of the Middle
and Far East; Marcin Rzepka, PhD, Institute of History, The Pontifical University of John Paul II in Kraków; Krzysztof Lalik, PhD student, Institute of the
Middle and Far East
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Circadian activity and plasticity
of the brain
→

Our brains surprise us with its unique properties. One of them
is the circadian plasticity. Let’s have a closer look at it from
a twenty-four hour perspective.

The brain has a clock
The team, supervised by Professor
Elżbieta Pyza from the Department
of Cell Biology and Imaging of the
Jagiellonian University, is attempting
When we learn or memorize certain information, some changes
to solve this puzzle. Research on commonly known fruit flies
in the shape of neural cells (neurons and glial cells) and the
(Drosophila) and mice has proven that changes occurring in neural
connections between them (synapses) take place in our brains.
cells of the brain throughout the day depend on the activity of the
These changes are referred to, respectively, as neural plasticity
so-called “clock genes,” and that the signal from the “internal
and synaptic plasticity. Such changes occur not only under the
clock” is transmitted to target cells with the use of special chemiinfluence of external stimuli, such as learning, but also spontacal substances – neuropeptides. They control, for example, the
neously during the day, and they persevere in spite of the lack
flow of ions through cellular membranes, which leads to cyclical
of daily changes of day and night, in so-called fixed
changes in the volume of the cells, i.e., the cyclical
experimental conditions, e.g., in permanent
neuronal plasticity.
darkness, which means that they are
Recent studies have shown that the
generated by the circadian clock.
regulation of circadian rhythms at
What does this mean? The
the level of individual brain cells
circadian clock, i.e., a group
is very complex. Not only the
of special neurons, genprimary clock (in the fruit fly
erates circadian changit consists of approximatees in various processes
ly 150 neurons, which are
in the body, also includcharacterized by an expression of the clock
ing the number of synapses and the strucgenes and spontaneture of neurons. This
ous circadian neural
means that when the
activity) works in the
body reaches the mobrain, but also circadiment of peak activity
an oscillators in some
during the day, some
glial cells of the brain
changes also take place
and in peripheral orin the brain, enabling
gans, such as, for exammore efficient reception,
ple, photoreceptors in the
transmission, and processing
compound eye of the fruit
of an increased amount of infly. Within the visual system, the
formation.
circadian rhythm of changes in the
We already know this, but we still do
volume and shape of neurons is connot know how the information from the
trolled not only by the primary clock,
biological clock is transmitted to neural
but also by endogenous, molecular oscells in the brain or how it influences the
cillators located in glial cells and pho↑
architecture and function of those cells.
toreceptors.
Imaging of the fruit fly brain using confocal microscope
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How does the clock signal reach individual
Plasticity – property consisting of the ability to maintain
neurons in the brain?
Clock neurons transmit information by means of releasing spedeformations (changes) that occurred at the moment
cific neuropeptides, which, in turn, control the activity of the ion
of the activity of a specific factor.
pump – the sodium and potassium pump, i.e., specific proteins in the cellular membrane which actively transport ions
brain become less noticeable and that they are additionof sodium and potassium through the membrane.
ally reduced by the influence of toxic substancThe sodium and potassium pump is present
es present in food, such as lead, cadmium,
in each cell, regulating numerous cellular
zinc, and aluminium, whose ions are reprocesses and the activity of the cell.
leased, e.g., from aluminium pots durAfter each change in the concening cooking.
tration of sodium ions flowing
“The studies will provide us with
into the cell, the sodium pump
knowledge about crucial genes
expels such ions from the cell,
and proteins encoded by such
introducing potassium ions
genes necessary to maintain
so the cell returns to its restcircadian neuronal and syning potential.
aptic plasticity and about cerIf the clock information
tain factors (diet, motoric acfrom the primary clock and
tivity, and toxic substances)
influencing this process,” Proother oscillators reaches the
cell, the activity of the pump in
fessor Pyza explained.
neurons and glial cells changes
In the future, knowledge
within 24 hours and is the highabout “clock genes” and factors
est during the peak activity period
influencing circadian changes in
of the body and the lowest during
neuronal plasticity will contribute to
sleep. Moreover, the circadian clock also
the development of a therapy improving
influences the level of other proteins from
the functioning of the brain and delaying
neuron degenerative processes, which
which synapses are constructed.
↑
Apart from that, it has been proven that
are characteristic of conditions such as
Studying synapses using a new transmission electron
with age, circadian plasticity changes in the
Alzheimer’s disease. 
microscope Jeol 2100

Research team: Professor Elżbieta Pyza; Jolanta Górska-Andrzejak, PhD; Grzegorz Tylko, PhD; Milena Damulewicz, PhD; Wojciech Krzeptowski, PhD;
Olga Woźnicka, PhD; Danuta Semik, PhD; Alicja Gorlich, MSc; Elżbieta Guzik, MSc; Ewelina Kijak; Joanna Strzęp; Lucyna Walkowicz
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Rebellion in the beehive

→

mother and daughter (50% relatedness).
This means that individuals who invested
in raising their sisters transferred 75%
of their genes, i.e., more than they would
transfer if they only cared about their own
offspring, enabling them to transfer only
50% of their genes. As a result, altruistic
behavior towards sisters became more
common than in other groups of animals.
In spite of numerous studies confirming
the assumptions of Hamilton’s theory, the
evolution of eusocial systems in the course of kin selection still
remains a subject of discussion, and further research on the topic
is met with wide interest.

Understanding the evolution of social systems in human
and animal societies belongs to the area of interest of economic
and sociological sciences, but also ecology and biology. While
economists and sociologists focus on the interactions between
people, ecologists and biologists are trying to understand the
evolution of these complex systems. Such an approach allows
for the testing of numerous general issues, including Charles
Darwin’s theory of evolution. An example is the research
on bee colonies conducted at the Jagiellonian University.

Eusocial systems are a form of grouping of animals, characterized
by a high degree of socialization, cooperative brood care and a division of labor into reproductive and non-reproductive groups. This
means that some of the individuals have limited reproductive
capabilities, or are sterile, and cannot transfer their genes further
along. Such systems exist in insects of the order Hymenoptera
(bees, wasps, and ants) and termites.

Swarming and rebels workers
The honeybee (Apis mellifera L.) is the best-known eusocial
insect due to its large economic significance in pollinating crops
and the production of honey. The bee family is also often used

Why is it better to take care of one’s sister?
In the past, inherited sterility on part of the individuals
in eusocial societies was used as an argument against
Darwin’s theory of evolution. However, the theory proposed in 1964 by William D. Hamilton – called kin selection theory – explains the emergence of both eusocial
systems and other types of altruistic behavior through
natural selection. Hamilton noticed that individuals can
transfer their genes not only through their offspring but
also through the offspring of related individuals. As a result, altruistic behavior towards relatives may be promoted
in the course of evolution, as the crucial element is the
effective dissemination of the individual’s genes, regardless of whether it is the individual itself that reproduces
or its relative, as a result of altruistic behavior.
In eusocial systems, among insects of the order Hymenoptera (bees, wasps and ants), a characteristic sex determination occurs: males develop from unfertilized eggs ↑
while females develop from fertilized ones. As a result,
Diagram illustrating the relatedness in a bee colony. Females (queen and workers) are marked with full circles, as they
develop from fertilized eggs and are diploid (they have two chromosomes of each type). Males (drones) are marked
the relatedness between sisters originating from a singlywith half circles, as they develop from unfertilized eggs and are haploid (they have one homological chromosome
mated mother (75% relatedness) is higher than between
of each pair). Different colors represent genes originating from different individuals. Drawing: K. Kuszewska
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to illustrate an example of a perfect society, in which the workers
and is the direct cause of the development of rebels. The absence
give up their own reproduction in order to take care of the mother
of an adult queen in the nest after the swarm has left may be
and her offspring. Research published in 2012 by scientists from
considered a factor that is sensed by larvae and causes them
to develop into rebel workers.
the Department of Environmental Sciences that presents “rebel”
workers in honeybees (M. Woyciechowski, K. Kuszewska, Swarming
On the other hand, the second explanation of the occurrence
generates rebel workers in honeybee, Curr. Biol. 22. 707-711, 2012)
of such an egoistic strategy of workers is connected with evoluis one of the studies that shows that the relations between
tionary factors. It is based on kin selection theory, which also
explains the conflicts occurring in eusocial systems.
individuals within a bee colony are not that perfect
and that conflicts and tensions between family
Before the mother-queens leave, workers raise
members exist.
their brothers and sisters, while they will
Rebels are workers raised immedihave to raise the offspring of the new
ately after swarming, which is the only
sister-queen after the swarm leaves.
way of honeybee colony multiplicaThus, future workers will have to
tion. During this time, the queen
raise their nieces and nephews to
bee leaves the home nest with
whom they are only half as related
some of the workers (the swarm)
as they were to their brothers and
and starts looking for a new nest
sisters, which means that they will
site. The other workers remain in
transfer fewer of their own genes
to the next generation. It is precisely
the nest, abandoned by the mother-queen, where they care for the
this decrease in relatedness within
developing future sister-queens and
the colony that causes the evolution
eggs, larvae and pupae of workers. It is
of rebellious strategy of workers, who
these eggs and larvae, which are tempohave already prepared for rebellion in adult
life as larvae. However, this is not the longrarily deprived of an adult mother-queen,
that develop into rebel workers whose
term state of a bee colony, as the rebels –
ovaries are better developed than in nor- ↑
like other workers – live for approximately
mal workers. In the future, this will allow
one month, while the generation of workExperimental apiary of the Department of Environmental
Sciences located in the Campus of the 600th Anniversary
them to reproduce, i.e., to lay unfertilized
ers
raised from eggs lain by the new sisterof the JU Revival
eggs from which only males (drones) will
queen develops into regular workers (who
hatch. However, rebels have poorly developed organs for the
also live for approximately a month), who take care of the queen
production of food for queen and larvae; thus, they cannot enand her offspring.
gage themselves strongly enough to raise subsequent generaEach discovery generates other questions and problems. This
tions of bees. In other words, they are egoistic workers who obis also true in the case of rebel workers. “Current research focuses
ject to the generally accepted rules of bee family functionality
on understanding the biology of rebels and their influence on the
and instead of working for the “new mother and her offspring,”
family in which they exist. Issues related to metabolism, lifespan
try to raise their own offspring.
and immunological response of rebels will be analyzed,” concluded
Karolina Kuszewska from the Department of Environmental SciConflicting interests
ences of the Jagiellonian University. So far, we still do not know
how the larvae “find out” about the temporary absence of a queen
The most interesting part of this story is the answer to the question: “Why do the larvae of workers develop into more egoistic
in the nest. Thus, further research on rebel bees will be a fascinatindividuals after the swarm leaves? What are the consequences
ing adventure, allowing for not only better understanding of the
of this process?” There are two explanations of this issue. The
biology of honeybees, but also the improvement of our perception
first proximate explanation refers to a signal that acts upon larvae
of the evolution of complex social systems. 

Research team: Professor Michał Woyciechowski, Hajnalka Szentgyörgyi, PhD, Karolina Kuszewska, PhD, Justyna Kierat, MSc, Jędrzej Pitorak
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Cuckoldry

→

Such female obviously takes a significant
risk when she decides to be unfaithful
to such an extent. If it’s so risky, what
drives infidelity in birds?
It turns out that potential partners are
divided into “better” ones and “worse” ones,
particularly in terms of their genetic quality.
Genetically better partners can transfer
It’s true – cuckoldry occurs among animals and one
more beneficial genes to their offspring (the “good
genes” hypothesis), thus providing the offspring
might even say that cheating is quite common!
While watching a pair of birds known as
with the ability to survive in adverse envi“great tits”, where the male continuously
ronmental conditions, if only through the
supports his female partner who is
improvement of physical condition or reincubating eggs, one might think:
sistance to pathogens. The female may
“This is most certainly an example
want to improve the genetic quality
of faithfulness.” Nothing could be
of at least some of her offspring,
more wrong. Scientists have been
enabling another male to become
gathering evidence of the existence
the father of some of her children
of marital infidelity in numerous
instead of her actual partner.
groups of animals for years. EvoluLooking for traces of advantationary biologists from the Institute
geous genes is not a trivial issue, as it
of Environmental Sciences of the Jagrequires the scientists to recreate the
iellonian University have also contributed
“track record of infidelity” in a population
to those studies. The Group of Population
of bird families in order to be able to identify
Ecology not only looks for examples of infidelall of the “illegitimate” hatchlings and then compare the legitimate offspring to those conceived
ity in birds; first of all the group tries to find the
↑
“out of wedlock” (so-called extra-pair offspring).
answer to the question of why it happens.
Male blue tit caught at the nest for the purposes
Such comparisons may point directly to differof collecting genetic material. Photo: S. Drobniak
ences in the “quality” of extra-pair offspring as
Disloyalty – risky or beneficial?
Without any doubts, infidelity can be costly. In birds, it is the female
compared to those that were conceived by “faithful couples.” In spite
who looks for additional partners, but by doing so she risks being
of the considerable effort required, research on infidelity in birds
abandoned and having to raise the offspring on her own as soon as
and the “good genes” that control it is carried out by a large group
the actual partner finds out that he has been cheated on. Moreover,
of scientists throughout the world.
the extra partners will not support the abandoned female in raising
The question concerning the contribution of “good genes”
offspring “out of wedlock,” either. What is interesting is the fact that
to infidelity in animals has become one of the biggest puzzles
the extent of such infidelity can often be shocking! Females of Polish
of evolutionary biology, mainly due to the evasiveness of these
bird species – such as tits, flycatchrs or warblers – can have 10–40%
genes and the difficulty in precisely measuring their effects. The
of their offspring sired by additional male partners. However, there
Institute of Environmental Sciences of the Jagiellonian University
are species such as the American tree swallow, where whole nests
is also taking steps towards solving this issue by conducting in(i.e., 100% of the offspring!) may originate from extra-pair mating.
tensive studies.
Telling someone, “Animals cheat just like people” is unlikely
to cause uproar. In fact we can all point to little cons in the animal
kingdom, to frauds that cleverly manipulate other animals, not just
those from their own species, in order to achieve their own goals.
However, if we add that we mean marital infidelity, most people
will certainly look intrigued, expecting more details.
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Eeny, meeny, miny, moe – and your Dad is…
It turns out that the answer was not that obvious. Indeed,
“The methods used in our studies are quite similar to the operhatchlings from infidelity had higher immunity but only in those
ations of a forensic laboratory. Analyzing a large wild population
nests where development conditions were adverse or stressing
of the blue tit on the Swedish island of Gotland allows us to ob- (e.g., as a result of limited amount of food or strong competition
tain information about infidelity in hundreds of birds’ nests. It all
between hatchlings in the nest). Thus, it seems that “good genes”
starts with collecting evidence of cuckoldry, which is done using
are not a simple mechanism that always influences the individuals
a small amount of blood collected from all analyzed birds: parents
in the same way. The outcome of their activity also depends on the
and their offspring,” explained Szymon Drobniak, PhD, from the
external environment. Such co-operation of “good genes” and the
Population Ecology Group of the Jagiellonian Univerenvironment is not a new idea. Not all scientists who took up
sity. Blood samples are then used as a source
research on infidelity in birds succeeded in proving
of DNA, which, in turn, through specificalthe advantage of “illegitimate” hatchlings over the
ly selected genes, enables us to precisely
rest of the offspring. This has been explained
by the fact that the environment itself “jams”
identify the real fathers of each hatchling in the given population. The family
the effects of “good genes.” “Our research
tree obtained in this manner covers
proved directly for the first time that the
more than eight hundred juvenile
environment may decide whether “good
birds and four hundred adults each
genes” will actually be ‘good,’” Drobniak
year. It proves that over 1/3 of anaconcluded.
lyzed bird families have at least one
More questions to come…
hatchling that is the fruit of infideli“Our research is only at the beginning
ty. Each young bird in the population
is also thoroughly measured and the
of its path. We continue to ask ourselves
traits connected with size or immunothe questions: What exactly are ‘good genes?’
logical resistance and condition become
Why are some versions of ‘good genes’ good
the most important. And, although searchand others bad? How do genes ‘sense’ the environing for “good genes” is so tedious that it rement in which their carriers live? The research car↑
sembles looking for a needle in a haystack, it
ried
out in the Institute of Environmental Sciences
Hatchlings of a blue tit two days after hatching.
Photo: S. Drobniak
seems likely that we have succeeded in deof the Jagiellonian University is slowly leading us
tecting traces of their activity.
towards addressing these questions,” Drobniak explained. One thing
is without a doubt – these studies have a chance to contribute not
Combination of genes and environment
only to the development of science but also to livestock farming,
The potential effects of “good genes” have been manifested most
for example in the breeding of animals, where “good genes” may
visibly in the so-called immunological response of hatchlings, which
constitute ideal goals of effective selection of desirable traits.
indicates how well the given individual copes with infections. It
This research is also a step toward a change in the perspective
was proven that, as the scientists expected, extra-pair offspring
of evolutionary biology. It should be remembered that evolution
had a stronger immunological response than those whose father
is not only about fossils or our prehistoric ancestors. Evolutionary
biology is a living field of science, which answers the most curwas the actual partner of the female. This means that the blue tit
rent questions in biology, while at the same time being applicable
females, when choosing additional partners, may “enhance” the
immunological response in some of her offspring, which will
to medicine, agriculture or genetics. The research conducted by
provide them with better ability to fight natural infections. This is
the Population Ecology Group has already reached a wide group
of recipients. “If our work gains new advocates for evolutionary
quite an important piece of information, considering the fact that
such individuals have a higher chance of survival. So, have we
biology, we will be even more proud, as such achievement is
succeeded in detecting the “good gene” effect that would provide
equally important as breakthrough publications in scientific journals,”
Drobniak concluded. 
extra-pair offspring with an advantage?
Research team: Professor Mariusz Cichoń – Team Manager; Szymon Drobniak, PhD; Aneta Arct, PhD
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Immune or stressed? This is the question

→

Viruses “wake up” during stress
For a long time the prevailing view was that
the neuroendocrine system (responsible
for the functioning of the nervous and hormonal systems) and the immune system
functioned independently. It was believed
that the neuroendocrine system, by acting
through hormones and neurotransmitters,
enables maintaining of the body balance
and influences growth and reproduction, while the immune system,
by utilizing leukocytes and regulating factors such as cytokines,
fights only with pathogens. However, increased information about
the fact that stress influences the pace of healing wounds, the
course of cancer, etc., led to these views being modified. A characteristic example illustrating the influence of stress
on immunity is the occurrence of sores caused
by the herpes virus precisely in situations
of stress, e.g., during the exam session.
This virus remains “asleep” when
stress levels are low.
However, it should be remembered that information on this issue published
in the media and online is
very often unsupported by
reliable scientific research.
The main aim of such news
is to convince potential customers that various handbooks, relaxation therapies,
herbs, aromatic oils, and diet
supplements are cure-alls for
even the most serious illnesses and will allow such customers
to maintain good health forever. Although it cannot be excluded that some
of the proposed therapies may prove valuable,
even if only by supporting conventional treatment, it
should be remembered that many of them are currently based
on unsubstantiated claims, not on actual knowledge.

We are surrounded by bacteria, viruses, and fungi. Some of them
may cause serious harm. At the same time, people and animals are
exposed to stress, which is an element of daily life. Thus, it is worth
asking about the connection between stress and immune response.
This issue is the subject of research conducted by scientists from the
Department of Evolutionary Immunology at the Institute of Zoology
of the Jagiellonian University.

Stress is often defined as a reaction of the body to each adverse
change. The occurrence of a so-called stressor, i.e., a stressing
factor, activates the HPA axis (hypothalamus-pituitary-adrenal
glands). A stressor stimulates the release of corticotropin-releasing hormone (CRH) from the hypothalamus, which in turn
stimulates the pituitary gland to release corticotropin,
thus stimulating the adrenal glands to produce cortisol. This last hormone prepares
our body for an effective response
to stress by increasing the level
of glucose and free amino acids
in the blood and by raising the
blood pressure.
Stress is not our only
concern. We are surrounded by an enormous number of pathogenic microorganisms – bacteria, viruses
and fungi – which multiply
very quickly after infecting the body. Thus, one of
the fundaments of our existence must also be the skillful fight with constantly invading pathogens. However, the
course of a specific infection is the
result not only of the functioning of the
immune system, but also depends on mutual interactions between the host, the pathogen,
the environment, and, in particular, stressors originating from
this environment.
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Are fish stressed?
What are the results of such stress?
Scientists from the Department of Evolutionary Immunology
of the Institute of Zoology of the Jagiellonian University have
been studying the influence of the neural and hormonal system on
immunity for more than a decade. They are particularly interested
in finding an answer to the question of whether factors participating in stress response, such as cortisol and adrenalin released
after stress, can influence the immunity of animals in such way
that makes them more susceptible to pathogens. Research initially
conducted mainly with laboratory mice was soon complemented
by experiments with cold-blooded vertebrates, including fish. This
approach enables the detection of evolutionarily old but important
mechanisms regulating immune response. Additionally, it has
practical value, as it might contribute to the development of a new
fish breeding strategy, in which instead of high doses of chemotherapeutics and antibiotics, the natural ability of the body to fight
pathogens will be utilized to limit animal mortality due to infection. It
is worth mentioning here that the intensification of animal breeding
results more often in excessive population density, which causes
serious stress and facilitates the spreading of infection.
The objective of the research project “Links between sensitivity
to stress and the effectiveness of immune response in fish” carried out since 2010 at the Department of Evolutionary Immunology
and financed by the National Centre of Science is to determine
whether different sensitivity to stress is responsible for varied susceptibility to pathogens and thus for varied mortality rates in carp
from several breeding lines. The project is conducted in cooperation
with the Institute of Ichtyobiology and Aquaculture of the Polish
Academy of Sciences in Gołysz and the Cell Biology and Immunology Group at Wageningen University in Holland. The first of these
centers has a unique collection of various lines of carp, differing
not only in respect to genetic structure, but also by growth rates,
survival rates, and immune response to infections, both in ponds

and in laboratory conditions. In addition, Wageningen University
is the world leader in research on immunity in carp.
The research focuses on the determination of whether changes
in levels of hormones responsible for activation of the HPA axis
(e.g., cortisol) and their receptors influence the course of the
immune response (e.g., the level of cytokines and their receptors).
The levels of all these factors are measured both in the organs
constituting the HPA axis (hypothalamus, pituitary and head kidney
(pronephros), which in fish is the equivalent of mammalian adrenal
glands) and in the organs and cells that constitute the immune
system. Scientists analyze changes in these factors both in animals
subject to stress and in infected animals, thus enabling the scientists
to determine the nature and intensity of the link between the activity
of the HPA axis and the observed immune response.
Thus far, it has been proven that carp originating from the
breeding line characterized by the highest sensitivity to bacterial
and parasitic infections (Dutch line R3xR8) also have a significantly
higher cortisol level (both in stressed and non-stressed individuals)
as compared to fish from lines characterized by lower sensitivity
to infection (carp from Polish line R2). Moreover, it has been proven
than the level of expression of genes encoding stress hormone
receptors in the hypothalamus of carp from the R2 line is lower
than that of fish from the R3xR8 line. In other words, genetic information connected with response to stress in these fish is activated to a lesser degree.
The obtained knowledge will enable us to select individuals
characterized by low susceptibility to stress and high resistance
to pathogens. This then will constitute a basis for starting innovative selection programs.
Moreover, scientists hope that the knowledge of mechanisms
that regulate response to stress and the immune response obtained
in the course of research will enable us to strengthen natural immunity in humans and to limit the use of pharmaceutical products
in the future. 

Research team from the Jagiellonian University: Magdalena Chadzińska, PhD – Project Manager; Elżbieta Kołaczkowska, PhD; Magdalena Kępka, MSc;
Łukasz Pijanowski, MSc; Małgorzata Klimek, PhD
Scientific coperation: Lidy Verburg-van Kemenade, PhD - Cell Biology and Immunology Group, Wageningen University, The Netherlands; Ilgiz
Irnazarow, PhD; Patrycja Jurecka, PhD - Institute of Ichtyobiology and Aquaculture of the Polish Academy of Sciences in Gołysz
This article is licensed under a Creative Commons License:
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Rotifers – the allies from the invisible world

→

provide nutrients for bacteria and enable
them to grow intensely. On the other hand,
protozoa, including the first of all ciliated
protozoa, amoebas and flagellates, as well
as small metazoans such as nematodes,
rotifers, oligochaeta or water bears (Latin: Tardigrada) maintain the high density
of bacteria in the phase of high biological activity by feeding on
the bacteria and mechanically crumbling the flock. All bacteria
and microorganisms in the activated sludge live in close interdependence and remain in an easily disturbed balance.

Biological wastewater treatment methods are commonly
used, effective ways to deal with the problem of liquid waste.
However, they are not free from flaws. Scientists from the
Jagiellonian University are working to eliminate one of these
issues, so-called sludge bulking.

The demand for clean water and, as a consequence, the amount
of wastewater produced is growing year after year. It is becoming
a serious threat for the natural environment and the challenge
for those responsible for water purification. Modern wastewater
treatment plants are technologically complex, automated industrial facilities that treat wastewater until it reaches a state when
it is not harmful for the environment anymore. These processes
utilize various equipment, technologies and methods, but biological methods still remain the
most commonly used, the most effective and the most environmentally
friendly. These methods are based
on the elimination and mineralization of organic and biogenic contaminants (mainly
nitrogen and phosphorus compounds) in the course of aerobic and anaerobic processes
with the participation of various microorganisms.

Problem
Filamentous bacteria, Type 0092, Microthrix parvicella, and other
common types are usually present in the flocks and,
in small amounts, in the activated sludge. As the
result of various disturbances, the quantity of filamentous bacteria may increase
rapidly and the bacteria may disseminate outside the flock. Such a situation causes a serious disturbance
in the biological treatment processes, and excessive growth of
filamentous bacteria leads to the
phenomenon of sludge bulking, which eventually affects the
functioning of the whole wastewater treatment plant. An excesPlace of action
sive amount of filamentous bacteIn a typical wastewater treatment
ria has an adverse effect on all living
plant, biological decomposition takes
elements of the activated sludge bioplace in chambers or bioreactors concenosis, leading, in turn, to a dramattaining activated sludge, which are the
ic decrease in the performance of the
essential element of the whole techwastewater treatment plant, techninological process. Activated sludge is
cal problems, insufficient elimination
↑
Flock of activated sludge full of filamentous bacteria. FISH method
a complex collection of various bacof contaminants and a threat for the
teria and microscopic organisms inenvironment and surface waters. Nowhabiting organic and inorganic particles aggregated in the form
adays, commonly used methods of preventing a mass occurrence
of filamentous bacteria consist in the construction of additional
of so-called flocks, freely floating and mixing in the aerated bioreactor. Contaminants flowing in constantly with the wastewater
chambers, also known as “selectors,” and integrating them with the

S C I E N C E P R O J E C To r

55

inermis, which are capable of eating the most common filamentous
bacteria. Further research has proven that large quantities of rotifers cultured in a laboratory and then introduced into the sludge
threatened by bulking, effectively eliminate filamentous bacteria and prevent adverse phenomena. Moreover,
rotifers are resistant to most contaminants
that are present in wastewater and they
can be artificially introduced even to
sludge in which they did not occur
previously. Promising results of
research give us hope to develop methods and incubators
that will enable mass cultures
of rotifers and their commerInnovative solution
cialization for the purposes
of limiting and/or controlling
Research conducted within the
project entitled “Control of the
the population of filamentous
bulking of activated sludge using
bacteria directly in wastewater
rotifers (Rotifera)” by the Aquatic
treatment plants.
Microbial Ecology group at the InstiThe above-described bio
tute of Environmental Sciences of the
logical method to limit activated
Jagiellonian University resulted in the dissludge bulking has been patented
covery of a biological method of controlling
in Poland and internationally. Moreover,
the population of filamentous bacteria with
it was awarded a gold medal at the 17th
use of rotifers (Latin: Rotifera). Rotifers are
Moscow International Salon of Inventions
↑
microscopic multicellular organisms that
and Innovation Technologies, ARCHIMEBulking sludge in bioreactor of wastewater treatment plant
commonly (but not excessively) occur
DES 2014. The ongoing research is exin activated sludge and any naturally aquatic environment. In the
tremely important from the practical point of view, as it addresses
course of analysis of the activated sludge samples from wastewater
the current problems and needs of wastewater treatment plants
treatment plants from various regions of Poland, the scientists
and provides them with a new method to fight filamentous bacteria
from the Jagiellonian University isolated strains of rotifers, Lecane
that is an alternative to the chemical methods currently used. 
technological system of the wastewater treatment plant or in adding chemical agents directly into the chamber containing activated
sludge. Some of the most popular agents include metal salts (aluminum, iron or copper), as well as other coagulating compounds (influencing the aggregation of particles), which, through
their activity, improve sedimentation (settling of
particles) of filamentous bacteria and thus
eliminate the effects of their mass occurrence. Unfortunately, the chemicals often kill other groups of beneficial microorganisms and protozoa.
What is more, they are not without
harm to the environment.

Research team: Aquatic Microbial Ecology Group, Institute of Environmental Sciences, Jagiellonian University in Kraków: Janusz Fyda, PhD;
Agnieszka Pajdak-Stós, PhD; Edyta Fiałkowska, PhD; Mateusz Sobczyk, MA; Wioleta Kocerba-Soroka, MA
The University of Warmia and Masuria, Olsztyn, Poland: Adam Drzewicki, PhD; Ewa Kowalska, MA
Project Implementation Unit Adjustment Water and Sewage Management in the Municipality Czechowice-Heirs: Małgorzata Pławecka, MA
The University of Barcelona, Spain: Humbert Salvadó-Cabré, PhD
Schmalhausen Institute of Zoology of the National Academy of Sciences of Ukraine, Kyiv, Ukraine: Roman Babko, PhD
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Mushrooms and their laboratory cultures
as a source of therapeutic substances
→

and jelly-ear) does not differ from that
of wildly growing ones. Numerous
studies have proven that the structure
of the composition of free and bound
amino acids contained in mushrooms
is similar to that of animal proteins.
Other groups of substances that have
been subject to detailed analysis are
numerous phenolic and terpenic compounds, vitamins or bioelements with an anti-oxidating effect.
Biologically and therapeutically active elements of mushrooms
are used in the therapy of various civilization illnesses, i.e.,
of cardiovascular diseases, diabetes, atherosclerosis and cancer.
As complex carbohydrates originating from mushrooms have
been used in oncological therapy for the longest time, they
are considered the best known ingredients of mushrooms,
in comparison to other compounds.

The number of new studies on therapeutic and nutritive
substances present in fungi is increasing year by year.
As a result of such wide interest, new scientific journals have
emerged, e.g., International Journal of Medicinal Mushrooms
and Mycoscience, along with numerous research projects.
One such project is being carried out by scientists from the
Department of Pharmaceutical Botany.

Mushrooms play a significant role both in nature and in the human
economy. For example, they make the existence of forests possible, as they transform dead matter into water-soluble inorganic
compounds that are accessible for plants. This decomposition is
an aerobic process, which is proven by such things as the characteristic smell of forest litter. It is worth noting that mushrooms
transform enormous amounts of biomass, regenerating the
natural environment without producing waste. Recently, Fungi
have been assigned to a separate kingdom in taxonomy and mycology – the area of biology devoted to them – is an innovative
discipline of science.
Therapeutic value
Due to the increasing consumption of mushrooms, both wild and cultivated ones,
the need has arisen to analyze the
substances contained in them that
determine the proper functioning
of the human body. The opinion
that mushrooms are hard to digest
and their consumption may lead
to poisoning prevails in the media,
although mushrooms are praised
for their taste and aroma. Obviously,
to be able to safely enjoy the taste
of edible species, we should pick only
those mushrooms we know well or those
that originate from commercial farms.
The nutritive and therapeutic value of cultivated mushrooms legally sold in Poland (including
champignons, oyster mushrooms, scaly lentinus

Valuable indoles
A group of compounds still only known to a very limited extent
are non-hallucinogenic indoles. They have been analyzed
in detail at the Department of Pharmaceutical
Botany. Previous research related to the existence of indole compounds in mushrooms
focused mainly on tryptophan – an
amino acid necessary for the proper
functioning of the body, obtained
from diet and constituting a precursor for the synthesis of all indole
compounds in the human organism. Considering the importance
of the indole derivatives (tryptophan,
serotonin, melatonin or tryptamine)
which are hormones or their precursors, it became necessary to determine
their content in edible mushrooms. The
following species were analyzed: Penny bun
(Boletus edulis), the parasol mushroom (Macrolepiota procera) and the Yellow knight (Tricholoma
↑
Bay bolete. Photo: J.A. Bossowski
equestre), and others. Additionally, the research
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also covered the pilei of edible mushrooms from commercial
farms: Champignon Agaricus bisporus, the jelly-ear, scaly lentinus
and oyster mushroom.
The obtained results prove that typical edible species contain
important indole compounds that act as exogenous amino
acids and hormones of the nervous system. However, as most
mushrooms are subject to thermal processing before consumption
and due to the sensitivity of indole compounds to temperature,
research was also conducted on cooked mushrooms. Scientists
from Kraków have proven that thermal processing of edible mushrooms influences the content of indole compounds. On average,
a twofold decrease of the total content of indole compounds was
noted in cooked mushrooms, although they still contain significant
amounts of tryptophan or serotonin.

ous phenolic acids was confirmed. The total content of phenolic
acids in individual species was determined and their high antioxidant effect was confirmed, which in turn guarantees anti-cancer
and anti-aging activity. All this confirms that we should focus more
on these species. It is worth mentioning that they are increasingly
used in the production of pharmaceutical products or cosmetics.

Mycelial cultures
The difficulties in obtaining research material resulting from the
temporary and often unpredictable occurrence of wild growing
mushrooms was the reason why scientists created conditions for
the development of mycelium growing in the laboratory. Laboratory
culture also facilitates control over the absorption of nutrients by
fungi. These cultures are maintained for Champignon Agaricus
bisporus, golden chanterelle and bay bolete, among others.
Phenolic compounds and tree mushrooms
The aim of the studies is to develop the best cultivation condiOther directions of the conducted research focus on
tions for the growth of mushrooms, which gather large
the analysis of phenolic compounds in edible
amounts of compounds of salutogenic properties.
mushrooms; in particular, of the predominant
The scope of analyses includes studies on the
phenolic acids. It is precisely their strong
creation of optimum conditions for mycelium
anti-oxidant effect and the ability to protect
growth by means of selecting a proper
against oxidation-related damage of vital
combination of chemical and physical
structures (cellular membranes, structural
factors. Indole compounds that are improteins, enzymes, lipids or nucleic acids)
portant for the human body were found
that contributes to their broad spectrum
in extracts obtained from cultured material,
of activity. The presence of phenolic acids
similarly as in the case of wild growing
was confirmed in the analyzed edible
and cultivated mushrooms. Laboratory
mushrooms. Species characterized by the
cultures of edible mushrooms are currently
highest diversity of phenolic compounds
also used in research on the absorption
were: bay bolete (Boletus badius), golden
and collection of selected indole com↑
pounds and bioelements. The objective
chanterelle and oyster mushroom.
Laboratory culture of bay bolete. Photo: B.Muszyńska
Numerous studies carried out throughof this activity is to obtain mycelium with
out the world point to the high therapeutic
a higher content of tryptophan and zinc,
activity of extracts and compounds obtained from tree mushrooms,
which might become a diet supplement.
commonly referred to as bracket fungi. Experimental studies have
Obtaining mushrooms that are richer in selected bioelements
confirmed their therapeutic activity. Some of the studies concern
(zinc, magnesium, iron, copper) is particularly important in the
the analysis of extracts from bracket fungi aimed at the search
phase of composing new, easily assimilated diet supplements.
Cultivating them will be the next research objective of the scienof antioxidants, with a dominant group of phenolic acids. In this
tists from the Department of Pharmaceutical Botany, which will
context, local species of these fungi were also analyzed.
Based on the analysis of the content of phenolic acids in the
be realized in co-operation with the AGH University of Science
extracts from the discussed bracket fungi, the presence of numerand Technology in Kraków. 

Research team: Bożena Muszyńska, PhD; Katarzyna Sułkowska-Ziaja, PhD
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Geography and forests – not necessarily
a “finger across the map” journey
→

about the specificity of the location where
these changes take place and about the
social and cultural context of the change.
Such changes rarely occur in a steady, linear way. They are instead of an erratic nature and are characterized by diverse spatial
patterns. For example, as a result of a difficult economic situations and population
growth, the settled and cultivated zone
in the Carpathians moved to higher elevations, from previously developed, easily
accessible, and climatically privileged areas to areas less beneficial
for human activity. “In the second half of the 19th century industry became more important and, additionally, railroads reached the
mountains, which gave an impulse for further landscape changes. For example, during the dynamic development of railroads, i.e.,
in the period from 1851 to 1885, the number of sawmills in Galicia increased from 122 to 710. This enables us to imagine the scale
of changes that occurred at that time,” explains Jacek Kozak, coordinator of the FORECOM project focusing on mountain forests.
Changes in land use are not only a domain of the past. They still
take place, but often too slowly for us to realize the effects they cause
in the surrounding landscape. Nowadays, as a result of rapid social
and cultural transformations, mainly the growing mobility of the
population, the directions of land use changes in the Carpathians
are completely different than they used to be in the past. Agriculture is no longer the main source of sustenance, and forests are still

The history of economic development can be described briefly as
subsequent stages of domination of agriculture, industry, services,
and modern technologies. This sequence has been a major factor
in shaping the changes in land use throughout the world, including the changes in forest area. If we add forces of nature, politics,
and human value systems, we will obtain the full image of complex driving forces of landscape change. Is it possible to determine
where and when each of these factors has played a major role?
Can we determine the role it will play in the future?

In ancient times, transformations of European forests were mainly triggered by climate changes. In current climatic conditions, forests should occupy nearly all of Poland. However, in the last several
thousand years, humans have reduced the area of forests, first by
expanding arable lands and pastures, and then by exploiting them
to meet the needs of the developing industry. In the last two hundred years, as a result of technological revolution and demographic changes, human influence on the landscape has increased. This
does not mean, however, that climatic changes became completely insignificant. So, what forces have influenced the surrounding
landscape? What changes and related consequences should we
expect in the near future? Geographers from the Jagiellonian
University are attempting to answer these questions through research on the changes in land use. The research mainly focuses on
the Polish Carpathians, which are a naturally and culturally valuable region with hundreds of years of history, and which are quite
a popular tourist destination. In their
work, scientists are using a wide range
of data: archive maps, old photographs,
statistical data, aerial imagery, satellite
imagery, and laser scanning.
Humans and the mountains
Land use changes are a cross-cutting
theme that extends across areas of both
environmental and social sciences.
In order to understand land use changes, they need to be examined from various perspectives. We also need to learn

↑
Zawoja, view from Mokry Kozub to the east – 1962-2009. Photo on the left: Jerzy Pawłowski, courtesy of the Archives
of Babiogórski National Park. Contemporary photo: Dominik Kaim
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more often encroaching on formerly agricultural lands. Also, newly
developed land around settlements occupies increased amounts
of area of the Carpathians. It is worth noting that many mountain
ranges in Europe are marginal areas, abandoned in the past or currently depopulating, which limits their potential future development.
Some of these regions, however, are quite affluent. Revenues generated from tourist services, for example, can support unprofitable
agriculture, with a primary aim of preserving the cultural heritage.
The Polish Carpathians will face similar developmental dilemmas
in several decades: Will they be covered mainly by poorly populated areas where forest expansion will erase the characteristic mosaic
of arable land, pastures and forests? Will these mountainous areas
be dominated by thriving, expansive tourist centers? Or, finally, will
a compromise be reached in the Carpathians to balance the needs
to preserve valuable cultural heritage, natural values, and development opportunities for inhabitants? Preliminary research results
prove that forest area in the Carpathians continue to grow. It is increasing particularly quickly in areas located in higher parts of the
mountains or on steep slopes. As Carpathian towns and villages
are simultaneously expanding, the open spaces that would allow
us to admire the Carpathian landscape are disappearing.
Priceless maps
In the course of research conducted by a team supervised by Jacek
Kozak from the Institute of Geography and Spatial Management
of the Jagiellonian University, scientists from Kraków, in cooperation with scientists from Central Europe, Germany, Switzerland
and the United States, are attempting to discover how rapid social, economic, political and cultural change have shaped the Carpathian landscape in the last two hundred years. “It is worth noting that apart from the Carpathians only few regions of the world
have such a long series of homogenous, detailed military maps
that enable a thorough analysis of the changes in land use. These
maps were created in the Habsburg Empire beginning at the end
of the 18th century and were characterized by an unusual degree
of accuracy for that period. At the same time, the analyzed area
was the theatre of two world wars, the fall and rise of new states
and even political systems during that time. All this was reflected
in changes in landscape and land use and thus influenced numerous natural processes,” Jacek Kozak states.
Another area of focus of the research conducted by the team is
the comparison of changes in forest areas in the Polish Carpathians with similar processes in the Swiss Alps, connected with an at-

↑
Comparison of the extent of forests in 1977 and 2009 on aerial
ortophotomaps, commune Budzów

tempt to forecast changes in the near future. The Alps and the
Carpathians are the largest mountainous regions in Europe. Their
height and economic potential are different, but their inhabitants
share similar problems, in particular in the context of the climate
change. Mountains are not only tourist resorts. They also (or maybe
first of all) serve as water towers for lowland areas. They are also
habitats of numerous species of fauna and flora. Forests play a key
role in both these cases. Thus, the conclusions of the research will
be of great importance for all of society, not only for people who
live and work in mountainous areas.
Forest cover change research is more than just comparing materials and drawing conclusions. Various interesting methodological aspects are also an important aspect of the studies of geographers. When comparing the location of forests in the past, in various
mountain regions, it is worth asking a series of fundamental questions: What is a forest? What used to be a forest in the past, according to various maps, surveys or statistics, versus what is a forest
now and how do these differences affect the correct recognition
of changes? What possibilities are offered by modern technologies,
for example: what additional information can be obtained observing forests in infrared light, using radar data or laser scanning? How
do modern methods of computer spatial data modeling influence
the results of the analyses, such as forecasts of future changes
in forest areas or advanced statistical models linking such changes to biodiversity? These questions refer to a fundamental issue:
To what extent can we learn about the world using such an imperfect tool as a map? These studies require not only knowledge, but
also imagination, because, as Albert Einstein said: “Logic will get
you from A to B. Imagination will take you everywhere.” 

Research team: Monika Dobosz, MSc, Eng.; Agnieszka Gajda, MSc; Dominik Kaim, PhD; Natalia Kolecka, PhD, Eng.; Jacek Kozak, PhD; Małgorzata Luc, PhD;
Krzysztof Ostafin, PhD; Katarzyna Ostapowicz, PhD; Aneta Szablowska-Midor, MSc; Mateusz Troll, PhD; Professor Zbigniew Ustrnul; Agnieszka Wypych, PhD
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Solar energy can be cheaper

One of the most important challenges for today’s scientists is
obtaining energy from alternative sources and limiting the use
of coal or gas in power plants. The research team supervised
by Professor Szczepan Zapotoczny decided to address this issue.
The aim of the work became to find a cheap, clean and efficient
method of generating energy through the improvement
of systems used in photovoltaics.

Clean sources in the form of wind or hydroelectric power plants
have to be constructed in locations that meet the relevant conditions, as they can also have an adverse effect on the environment.
Nuclear energy is associated with numerous problems,
one of which is depositing radioactive waste.
Commonly available solar energy is
still treated only as an important energy alternative, mainly due to its
limited efficiency and high costs
of transforming it into electric
energy. It is worth focusing
on creating such materials and systems whose
application will enable
us to solve the problems that are currently
limiting the efficiency
of photovoltaic cells, so
that in the future they may
become a real alternative for
conventional energy sources
or even replace them.
Electric energy from the Sun
The operation of photoelectric cells is
based on the photovoltaic phenomenon,
enabling the cells to transform the energy of sunlight into electric energy. It is a commonly used, environmentally
friendly method of generating electric energy, as it may be used
everywhere the sun is shining. The main disadvantage of modern
photovoltaic cells (solar panels), which are produced from silicon, is

↓
Photovoltaics – science
dealing with the transformation of sunlight
into electric energy.

the low efficiency of electric energy generation in relation to the
manufacturing cost of the photovoltaic cells themselves. Many
research groups throughout the world are carrying out research
on photovoltaic cells created with use of conductive
polymers – plastics that conduct electric current like metals. Relatively low production
costs, a simple manufacturing process
and the ability to create thin, elastic
panels make these polymers
the hope for popularization
of photovoltaics. The disadvantage of such photoelectric cells is still their
low maximum efficiency
of transforming solar energy into electric energy.
It amounts to 8%–10%
(this is the percentage
of solar energy that is
successfully transformed
into electric energy; the rest is
lost as it is transformed to heat,
which is undesirable in this case)
and it is lower than in conventional
semiconductor (silicon) cells produced
commercially (15%–20%).
Give a direction to the flow of electrons
Charge carriers created in photovoltaic cells under the influence
of light have to be transported to the relevant electrodes in order
to generate voltage and let the electric current flow. In conventional
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A.
photovoltaic cells, the generated carriers have either too long a way
to go or they move in various directions, ultimately never reaching
the electrodes. Such a disadvantageous flow of carriers causes
a significant reduction in the efficiency of the transformation
of solar energy into electric energy. Within the conducted research,
scientists from the Jagiellonian University propose to replace
conventional structures of photovoltaic cells (images A and B
in the illustration) with a regular arrangement of conductive
polymer brushes (image C) that are capable of directing the
transport of charge carriers.
Everybody has a toothbrush, hairbrush or clothes brush at
home. These are macroscopic objects, whose counterparts can
also be found in the nanometric world (one nanometer is one onemillionth of a millimeter). Polymer brushes are materials consisting
of a surface to which single polymer chains are attached with one

B.

C.
↑
Diagram showing various types of solar cells (panels): A – simplest two-layer
arrangement, B – system consisting of two components mixed in the whole
volume (bulk heterojunction), C – regular arrangement containing conductive
polymer brushes

end – like fibers in a toothbrush. “Our material is an innovative
solution on a global scale, as for the first time we succeeded in obtaining regularly arranged polymer chains capable of conducting
electricity, attached to a gold metal surface. The brushes created
in our laboratory are characterized by high conductivity, comparable
to that of metals,” explained Professor Zapotoczny.
These new polymer brushes will be used for the construction
of a photoelectric cell. Due to the minimization of the loss of generated electricity, it should be characterized by high efficiency while
maintaining a low cost and an easy manufacturing process. 

Research team: Szczepan Zapotoczny, PhD – Project Manager, Michał Szuwarzyński, PhD, Karol Wolski, MSc
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Through the skin to the target

Human skin is an organ having total surface area of approximately approximately 40–150 cases per 100,000
1.8 m2 and which constitutes a barrier protecting an organism from inhabitants. Most cases occur in young
physical and chemical factors. Weighing in at roughly 4 kg, human people aged 20–40 years. These two prerequisites and the lack of a fully effective
skin plays an important role processes such as thermoregulation
MS therapy led to the attempt to develop
and immune mechanisms. The latter issue is the focus of research
a new method of treatment of this illness.
conducted by scientists from the Department of Medical Biology
Test results confirmed the efficacy of the
of the Faculty of Health Sciences.
new, needle-free therapy.

For many years, skin has been treated as a place in which it is relatively easy to evoke an immune response, yet scant attention has
been paid to the possibilities to use this organ to block immunity.
Research carried out for over 10 years by a team supervised
by Professor Marian Szczepanik from the Department of Medical Biology of the Jagiellonian University has proven that
treatment of the skin with an antigen (a substance which causes immune response
in normal circumstances) enables
the suppression of undesirable
inflammatory responses, not
necessarily connected to the
skin itself. Such inflammatory responses occur, for
example, in mice suffering
from contact dermatitis
and autoimmune diseases such as autoimmune encephalomyelitis, collagen-induced
arthritis, and ulcerative colitis, i.e. diseases
in which the body attacks
its own tissue as a result
of the incorrect functioning
of the immune system.
Observations made during tests
on animals became a starting point for
initiating clinical trials in a group of patients
suffering from multiple sclerosis (MS). The frequency of incidence of MS in Europe and in the United States is

To respond or to remain silent?
In order to better understand the nature of this discovery, one
has to realize that when our body comes in contact with microorganisms, the task of the immune system is to create mechanisms that will enable it to fight off the invader’s attack. However,
it is worth noting that the immune system is programmed
in such a way that prevents it from responding
to own antigens and neutral antigens, e.g.,
those present in food or constituting
an element of own bacterial flora.
Such a situation of ignoring neutral antigens was observed for
the first time on the mucous membranes layering the inside of the gastrointestinal tract. It was
noticed that administering the antigen orally,
apart from evoking a local immune response on
the mucous membranes,
caused a state of inhibiting the immune response
in peripheral parts of the
body, such as the skin and the
nervous system. The observed
phenomenon was tested, for example, in models of autoimmune diseases.
Unfortunately, the results of tests on animals
did not translate into practical applications when the
efficiency of blocking immune reaction was tested in humans.

S C I E N C E P R O J E C To r

photo Jan Zych

→

63

Immunosuppressants, the aim of which is to block the harmful reaction of the immune system to own antigens, are widely
used in the therapy of autoimmune diseases originating from the
improper reactions of the immune system. The disadvantage
of therapeutic means currently used is their non-specific influence
on the immune system. This results in the fact that, in addition
to blocking the response to own antigens, the immunity to other
antigens, such as antigens of microorganisms, is also depressed,
which may lead to the development of serious infection. It is also
worth noting that patients treated with such immunosuppressants are more prone not only to infection, but also to cancer.
Thus, the development of a new, efficient, and at the same time
specific (targeted only against harmful immune response to own
antigens) method of treatment of autoimmune diseases is an
essential challenge for modern medicine.
Cheating the immune system
“The possibility to block the immune response through administering the antigen to mucous membranes suggested that, due to the
functional similarity of the skin and mucous membranes, it is also
likely that it will be possible to block the immune response by
applying the antigen onto the skin. This gave me hope to “cheat”
the immune system,” Professor Marian Szczepanik explains.
Tests involving a non-invasive method of blocking the immune response to own antigens and allergenic substances
were started by a team led by Professor Szczepanik at the beginning of 1999. The results of studies on the model of contact
dermatitis in mice proved that the application of antigen onto
the skin (administered in form of a gauze dressing, also called
a patch) strongly blocks the undesirable inflammatory reaction. Specialized immune cells – T lymphocytes – play the key
role in this type of inflammatory reactions. These immune cells
are also responsible for inflammatory reactions in autoimmune
diseases. “This is why, in further stages of our research, we attempted to evaluate the efficiency of the method of counteracting harmful inflammatory reaction in models of autoimmune
disorders in animals, such as multiple sclerosis, rheumatoid arthritis and ulcerative colitis. Promising results of tests on animals encouraged us to take attempts aimed at analyzing the
efficiency of this method in a group of patients suffering from
the diseases listed above,” explains the head of the Department
of Medical Biology.

Drug in a patch
Professor Szczepanik has been cooperating with Professor
Krzysztof Selmaj of the Clinic of Neurology of the Medical University in Lodz for many years, so they both started working together on the application of the results of tests on animals in clinical
practice. Clinical trials were conducted with a group of patients
suffering from MS, which is a chronic disease of the central nervous system, the brain, and the spinal cord. The exact cause of this
disease remains unknown, although it is known that the underlying basis for MS is the improper response of the immune system to myelin proteins. This substance is produced by cells surrounding neural axons. Damage to the myelin which insulates the
neural cells causes disorders in neural conductivity, which in turn
leads to neurological symptoms including balance problems, visual impairment, numbness, and stiffness of muscles.
Clinical trials consisted of the application of myelin antigens
on the skin in the form of a gauze dressing. The substance was
administered for a period of one year. This led to a significant
improvement in the patients’ health. A decrease in the number of exacerbations was observed, which was confirmed by
clinical tests and magnetic resonance imaging (MRI). It is worth
noting that this method of counteracting an undesired immune
response does not lead to any adverse effects.
The antigen applied on the skin in the form of a gauze patch
is captured by specialized cells present in the epidermis, the socalled Langerhans cells. These cells transport the antigen to the
lymph
23nodes,
pt where the immune response develops. In the case
analyzed by the scientists, it turned out that, instead of T cells
that are able to destroy myelin, T-cells were created that were
capable of blocking the undesired immune response in the central nervous system. The application of an antigen in the form
of a patch has a very selective effect, i.e., it refers only to T lymphocytes responsible for the disorder, yet it does not affect other
cells performing defensive functions in the body.
The developed method met with great interest in scientific
circles throughout the world. It was called the “magic bullet”
thanks to its unique ability to precisely destroy undesired immune response without affecting the remaining parts of correctly functioning immune systems. This was confirmed by the
publication of the test results in the prestigious journals “Annals
of Neurology” in 2010 and “JAMA Neurology” in 2013. Clinical trials
will be continued after obtaining necessary funding. 

Research team (employees of the Department of Medical Biology): Professor Marian Szczepanik; Monika Majewska-Szczepanik, PhD; Katarzyna Marcińska, PhD
Former team members: Professor Włodzimierz Ptak; Maria Ptak, PhD; Krzysztof Bryniarski, PhD; Monika Tutaj, PhD; Magdalena Zemelka-Wiącek, PhD
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Group B Streptococcus –
an enemy waiting for newborns
→

In order to prevent the occurrence
of infection in newborns, pursuant to the
recommendation of the Polish Gynecological Society, women in their third trimester
of pregnancy should undergo a test aimed
at determining the presence of these bacteria in the reproductive tract and anus.
Treatment during pregnancy is not reIn recent years, a significant increase in infection caused by these
commended, because soon after the medication is discontinued,
streptococci has been noted in European clinics, including those
the bacteria re-enter the body, are ingested with food, and recolin Poland. The frequency of infection in newborns, depending on
onize the digestive tract; in pregnant women, this includes recolthe analyzed population, ranges from 0.2 to 2 cases out of every
onizing in the reproductive tract. If the test result is positive, the
1000 live births, reaching the level of 6.6 cases in every
patient receives an antibiotic during labor to prevent the
1000 live births in infants born prematurely.
newborn from developing infection.
Another reason for concern is the fact
Unfortunately, there are many instancthat resistance to antibiotics among
es in which such prophylaxis proves
these bacteria is increasing, which
insufficient. Considering its limitresults in the treatment’s low
ed efficacy, the best long-term
efficacy rates.
solution would be vaccination.
However, in spite of intense
How to win
research being conducted
by research teams around
the battle?
Group B streptococcus
the world aimed at deis referred to as GBS, its
veloping an effective vaccine, we still do not have
acronym in English. The
only representative of
a ready product. This is a
this group is Streptococresult of the streptococcus agalactiae. It belongs
ci itself: its ability need
to human natural flora and
to adapt to changeable enusually exists in the digestive
vironmental conditions reand reproductive tracts (on avsulted in its unique capability
erage, in 10%-30% of tested indito adapt and change its genetviduals). These bacteria may cause
ic material.
dangerous infections in both the fetus
The genetic variability of strepand in newborns, infections that can be
tococci, often connected with the given
fatal. Another result of their activity is
geographical region, is the key problem for
↑
selecting suitable components used in creinfection in women in the postpartum
Direct vaginal smear preparation colored with the Gram
period, in elderly people, and in patients
ating an effective vaccine capable of prostaining method. The image shows an epithelial cell, group
B streptococci (small cocci colored purple), immune cells,
suffering from limited immunity (immutecting the entire population of patients inand other elements of the physiological flora of the female
reproductive tract. Photo: M. Brzychczy-Włoch
nosuppression).
stead of a small fraction.
There is a certain microorganism called Streptococcus agalactiae
that lurks in the reproductive tract yet does not present any
symptoms of its presence. However, it constitutes a fatal threat
to newborns. The need to scientifically analyze it remains
important, as this microorganism occurs on average in one
of four pregnant women.
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Enemy better known
Research on group B streptococcus has been conducted at the
Department of Microbiology (the Jagiellonian University Medical
College) for 10 years. It was initially conducted within a project of the
Ministry of Science and Higher Education. The research was then
financed with funds from the National Centre for Science. “The results of the conducted research enabled us to obtain knowledge
about the epidemiological situation and the frequency of colonization with these pathogens in pregnant women and newborns
in the Kraków region. They also became an inspiration and a starting point for the development of Polish recommendations aimed
at the prophylaxis of GBS infections in newborns. Moreover,
the conducted molecular analyses made it possible to prepare
very detailed characteristics of an enormous collection of group
B streptococci obtained both from carriers and from newborns
and adults in whom infection developed. This in turn enabled us
to obtain comprehensive knowledge about group B streptococcus and to compare the collected data with the results obtained
in clinical and academic centers in Europe or in the United States,”
Monika Brzychczy-Włoch, PhD, of the Department of Microbiology, explains. When seen in the context of the intensive work undertaken by scientists around the world to create a modern vaccine that protects against infections caused by GBS, the results
obtained by scientists from Kraków seem unique not merely on
the national scale.
For three years, microbiologists from the Jagiellonian University Medical College have been conducting research on the proteins present in streptococcus cells. These proteins are capable
of stimulating the human immune system to produce antibodies
targeted against these bacteria. “Our group is the only team in Poland and one of a few teams in the world conducting research
on group B streptococci and their immunogenic proteins. In the
course of our work we marked several proteins that are characteristic for group B streptococcus and occur in the whole species, regardless of the extremely high genetic variability of these

bacteria. What is equally important, they are capable of strongly stimulating the immune system. The application of these proteins as elements of the anti-GBS vaccine seems very promising,” Brzychczy-Włoch points out.
Detection first!
Rapid diagnosis aimed at detecting carriers and infections caused
by GBS guarantees immediate implementation of the targeted
prevention or treatment. Currently, however, no quick diagnostic
tests are available that would confirm the infection was caused
by Streptococcus agalactiae. Traditionally used diagnostic methods are based on the culture method, the results of which are
characterized by low sensitivity and long wait periods (up to several days).
During our studies on innovative tests aimed at the detection of GBS carriers and infections, the team from the Department
of Microbiology developed a molecular method that allows for the
simultaneous determination of several markers that are important
for epidemiological studies and the diagnostics of group B streptococcus. Another development is an innovation already submitted for patent protection at the Polish Patent Office. It concerns
a new diagnostic test that enables GBS infection to be confirmed.
It is based on the specific reaction between selected proteins present in group B streptococcus with antibodies existing in the serum of patients. These tests constitute an alternative to tests currently used in detecting carriers of group B streptococcus, thus
allowing
for the extension of diagnostics in the event of occur23 pt
rence of infection.
Further research on group B streptococcus and its proteins
and binding epitopes are being conducted at the Department of Microbiology in cooperation with the Institute of Immunology and Experimental Therapy of the Polish Academy of Sciences in Wrocław
and the Centre for Innovation, Technology Transfer and University
Development, which is looking for entities interested in the commercialization of the obtained results. 

Research team (Department of Microbiology, Jagiellonian University Medical College): Monika Brzychczy-Włoch, PhD; Tomasz Gosiewski, PhD;
Professor Piotr Heczko; Małgorzata Bulanda, PhD
Research partners from Institute of Immunology and Experimental Therapy of the Polish Academy of Sciences in Wroclaw: Sabina Górska, PhD;
Ewa Brzozowska, PhD; Professor Andrzej Gamian
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Sweet path

→

biguous answer to this question has not
yet been found.
Research evaluating the influence
of glucose concentration on brain development in premature infants is conducted
at the Pediatric Clinic of the Jagiellonian
University in Kraków Medical College, with
the use of a continuous monitoring system
that enables measuring the glucose concentration in extracellular
fluid. The sensor of the monitoring system is placed in the subcutaneous tissue of the thigh. The sensor is covered with an enzyme, which enables an electrochemical reaction of glucose oxidation. The product of this reaction is an electric signal, and the
resulting voltage, proportional to glucose concentration, is recorded
in the memory of the monitoring device. Measurements are taken at five-minute intervals, for the first six days of the newborn’s
life. During this period the risk
of glycaemic disorders (i.e., those
related to glucose concentration
in the blood) is the highest. The
application of this method has
reduced the number of blood
samples collections for analysis.
It also enables to start immediate treatment in the cases of excessive increase (hyperglycaemia) or decrease (hypoglycaemia)
of glucose concentration.

The progress in neonatology gives a vast majority of children born
prematurely not only a chance to survive, but also the possibility
to develop properly and to fulfill their dreams. However, in spite
of significant improvement, the development of extremely
premature infants born before the 28th week of pregnancy,
who often weigh less than 1000 grams, is still at risk.

The risk of impaired development of the central nervous system
is highest in prematurely born infants. One of the essential factors
influencing the development of a premature infant’s brain is the
proper glucose concentration in the blood.

Glucose – the golden mean
Glucose is a monosaccharide (simple sugar) whose level of concentration in the blood is strictly regulated by hormones, including insulin and glucagon. Immature hormonal mechanisms
and scarce resources of this organic compound accumulated
in fetal life often result in fluctuations of the glucose level in premature babies.
Glucose is the main source
of energy for nervous cells. Glucose deficits lead to their necrosis and permanent brain damage.
However, low glucose concentration in the blood of premature infants often does not give any clinical symptoms although it causes
damage to the brain. On the
other hand, too high a concentration of glucose may lead to brain
haemorrhage or dehydration.
Which methods should be applied
for the purposes of determining
glucose concentration in premature infants? This issue has been
↑
discussed for years, but an unamTractography showing the course of corticospinal tracts in an infant born prematurely

One test,
many possibilities
The development of medical
technologies allows for an indepth analysis of the processes occurring in the brains of our
youngest patients. The assessment of brain development
in premature infants is carried
out with use of the most accurate
imaging technique – magnetic
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resonance imaging. This method not only enables us to assess
of their children in the study after receiving information about the
safety of the performed procedures. We are grateful for their
the development of the brain, but also shows the direction
and continuity of neural fibers. It enables us to track
trust in us and for their consent to participate in the
neural connections, including those responsistudies, as it contributes to the development
of medicine,” emphasized Mateusz Jagła, MD,
ble for the transmission of signals from the
cerebral cortex to the spinal cord. Damage
PhD, a member of the team of scientists
to these pathways is one of the causes
working on the issue.
of infant cerebral palsy. The determiNewborns are randomized to one
nation of the direction of their course
of two groups differing by the target
does not require the use of contrast,
range of glucose level. A narrower
as it is based on the phenomenon
range is maintained in the first group
of fractional anisotropy. This phewhile a wider one is kept in the secnomenon uses the preferential poond one. On the due date of delivery,
sition of water molecules in a strong
standard magnetic resonance imaging
magnetic field, which is consistent with
tests of the brain are performed, along
the course of pathways of white matter, i.e.,
with tractography (the analysis of the
of one of the elements (along with gray matcourse of neural fibers) and an assessment
ter) of the central nervous system. Processing
of psychosomatic development. Monitoring
of the obtained data enables us to create a spatial
of various areas of development of the tested
↑
map of neural connections in the brain.
children is also planned. The comparison of reElectrode monitoring glucose concentration
Additionally, early detection of brain damage
sults obtained in both study groups will enable
in subcutaneous tissue
in newborns allows for the implementation
us to determine safe levels of glucose concenof rehabilitation programs, which may significantly improve the
tration in infants born prematurely. In 2013, the first year of the
child’s development, as they are based on the phenomenon
realization of this project, tests were performed on 35 infants
of brain plasticity.
born prematurely, which accounts for nearly half of the planned
Newborns born before the 32nd week of pregnancy, with a birth
number of participants. The research is supported from the funds
weight under 1500 grams are eligible for the study. “The study protoof Nutricia
23 ptResearch Foundation, and their results will be analyzed
col has been approved by the Ethics Committee of the Jagiellonian
in 2014. Further studies assessing the children’s development are
University, and parents express their consent for the participation
scheduled for subsequent years. 
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Saving preemies
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Moreover, the test enables us to assess the
filling of the heart with blood and to evaluate the contractility of the heart muscle. These two elements determine the
amount of blood pumped by the heart
to the arteries in the body. Additionally,
ultrasonographic examination of organs
such as the kidneys, the bowels, and the
brain enables us to determine the velocity of blood flow through
arteries that supply blood. By evaluating the rate of blood flow, we
are able to estimate the perfusion of these organs.
Although echocardiography and ultrasonography have been
used for many years, critical blood flow parameters (i.e., parameters that are very likely to lead to ischemia of the organs
and severe, long-term complications if exceeded) have yet to be
determined. This refers not only to the values characterizing the blood flow determined in the
echocardiogram, but also to such simple
parameters as arterial blood pressure.
The estimation of threshold values
of blood flow parameters would
enable us to recognize the
threat of ischemia early
and to introduce appropriate treatment before
permanent complications
occur.

Premature births and the resulting complications are some of the
most common health problems in newborns. If a baby is born
before the end of the 37th week of pregnancy, its organs are
not fully adapted to life outside the womb. This causes a series
of problems connected with breathing, feeding, and maintaining
body temperature.

Premature babies also often have problems with the cardiovascular system. Blood perfusion is vital for the proper functioning
of every organ and system, so decreased arterial blood pressure
may cause damage to the kidneys, bowels, and brain. Complications involving these organs may influence the future life of the
child, resulting in permanent damage and, in the most severe
cases, even in death.
Target: cardiovascular system
Evaluating the functioning of the cardiovascular system is an essential part
of treating the smallest patients
in newborn care units. Evaluation is based on simple elements of a medical examination: assessing skin colour,
measuring heart rate,
and analyzing indications
of monitoring devices (cardiac monitors and pulse
oximeters – equipment
that monitors, respectively,
heart activity and blood oxygenation). The most accurate
insight into the operation of the
cardiovascular system is provided
by echocardiography. This test enables us to examine – in a non-invasive
way, without penetrating the child’s body
–the heart’s anatomy and to exclude the
presence of congenital defects that may
lead to severe blood circulation disorders.

↑
Preemie with a birth weight of 360 g, photo: archives of Piotr
Kruczek, published with consent of the child’s legal guardians

Critical values
The Neonatal Intensive
Care Unit of the Children’s
Hospital of the Jagiellonian
University Medical College is
a third-degree care reference
center, which means that it employs
personnel and equipment qualified
to provide the highest level of care for
the sickest children. Approximately 450
newborns transported from hospitals
in southeastern Poland are hospitalized
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here annually. About one-third of them are babies born premaborn infants, performing them at precise time intervals, pursuturely. Cardiovascular function disorders have been the subject
ant to a pre-determined protocol, enables us to collect reliable
of research conducted at the clinic for many years. The unit has
information of a scientific value. “The study currently involves
two modern ultrasonographs available around the
sixty children, and we are planning to increase this
clock. All specialists working at the unit perform
number to a hundred newborns. The obtained
results will be confronted with the compliultrasonograms and cardiac echo tests.
cations occurring in individual patients.
Since January 2013, a comprehensive
observation-based study has been conThe application of statistical analysis
ducted at the unit, involving the determethods and innovative mathematimination of blood flow parameters
cal techniques will allow us to deterand their critical values most likely
mine the most important paramto result in severe medical complicaeters characterizing the blood flow
tions if exceeded. The study involves
and their critical values,” explains Piotr
children born before the 33rd week
Kruczek, MD, research coordinator.
of pregnancy and with a birth weight
Together with the head researcher,
below 1500 grams. Ultrasonogram tests,
Piotr Szymański, MD, they hope that
which evaluate blood flow in the main blood
the conducted works will allow for a betvessels of the body and in the arteries supter understanding of the role of cardiovascuplying blood to the kidneys, bowels and brain,
lar disorders in causing prematurity-related
are performed in the 1st, 2nd, 3rd, 5th, 7th, 10th,
complications and that the results will enable
↑
guidelines for treatment of prematurely born
14th, 21st and 28th days of life. While such tests
Sensor of pulse oximeter on the foot of a small
babies to be developed. 
are an element of routine care of prematurely ↑ patient. Photo: © Stratum | Dreamstime.com

23 pt
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Sepsis – microscopic invader in the blood
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method of diagnosis was taking blood cultures to grow the microorganisms (bacteria or fungi) causing the infections from
the blood sample. Unfortunately, this procedure, although common throughout
the world, does not allow for the detection of the microbiological pathogen in as
many as 60% of the cases, in spite of the presence of sepsis. This
type of analysis is limited by the sensitivity of the culture method.
Another problem is the time needed to obtain laboratory test results – in extreme cases the results are only available after a week
from the date of sample collection, which is definitely too long for
a dying patient.
The application of methods based on the detection of the DNA
or RNA of microorganisms directly in the blood of patients with
symptoms of sepsis provides a chance to eliminate these hindrances. At present, there are
only three commercial tests available on
the market that use genetic methods, allowing for the confirmation of the presence of several
or more than ten most likely species of bacteria or fungi. This does not satisfy the
needs connected with the
diagnosis of the infection,
because these tests are
designed to detect a panel
of the microorganisms that
are most commonly found
in the blood. Thus, a negative
result does not guarantee that
there really are no pathogens. Thus
the reason why further research on
this issue is needed.

The words “sepsis” or “septicaemia” continue to appear
in newspaper headlines and are repeated by journalists causing
shivers of terror for masses of readers, listeners and viewers.
Both terms mean the same, i.e., an infection of the whole body,
spreading in the bloodstream.

However, this does not mean that we are all in danger of sepsis. The
human body is exposed to the influence of millions of microorganisms every day, but this does not cause a systemic infection, as our
immunological (immune) system is still active. Sepsis is caused
by pathogens such as bacteria, or (more rarely) fungi. It occurs
when the human body is weakened (e.g., devastated by cancer,
HIV infection or chronic diseases such as untreated diabetes, etc.)
and is unable to effectively defend itself from the microorganisms
that penetrate into the bloodstream, e.g., during
surgery or after an infection. Unfortunately,
sepsis is fatal for many patients, in spite
of treatment in intensive care units
and the application of a whole
array of antibiotics. Every year,
approximately 750,000 people
in the U.S. suffer from sepsis
and it is the cause of more
than 215,000 deaths. Surprisingly, 146,000 patients
die from sepsis annually
in the European Union.
Uncertain tests
In order to give the patient
a chance to fight the infection,
it is necessary to find out if sepsis
was caused by a microorganism and
then to determine the type of this microorganism. Such information enables
the physician to introduce an appropriate therapy using antimicrobial drugs
and thus increase the chance of survival. For many years, the only available

↑
Image from a fluorescence microscope obtained with use of the FISH
method on whole, venous blood. Visible Escherichia coli bacteria – EC
probe was used, magnification 1000x

Only six hours
Research aimed at the development
of innovative diagnostic methods used
in microbial infections has been con-
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ducted at the Department of Microbiology (Jagiellonian University
in Kraków Medical College) since 2010. The project was financed
from a grant from the National Science Centre (NSC). “At the moment we already know how to detect bacteria and fungi directly
in blood samples taken from patients with symptoms of sepsis
without the need to conduct a time-consuming culture process.
The method developed allows for the detection of infection
in the blood within six hours from taking the blood sample. We
have two types of methods: one enables us to visualize microbial
cells in the blood sample with use of a fluorescence microscope,
or FISH (Fluorescent In Situ Hybridization), and the other, known
as PCR (Polymerase Chain Reaction) is based on the amplification
(multiplication) of DNA marker fragments of microorganisms
in the genetic material isolated from a sample of the patient’s
blood,” said Tomasz Gosiewski, PhD, who coordinates research
on fast methods of diagnosing sepsis.
The sensitivity of the FISH method enables the confirmation
of the presence of microbial cells in blood if there are at least
1000 such cells in 1 ml of blood, while PCR enables detection on
the level of 100 cells/ml. The cost of conducting a test using the
FISH method is approximately three times lower than that of the
PCR method. This results from the specific features of the analysis
as it does not require the use of enzymes to multiply the DNA
of microorganisms in vitro, which is necessary to confirm their
presence. Both methods enable the differentiation of the detected
microorganisms into Gram-negative and Gram-positive bacteria,
yeast and mold fungi, i.e., into groups covering all pathogenic species
of bacteria and fungi. This information enables the doctor to use
more targeted antibiotic treatment.

The methods developed have been presented in specialized
English-language journals (e.g., “Current Microbiology”, 2014,
or “BMC Microbiology”, 2014) and during local and international
scientific conferences (e.g., 23rd European Congress of Clinical
Microbiology and Infectious Diseases, Berlin, Germany, 2013).
Moreover, applications for patent protection of the PCR analysis
in Poland and abroad have been filed. Further development
of the methods that will allow for detection of specific species
of bacteria and fungi and to detect resistance to antibiotics is also
possible. This will make it possible to eliminate ineffective treatment right from the start. 
Porównanie trzech metod analitycznych
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Comparison of the effectiveness of detection of microorganisms.
Tests were conducted on 102 blood samples taken from patients with
symptoms of sepsis. Comparison of three analytical methods

Research team (Department of Microbiology, Jagiellonian University Medical College): Tomasz Gosiewski, PhD; Monika Brzychczy-Włoch, PhD;
Małgorzata Bulanda, PhD; Agata Pietrzyk, PhD
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Oxygenation maps of tumors
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lonian University’s Faculty of Biochemistry,
Biophysics and Biotechnology.
Molecular oxygen is present in all cells
of our bodies. It is a paramagnetic, as it
contains unpaired electrons and thus in the
presence of a magnetic field it behaves like
a small magnet. If there is another paramagnetic molecule in the proximity of an oxygen
molecule, they will interact with each other. This phenomenon
enables us to detect oxygen with the use of electron paramagnetic
resonance spectroscopy (EPR). This method allows us to “see”
molecules with unpaired electrons. Similarly to the magnetic
resonance method, for the test to be effective, the object has to be
placed in a magnetic field. Moreover, just like magnetic resonance
imaging, EPR also enables us to obtain three-dimensional images
of living objects. The introduction of a non-toxic probe into the body
and recording its signal in a three-dimensional reference system
leads to the creation of spatial oxymetric maps (showing the
concentration of oxygen in specific parts of the body). This approach
is used by several groups of scientists working on non-invasive
oxymetric imaging of the heart, brain, tumors and other tissues.

Since the early days of medicine, doctors have wanted to look
inside the human body in order to understand the functioning
of the internal organs and to find ways to treat their disorders.
Today, this dream has come true – we are able to know the
detailed structure of internal organs. Is there a need to develop
any other new imaging techniques?

Ultrasonography enables future parents to watch the features
of their baby’s face even before it is born. Radioisotopes and PET
(positron emission tomography) imaging allow us to detect the
location of cancer metastases throughout the body. We have a wide
range of non-invasive ways to collect information about the inside
of the human body at our disposal. Is it necessary to constantly
search for new, even more advanced diagnostic techniques?
Important phenomenon: hypoxia
One of the fields where such need still exists, in spite of the
achievements mentioned above, is oncology. As a result of a high
level of metabolism and a pathological, incapable network
of blood vessels, cancerous tumors suffer from lack of nutrients
and oxygen. Insufficient level of oxygenation (hypoxia) of cancerous tissue impairs the tumors’ response to therapy. Hypoxia also
leads to more aggressive behavior of the tumor – it enhances the
survival capability of cancer cells, their ability to adapt to difficult
conditions and to create metastases.
↓
Hypoxia is a term describing an insufficient
level of oxygen in the tissue, which usually
arises due to inadequate oxygen supply.

“My fascination with oxygen started in the seventh grade,
when I read a small, popular science book about the functioning
of mitochondria. It described how the electrons jump between
subsequent elements of the breathing chain, ending at molecular
oxygen. This molecule, which is fundamental for life, is the subject
of my research today,” says Martyna Elas, PhD, from the Jagiel-

↑
Sample cross-section of an oxygenation map of a mouse leg with
a tumor (outlined in black). Thickness of the cross-section 0.6 mm,
image length 21 mm. The imaging time was approx. 10 minutes.
The image was obtained at the Center for EPR Imaging in vivo Physiology,
University of Chicago
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Oxygen tells us how to cure
In co-operation with Howard Halpern, MD, PhD from the
University of Chicago, who is developing EPR imaging with the intention to introduce the application of this method in patients, scientists
from the Jagiellonian University analyzed oxygen maps of tumors in the
context of radiotherapy. With the
use of EPR imaging in mice, oxymetric maps of tumors before
and after radiation therapy were
obtained. Single, quite high doses of radiation were used in the
experiments, which led to curing
most of the tumors within a few
weeks. For 90 days following the
therapy scientists checked whether
there was a recurrence of the tumor’s
activity. A total of 18 out of 34 mice that were
subject to therapy remained healthy after three
months. The most important finding was the fact
that the oxygenation of the tumors prior to therapy helped
to determine which tumors would be cured. If there was very lit-
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tle oxygen in the tumor, the dose of radiation required to cure it
was high. Conversely, if the oxygenation of the tumor was slightly higher, the dose could be
a little lower.
The research has proven that EPR
imaging is useful in radiation therapy and that it may be used in
order to improve the efficiency
of this type of treatment. Moreover, EPR oxymetric maps tell
us not only how much oxygen there is in the tissue but
also in which parts of the tumor it is located. In the future
this might allow for an individual approach to therapy for
each patient, which will lead to
an optimum selection of the radiation dose.
Apart from oncology, oxymetric maps
may be useful in the therapy of other pathological
conditions connected with insufficient oxygenation, such
as cardiovascular diseases, stroke or wound healing. 

Research team from the Faculty of Biochemistry, Biophysics and Biotechnology: Martyna Elas, PhD; Martyna Krzykawska-Serda, PhD; Katarzyna
Jasińska, MSc; Michał Gonet, MSc; Agnieszka Drzał, MSc
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Can bacteria be a cure?

methods at their disposal, mainly based on
chemo- and radiation therapy, the options still
remain insufficient in too many cases.
The main task of the physician is to select
a form of therapy that will vigorously attack
cancer cells but do the least harm to the
body’s healthy cells. The problem is that these
two types of cells do not differ in any clear way. While most therapies destroy tumors, they also damage other, healthy tissues.
Another limitation of current treatments is their limited efficacy,
or their inability to completely eliminate cancer cells. Even a small
number of surviving cancer cells can initiate a recurrence of the
disease. This is why oncology requires actions which are both
powerful and precise. The explanation for the limited efficacy
of “conventional” chemical drugs is complicated. One reason
for their inability to completely eliminate cancer cells is that
cancer is actually a complex and heterogeneous
tissue which is difficult for drug molecules
to penetrate; the therapeutic is passively
distributed within the body, carried
to tissues through the bloodstream,
and then diffused into cells.
This is where bacteria can
be of help. Their mobility is extremely useful as it overcomes
the limitations related to the
passive distribution of drugs
within organisms. Bacteria can
actively migrate from the bloodstream to tissues and penetrate into
cells, thereby overcoming biological
barriers on the way to the tumor. This
property can be used for the transport
of therapeutic proteins and genes into cancer
cells. Thus, after penetrating a tumor, bacteria can
play the role of a special agent or saboteur, destroying cancer from
the inside or calling on the body’s healthy cells for help.
The bacterial ability of chemotaxis, or to respond to chemical
signals from the environment, is equally important. Appropriately
selected strains move to the cancer tissue on their own, and their

The applications of genetically modified bacteria can be
countless including industrial processes, environmental
remediation, and new drugs and therapies. This last
application seems particularly paradoxical: Are bacteria
able to cure diseases? How is that possible?

Bacteria are one of the smallest living organisms. They are ubiquitous and appear in enormous quantities. It is estimated that the
mass of bacteria on Earth is at least five thousand times higher
than the mass of all Homo sapiens! Over 90% of bacteria live
in soil or in oceanic sediments.
For most of us, bacteria do not carry any positive connotations.
We associate them, quite correctly, with such contagious diseases
as the plague, tetanus, and tuberculosis. On the other hand,
without bacteria, there would be no cheese, yogurt, wine, vinegar,
or other products of the fermentation process that
humans have used for thousands of years.
Their practical importance and relatively
simple structure make many species
of bacteria the best and most fully
known organisms. This knowledge
includes the lifestyle, adaptations,
and metabolic capabilities (such as
the ability to produce antibiotics),
as well as the genetic material of bacteria, which has already
been fully catalogued for hundreds
of species. Our understanding
of the functioning of bacteria is
extremely useful as it reveals new
opportunities for the application of these
microorganisms. It allows us to intentionally
modify the genetics of bacteria through the introduction of beneficial properties and the elimination
of unfavorable features.
Smart drug
Cancer is a type of disease in which bacteria may prove particularly useful. Although doctors have a wide range of treatment

S C I E N C E P R O J E C To r

fot. © Matej Kastelic | Dreamstime.com

→

75

© Matej Kastelic | Dreamstime.com

invasive capabilities (which make them so dangerous in contagious
diseases) allow them to enter inside. Animal studies indicate
that certain bacterial strains of the genus Salmonella are at
least a thousand times more likely to accumulate in tumors than
in healthy tissues. These strains were intentionally modified so that
they would not produce the enzymes necessary for the synthesis
of specific nutrients. This is why, after being introduced into the
organism, bacteria prefer sites with rich sources of metabolites,
such as cancer tissue. This is also where the bacteria find suitable
living conditions. The combination of bacteria and cancer cells
may stimulate the immune system to act, inducing an anti-cancer
response. Moreover, the bacteria can multiply inside the tumor,
thus increasing the power and efficiency of their activity.
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How to make only the cancer “fall ill”
The unique environment that is formed inside the tumor may be
another way of guiding the bacteria towards cancer cells. One of the
important factors is the low concentration of oxygen resulting from
the insufficient development of blood vessels inside a growing tumor.
Spores of some bacteria of the genus Clostridium may grow only
in anaerobic conditions. Thus, after administering them to a cancer
patient, the bacteria will grow only deep inside the cancer tissue and it
is only there where their pathogenic potential will develop.
What can be done if this potential turns out to be too strong?
Fortunately, in such cases our knowledge about the genetics
of bacteria and their predisposition to genetic modifications also
proves useful. Appropriate modifications may result in the decreased
virulence or limited pathogenic capability of bacterial strains so that
these harmful attributes are directed only towards cancer cells.
This process is called the attenuation of pathogenic strains and it
enables us to create organisms that may be safely administered
to patients without the risk of causing a general infection, as it is
only the cancer that should “fall ill.” However, should the therapeutic
bacteria spread across the organism and become a threat, we may
refer to the solution which has been known for almost a century
— antibiotics. Susceptibility to antibiotics is an important advantage
of bacterial therapies, as it allows us to control the “drug” even after
administering it.
Bacterial cancer therapies are currently being developed by
a number of research groups throughout the world, including a team
of scientists at the Faculty of Biochemistry, Biophysics, and Biotechnology at the Jagiellonian University in Kraków. These studies are

based on a Salmonella strain called VNP20009, which in mice has
the ability to localize selectively in tumors and, at the same time, is
safe for other tissues. Unfortunately, the hopes that the VNP20009
strain will act similarly in humans have not been confirmed. Clinical
studies on patients carried out more than ten years ago proved that
although the bacteria, even when administered intravenously, are
harmless for people, their accumulation inside tumors is insufficient. “We believe that it can be changed. Our strategy is focused
on such modifications of the bacteria that force them to produce
an antibody fragment on their surface, which, like a bombsight, will
help the bacteria to hit the cancer cells,” explains Dominik Czaplicki,
PhD, a member of the research team. Targeting the tumor is not
everything. Salmonella, as an intracellular parasite, is naturally capable
of infecting and entering cells. Then, as a result of further genetic
modifications, the bacteria can act like a Trojan horse, destroying
the cancer cell with the use of its own mechanism of programmed
cell death (so-called apoptosis). This is caused by a certain type
of protein which is produced by the bacteria only after entering the
infected cell. The protein brings a signal which releases a cascade
of reactions leading to the self-destruction of the cell.
It is worth noting here that the aim of the treatment is not
to completely remove tumors with bacteria, but rather to alarm
the immune system and to stimulate it to produce a strong anticancer response. The danger signal, which is necessary to cause the
alarm, results from the mere presence of bacteria, and the debris
of the dying cancer cells provides additional information about the
nature of the enemy. This is how the defense mechanisms of the
human body are supposed to lead to the destruction of cancer,
and the appropriate stimulation may make their response more
effective than chemotherapy. It can be compared to the application of a vaccine into the tumor itself, where the vaccination can
be the most effective.
Sixty years after the discovery of the DNA structure, scientists
know quite a lot about the genes and genetics of humans, but they
know even more about the genetics of microorganisms. Practical
benefits are already noticeable in many aspects of life, including
the food and pharmaceutical industries, and we are getting closer
and closer to the application of this knowledge in hospitals.
Does GMO mean mutant vegetables and dangerous attempts
to play God? Nothing could be more wrong — all strains of bacteria
that may be used for future treatments are genetically modified
organisms! 

Research team: Joanna Bereta, PhD; Paulina Chorobik, PhD; Dominik Czaplicki, PhD; Monika Bzowska, PhD; Krystyna Stalińska, PhD; Anshu Rastogi,
PhD; Karolina Ossysek, MSc; Marta Obacz, MSc; Lucyna Potempa, MSc
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Kinases versus cancer
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Modern anti-cancer therapies utilize a series of drugs whose
activity consists of binding to target proteins called kinases.
The objective of the research conducted at the Faculty
of Biochemistry, Biophysics and Biotechnology and at the
Malopolska Centre of Biotechnology, both at the Jagiellonian
University, is to determine, on the atomic level, the structure
of kinases relevant in cancer. Such information constitutes
indispensable support for the process of structure-based
drug design.

types of cancer the inhibition of the activity
of selected kinases provides therapeutic
benefit, which makes the inhibitors of these
enzymes an interesting subject of research
in modern biotechnology.

Kinase inhibitors cure cancer
One of the modern ways to treat cancer
employs special inhibitors – molecules
that block kinase activity. The success
of the first marketed kinase inhibitors led
Kinases are enzymes that are responsible for information transto dynamic development of studies on these compounds, which
makes it possible to expect further improvement of treatment
mission within living cells. They also participate in various metabolic processes. Many kinases act as specific molecular
efficiency. Understanding the structure of kinases at
“switches” allowing the activation of various
the atomic level facilitates the design of highly
proteins in response to various external
specific and effective inhibitors. It also
and internal stimuli. Kinases create
makes it possible to describe the
a complex network of interdemolecular mechanisms of action
pendencies, so-called signal
for already known drugs.
transduction pathways. The
The aim of the research
activity of such networks is
carried out by scientists
based on reversible actifrom the Jagiell onian
vation of kinase action
University is both to dethat in turn regulates
termine the structure of
the activity of other
kinases with currentproteins. In this spely known inhibitors as
cific manner kinases
well as to solve atomregulate gene expresic structures of those kision and the activity
nases whose structures
of a number of proteins,
remain unknown. This will
depending on current
in turn enable the computphysiological needs. This aler aided design of molecules
lows optimal use of available
that will fit perfectly into the
active site and – after binding
resources as well as proper cell
to it – will block the excessive activdevelopment and growth.
In cancer cells, some of the kinases
ity of the given kinase and thus will acexhibit excessive activity, which, as a contively stop or limit the uncontrolled growth
sequence, contributes to uncontrolled tumor
of cancer cells. This method, which has been
growth and its spreading throughout the
used successfully in drug discovery, is called
↑
body. It has been observed that in numerous
structure-based drug design.
Kinase structure with the inhibitor marked in green
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Insight into the protein crystal
In order to solve the structure of proteins, X-ray crystallography is
used. It is a method that employs X-rays to describe the structure
of molecules building the crystalline lattice. The extreme power
of X-ray crystallography as a research tool is proven by the fact that,
since the beginning of the 20th century, 26 Nobel Prizes have been
awarded for research connected with crystallography, of which one
of the most important ones was the prize awarded for the discovery
of the structure of DNA by Watson, Crick and Wilkins.
Macromolecules such as proteins and nucleic acids, when
placed in a suitable chemical environment, form crystals several
tens of micrometers in size. What is characteristic for such crystals
is the fact that they are composed of a huge number of symmetrically arranged protein molecules, which are organized in the form
of a dense, regular network. Such an ordered structure of the crystal
allows the high-energy X-ray beam to diffract, so that scientists are
able to calculate the exact position of individual atoms within the
protein based on the way the beam diffracts on the crystal.
In everyday research work relatively weak laboratory sources
of X-rays are used. However, the enormous possibilities of modern
crystallography can be discovered only when using synchrotron
sources, e.g., the “Solaris” synchrotron, which is currently under
construction on the Third Campus of the Jagiellonian University. Synchrotrons are highly complex and expensive research
installations used in protein crystallography, but also in numerous

other fields, such as physics or material science. A highly simplified definition of a synchrotron is a long, closed tunnel in which
electrons accelerated to a velocity close to the speed of light are
circulating in an ultra-high vacuum. In these conditions radiation is
generated, including X-ray radiation, which in protein crystallography
is directed at a protein crystal. Dedicated, sensitive detectors gather
information about the diffracted X-rays, which are then processed by
a computer generating the structure of a protein. As adequate sources
of synchrotron radiation are still not available in Poland, to this point
sources located in other European countries have been used for the
purpose of research on protein structure conducted by scientists from
the Jagiellonian University. The completion of the construction of the
National Synchrotron Radiation Centre “Solaris” will enable the crystallographers from the Jagiellonian University to study the structures
of kinases and of other proteins even more efficiently.
Structural studies of kinases that play an important role in cancer
are a new undertaking at the Jagiellonian University. The first tangible success of the project was participation in studies explaining
the role of glucokinase in abnormally multiplying white blood cells.
The research is continued in co-operation with scientists from the
German Cancer Research Center in Heidelberg (Germany) and from
the St. Jude Children’s Research Hospital in Memphis (USA). Its
objectives include the characterization of the molecular structure
of this protein, which may in the future facilitate the development
of modern drugs for diseases such as leukemia. 

Research team: Grzegorz Dubin, PhD; Przemysław Grudnik, PhD; Krzysztof Rembacz, PhD; Małgorzata Romanowska, PhD; Józefina Bogusz, MSc;
Karol Źrubek, MSc
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Target: renal cancer

nephrectomy). Surgery is also applied if single
metastatic areas are detected. As chemotherapy and radiation therapy that have
been used so far do not bring satisfactory
results, scientists are searching for new, more
effective treatment methods. Much attention
has been paid to the development of genetic
tests, which will allow for the identification
of individuals at risk of the development of clear cell renal cell
carcinoma in screening tests and of biochemical analyses which
will make it possible to determine the grade of malignancy of the
tumour and its development stage along with the prognosis of the
occurrence of metastases. It is supposed that one of the genes
located on the short-arm of chromosome 3 is responsible for the
development of clear cell renal cell carcinoma. Specific changes
in the genetic material located in this chromosome are observed
in approximately 50% of patients with clear cell renal cancer.

Renal cancer accounts for approximately 3% of all cases
of malignant cancer in humans. Nearly 70-80% of cases are
clear cell Renal Cell Carcinoma (ccRCC). A team of scientists
from Kraków is working on a comprehensive analysis of this
type of cancer, with the aim of looking for solutions that will
contribute to the development of more effective therapy.

The symptoms of renal cancer usually occur as the disease progresses, so the main problem of patients with this type of cancer
is delayed diagnosis, typically in the stage when the cancer has
already metastasized to other organs. Clear cell renal cell carcinoma
spreads particularly to the bones, lungs, brain and spinal cord.
Causes and treatment
In the case of primary renal cancer the treatment of choice is the
surgical removal of the whole or part of the organ (radical or partial

© Agsandrew | Dreamstime.com
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In comparison with other types of cancer, in the case of ccRCC the
mechanism of recurrence has not been explained yet. Effective
treatment of ccRCC consists of subjecting patients to so-called
targeted therapy. It is based on detailed characteristics of the
tumour in individual stages of development.
Triple impact
The research on renal cancer consists of three modules, carried out
in separate institutions: pathomorphological research at the Centre
of Oncology in Kraków, genetic research at the Institute of Zoology
of the Jagiellonian University and molecular analysis conducted at
the Faculty of Biochemistry, Biophysics and Biotechnology of the
Jagiellonian University. Biological material in the form of cancerous
tissue along with histologically unchanged adjacent tissue of the
organ is collected from patients of the Centre of Oncology by the
team supervised by Professor Andrzej Stelmach, and then – upon
the consent of the patient and the Ethics Committee – it is used
for detailed analysis.
Microscopic analysis of the tumour includes an assessment
of the stage of development carried out according to WHO
classification and the evaluation of its mitotic activity, i.e. the
capacity for cell division. On the other hand, confirmation of the
presence of a characteristic arrangement of proteins is necessary
in order to confirm the morphological diagnosis of the cancer.
These analyses are conducted by a team of pathomorphologists
supervised by Professor Janusz Ryś at the Centre of Oncology
in Kraków.
Genetic tests include the search for genetic markers, which
are characteristic DNA sequences or a specific arrangement
of such sequences, existing in the genetic material collected from
patients with identified clear cell renal cell carcinoma. These data
are collected by the team supervised by Wojciech Branicki, PhD,
specialist in the field of analyzing the differences in DNA sequences.
The genetic analyses encompass 150 unrelated patients diagnosed
with ccRCC and three hundred control samples collected from
unrelated healthy persons. The objective of the studies will be
to identify genetic markers that might be used in screening tests

in the future, which will allow for earlier identification of people
with a predisposition for this type of cancer.
The biological material collected from patients (cancerous
tissue and healthy tissue adjacent to the tumour) is also subject
to molecular analysis. This part of the research, co-ordinated by
Professor Jolanta Jura, is carried out at the Department of General
Biochemistry at the Faculty of Biochemistry, Biophysics and Biotechnology. Part of the molecular studies involves the analysis of the
level of activity of selected genes coding proteins that are important
in tumour development and the correlation of the activity of such
genes with the development stage of cancer. Analyses carried out
thus far prove that, in spite of the fact that based on histopathological
tests clear cell renal cell carcinoma is classified as a homogeneous
cancer, we are dealing with two forms of clear cell cancer which
differ by the level of some matrices coding proteins that are significant for the transformations of this type of cancer.
On the hunt for a certain protein
“Within the scope of the molecular analyses, we are also planning
to focus on the role of the MCPIP1 protein, whose level in cancer tissue is lower than in healthy tissue. This protein is a negative regulator
of inflammatory processes, which are also important in the etiology,
i.e. the analysis of causes for the occurrence of cancers. It is likely that
the MCPIP1 protein may be used for the purposes of the preparation
of anti-cancer treatment,” Professor Jolanta Jura explains. But before
this happens, complex research is necessary in order to explain its
function in the regulation of the processes occurring in cancer cells.
Previous analyses show that increasing the amount of the MCPIP1
protein in cancer cells significantly delays their multiplication, at the
same time being toxic to such cells. Scientists are planning to analyze
the mechanism that leads to the occurrence of such processes.
“We hope that our research will bring us closer to understanding the etiology of clear cell renal cell carcinoma and allow for the
development of detailed molecular characteristics. This will also
be an attempt to find another means that will constitute the basis
for the future development of an effective treatment,” Professor
Jura concludes. 

Research team:
Faculty of Biochemistry, Biophysics and Biotechnology, Jagiellonian University in Kraków: Professor Jolanta Jura; Janusz Ligęza, PhD; Barbara Lipert,
MSc; Agnieszka Bojko, MSc; Anna Adamczyk, MSc
Institute of Zoology of the Jagiellonian University: Wojciech Branicki, PhD; Ewelina Pośpiech, PhD; Aniela Gołas, PhD
Centre for Oncology, Kraków: Professor Andrzej Stelmach; Janusz Jaszczyński, PhD; Wacław Wilk, MD; Professor Janusz Ryś
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“Our aim is to help children
with leukemia”
→

with a light microscope. The determination
of MRD levels enables doctors to detect
patients who have a higher risk of recurrence
in spite of successful remission. Currently,
immunological and molecular methods use
markers that are characteristic of leukemic
cells to determine MRD. The detection
of surviving malignant cells during treatment
is essential for prognosis and constitutes a basis for the modification of therapy. Monitoring MRD after the end of treatment is key
to predicting a potential recurrence of AML.

Current treatments are able to cure more than 70% of children
with malignant diseases. However, only 50% of patients can
be cured from acute myeloid leukemia. The failure to treat this
disease is caused mainly by recurrences and complications
resulting from intensive multi-drug chemotherapy. Scientists
from Jagiellonian University are trying to increase children’s
chances of being completely cured of this disease.

Why is cancer so challenging for science? The answer is that
while healthy cells divide, differentiate, and die in a controlled way,
cancer cells are not subject to such regulatory mechanisms. It is
very difficult to control the expansion of cancer cells in the body.
This is why it is so important to learn more about the processes
that occur in cancer cells in order to develop more effective
treatment methods.
Broadening our knowledge about the illness
The team from the Department of Pediatric Oncology and Hematology (Jagiellonian University Medical College) is working
on acute myeloid leukemia (AML), a malignant disorder of the
hematopoietic system which accounts for approximately 20%
of all cases of leukemia in children, leads to anemia and decreased
immunity, and can be fatal if untreated.
The team is conducting multidirectional research on specific
types of AML with the goal of detecting specific cancer markers.
This research may also contribute to the development of more optimized therapies adapted to relevant groups of patients. The main
objective of these studies is to obtain comprehensive knowledge
about↓
the biology of acute leukemia in children.
In most patients with AML, various types of chromosomal
or genetic disorders are found in leukemic cells. They are responsible for the production of pathological proteins which cause
disorders of the hematopoietic system. Characteristic chromosomal
disorders and specific genetic mutations are used as diagnostic
and prognostic markers and indicators of treatment efficacy.
Minimum residual disease
The term minimum residual disease (MRD) is used to describe
a small amount of leukemic cells that do not cause clinical symptoms and are impossible to detect using morphologic assessment

Communication between cells
Each cell has the ability to receive, select, analyze, and respond
to signals transmitted from the environment and from other cells
through receptors located on its surface. Intercellular signaling
is a process that is necessary for proper bodily function, as it determines the regulation of the metabolism, survival, proliferation
(multiplication), differentiation, and death of cells. Tyrosine kinases,
among others, play a key role in this process. Tyrosine kinases are
one of the basic types of proteins in the human body that influ-

↑
An exemplary image of AML cells after 48h incubation with inhibitors and paclitaxel dyed with
Hoechst 33258/PI. Dark blue – viable cells, blue – apoptotic cells, red – necrotic cells
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ence the biological activity of other proteins. Scientists from the
Department of Pediatric Oncology and Hematology are focusing
mainly on the tyrosine kinase of the c-KIT receptor, which plays
a multi-dimensional role both in the regulation of growth and differentiation of cells in hematopoietic and in the functioning of bone
marrow and blood cells. The c-KIT receptor is a specific spot on
the surface of cells which is influenced by relevant factors in areas
such as growth. This process can be compared to a lock (receptor)
and key (growth factor). Unfortunately, this receptor is activated
in an inappropriate way in acute myeloid leukemia, resulting in the
excessive, uncontrolled proliferation of leukemic cells and the inhibition of the so-called programmed death of cells (apoptosis), which
is a process that is essential to proper bodily function.
Treatment strategies and test results
Targeted therapies are a new method for treating malignant diseases.
These therapies involve the application of substances (inhibitors)
that specifically block the pathological protein which production
causes the abnormal behavior of cells. As a result of the employment
of such a therapeutic strategy, the application of a given molecule
is limited only to situations where a protein specifically influencing
the molecule is present in the cells of the treated cancer.
Due to the fact that the neoplastic process in AML may be
connected with the transmission of a signal originating from the

c-KIT receptor, it is theoretically possible to inhibit this process
by applying substances that block the enzymatic activity of the
kinase of this receptor.
The research results enabled us to focus on several important
disorders occurring in leukemic cells in AML and to distinguish more
important prognostic factors (related to the prognosis of illness
development). The inclusion of tyrosine kinase inhibitors of the
c-KIT receptor in the study enabled us to completely block the
growth of cells of acute myeloid leukemia in vitro and to direct
them towards apoptosis. The research also allowed us to analyze
markers that are useful in the search for residual disease.
The aim of these studies is to improve the diagnostic
standards in AML, which would enable us to more accurately
determine types of leukemia and to put suffering children in the
appropriate therapeutic groups in order to start personalized
treatment. The detection of active mutations may contribute
to the development of new pharmacological strategies. Apart
from the cognitive nature of the studies carried out by the team,
the results are likely to contribute to the development of personalized medicine. “We are planning to develop new therapeutic
methods, adapted to the molecular disorders in malignant cells,
in the future. This will improve the efficacy of cancer treatment
and reduce the risk of complications,” says Professor Walentyna
Balwierz, the head of the research team. 

Research team: Polish-American Institute of Pediatrics, Jagiellonian University Medical College, and Children’s University Hospital of Kraków
Department of Pediatric Oncology and Hematology: Professor Walentyna Balwierz, MD, PhD; Angelina Moryl-Bujakowska, MD, PhD; Tomasz Klekawka,
MD, PhD; Katarzyna Pawińska-Wąsikowska, MD, PhD; Małgorzata Czogała, MD, PhD; Małgorzata Szurgot, MD; Małgorzata Lasota
Chair of Pediatrics, Department of Pediatrics, and Department of Medical Genetics: Professor Jacek J. Pietrzyk, MD, PhD; Professor Mirosław
Bik-Multanowski, MD, PhD; Teofila Książek; Katarzyna Szewczyk
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How are new drugs designed?

→

is carried out in close cooperation between
research units of the Jagiellonian University
and the Institute of Psychiatry and Neurology in Warsaw, with the Polish pharmaceutical company Adamed. The objective
of the project is to develop a new, original
psychotropic drug that might be used particularly in such mental disorders as schizophrenia, psychosis and depression.
In the course of neurodegenerative diseases, numerous mental illnesses and disorders of the function of the central nervous
system, patients suffer from problems with memory and orientation, difficulties in recognizing their relatives or friends and the
lack of proper evaluation of everyday life. The therapy of these disorders, referred to as cognitive disorders, employs drugs that decrease the function of 5-HT6 receptors in the CNS. These drugs,
manifesting various influences on several areas of the brain, may
have a beneficial effect on other symptoms, including
those connected with behavior and psychological functions.
Behavioral disorders and psychological problems that accompany dementia
and occur simultaneously are defined
as Behavioral and Psychological
Symptoms of Dementia (BPSD).
They occur in the course of Alzheimer’s disease, in psychosis, depression, aggression, in fear and apathy
attacks, and they are a significant
burden for patients and their caregivers. The assortment of drugs used
in such cases includes psychotropic drugs,
whose application is the result of observation of their effects in individual patients. On the
other hand, there are no drugs that would specifically limit BPSD. Psychotropic drugs used to reduce these symptoms are administered in those disorders beyond the scope of their
basic therapeutic indications. Thus, they are formally not permitted for use in dementia and, moreover, their efficacy in this type
of disorders is limited and they cause numerous adverse effects
in various organs, mainly the cardio-vascular system.

Scientific research conducted at the Department of Medicinal
Chemistry of the Faculty of Pharmacy (Jagiellonian University
Medical College) focuses on the search for new biologically active
substances acting on the central nervous system (CNS). They may
be employed in the therapy of mental and neurodegenerative
diseases, in the treatment of epilepsy, in eliminating various
types of pain, and in supporting the fight against obesity.

The activity of each drug usually results from the interaction of its
molecule with an appropriate “spot” within the body, called the receptor. By binding to receptors, drugs stimulate or inhibit the relevant biochemical reactions in the cells of living organisms. These
result in processes that may be used in disorders of tissue and organ function, leading to the “repair” of incorrectly functioning cells.
These processes, referred to as therapeutic effect, may manifest
themselves, for example, in: increasing or decreasing heart rate,
blocking the pain response, limiting the feeling of fear
or correcting a depressive mood.
Promising molecules
One of many biologically active substances existing in the central nervous system is serotonin (5-hydroxytryptamine: 5-HT), a neurotransmitter whose
receptors participate in numerous
processes as important as memory,
mood, fear or appetite. It has been
proven that new biologically active
compounds that inhibit one sub-type
of serotonin receptors (5-HT6) may
eventually turn out to be more beneficial drugs in the therapy of mental disorders
(in comparison with currently used products).
In connection with the research on the function
of serotonin in the central nervous system, scientists from the Department of Medicinal Chemistry developed a program called “5-HT6
Plus Platform.” Research carried out within this program takes into
account the possibility to combine the inhibition of the 5-HT6 receptor with other biological targets that are important for the functioning of particular areas of the human brain. This main research area
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Within the conducted research, several thousand new substances were designed and obtained from which “promising” ones were
selected – so-called lead molecules which have a strong anti-psychotic and anti-depressant effect, while not impairing memory (cognitive functions), behavior and psyche (behavioral and psychological
functions). This kind of activity profile clearly distinguishes the newly
obtained biologically active compounds from currently used drugs.
The methods of obtaining and the biological properties of these
substances have been described in five international patent applications. Currently, within research grants subsidized by the National Science Centre (NSC), works are developed on substances that may block certain enzymes, including
phosphodiesterases in the central nervous system. Additionally, the Department of Medicinal Chemistry is carrying out research with
the objective of searching for new, more
effective antiepileptic drugs, with particular focus on so-called drug-resistant
epilepsy, which cannot be cured with
currently known drugs.
From the design to in vivo tests
“Along with the design and synthesis of potentially biologically active chemical compounds, fundamental research is being carried out with the objective of improving the process
of searching for new drugs. This process employs computer-aided structure design of new ligands (biologically active molecules) and the design of new computer models of interactions
between receptors and ligands as well as the improvement of existing ones. These works resulted in the creation of reliable, new
homology models of several types of receptors that are essential
for the functions of the central nervous system, such as 5-HT6,
5-HT7, D1 and D2,” explains Professor Maciej Pawłowski, who is supervising the research.
The objective of the research related to pharmaceutical chemistry is as follows: at the first stage to design a molecule which
promises proper direction of pharmacological activity and at the
second stage to synthesize the designed, potentially biologically
active compounds intended for initial screening tests. This screening constitutes stage three and is conducted with the use of in vitro methods, based on cell cultures or tissue fragments containing,

for example, adequately prepared receptors. New, active chemical
compounds selected as a result of such research undergo in vivo
tests (i.e., tests on living organisms) on laboratory animals. The results of such tests make it possible to determine the profile of the
pharmacological activity of the new substances.
The role of incident and impressive discoveries
One of the elements of research conducted at the Department
of Medicinal Chemistry is the synthesis of new compounds of a peptide structure (protein fragments) and their analogues. For this
purpose, modern synthesis techniques are employed,
on solid phases, constituting a kind of a special
polymer matrix on which one of the reagents
(participant of a chemical reaction) is “anchored” using a so-called linker, so that
later a peptide molecule is created by
adding one amino acid after another. The linker plays an important role
in these processes. Its properties determine not only the directions of synthesis, the purity and homogeneity of the
obtained products, but also the final efficiency of the whole process, which often consists of many stages.
In the course of research conducted at the
Department of Medicinal Chemistry on the synthesis of amino acid derivatives on solid phase, it turned out
that the fragment used as a linker bound to polymer has unique
chemical properties that may be used in numerous chemical processes essential in the search for new drugs. Wide possibilities offered by the application of this fragment are a spectacular discovery referred to as the concept of the pipecolic linker.
The pipecolic linker has become a new tool for solid phase
synthesis. The “anchor” discovered in this way makes it possible
to synthesize many substances which have very different chemical
structure, from the group of peptides, peptidemimetics and smallmolecule organic compounds. This research is carried out in close
co-operation with the teams from the Institute of Bioparticles of Max
Mousseron (IBMM) in Montpellier and the Institute of Pharmacology of the Polish Academy of Sciences in Kraków. The invention is
subject to international patent protection. Works on the potential
commercialization of these results are in progress. 

Research team: Professor Maciej Pawłowski; Jolanta Obniska, PhD; Paweł Zajdel, PhD; Hanna Byrtus, PhD; Grażyna Chłoń-Rzepa, PhD; Marcin
Kołaczkowski, PhD; Anna Czopek, PhD; Monika Marcinkowska, PhD; Krzysztof Kamiński, PhD; Agnieszka Zagórska, PhD; Paweł Żmudzki, PhD;
Adam Bucki, MSc; Katarzyna Grychowska, MSc; Vittorio Canale, MSc; Andrzej Miodoński
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When cells are hyperactive

insufficient efficacy and toxicity are unsatisfactory for both patients and doctors. At
the same time, knowledge about the causes
and the course of these diseases not only at
the anatomical level but also at the cellular
or even molecular levels is growing, which gives us increasing
hope of finding new, efficient and safe drugs.
A team at the Department of Bioorganic Chemistry (Jagiellonian University Medical College), supervised by Professor Henryk
Marona, has been designing and synthesizing new, potentially
therapeutically active chemical compounds, which might be approved for the pre-clinical testing stage. Compounds selected
in this manner were the subject of pharmacological analyses at
the American National Institute of Health, which tested their
activity in preventing seizures caused by various factors, e.g.,
electric current or compounds such as metrazol,
picrotoxin or bicuculline, which are used
in experimental pharmacology
among others to cause seizures.
Substances that prevented seizures, and at the same
time were free of neurotoxicity, were then subject to detailed tests
aimed at the analysis of the mechanism of action. The
most promising compounds were also subject to tests consisting
of evoking neuropathic pain in rats and then
checking how the given
compound influences the
feeling of pain by the animal.

Scientists from the Faculty of Pharmacy at the Jagiellonian
University Medical College are working on new potential
drugs against neuropathic pain and/or epilepsy.

Searching for new drugs is an important challenge in a society
where the lifespan of humans has significantly increased. Patients’
expectations concerning their health are also growing. In this
context, neurological diseases have become a particular problem
whose treatment and rehabilitation are costly, and the purchase
of medications quite often leads to financial ruin. This is why it is
a particular social responsibility to carry out chemical and pharmacological studies whose results may contribute to improving
the outlook of people’s lives.
Development of new drugs can be divided into two stages:
pre-clinical and clinical. The first one encompasses,
among others, studies related to structural
design and synthesis, physical, chemical and biotechnological analyses,
and tests on animals. The clinical stage consists of tests on
humans. Due to the number
of aspects that have to be
taken into account when
planning the possibilities
of therapeutic application of new compounds,
both stages usually last
for 7–10 years each.
Broad spectrum
of analyses
Epilepsy and neuropathic
pain (pain caused by damage
or dysfunction of the nervous
system) are different ailments,
which have, however, one essential
trait in common: excessive activity of neural
cells. Plenty of analgesics and anti-convulsives
have been registered throughout the world, although their

Towards trials on humans
As a result of the research discussed
above, substances were obtained that were
active both in neuropathic pain and in epilepsy, which
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gives hope for their application in the treatment of neurological
diseases. The activity of these compounds consists mainly of inhibiting the sigma receptor, which is suggestive of their high potential, precisely in the treatment of neuropathic pain. Two prerequisites pointing to the truthfulness of this opinion are important:
first, higher numbers of sigma receptors exist in the body in the
case of previous neural cell damage, and their stimulation causes
a pain reaction; and second, currently there are no drugs acting
only on this receptor available on the market.
The pharmacological activity discussed has been described
in further detail. Mandatory chemical tests have been conducted
and the methods of analysis of these compounds in the bloodstream have been developed. Scientists have also determined
their functioning and changes in concentration as well as their
metabolism in the body and they have described most of the
necessary studies on their toxicity. Tests were conducted using
receptors, enzymes and whole cells as well as different species
of animals: mice, rats, guinea pigs and miniature pigs. Also, the
initial oral formulation, i.e., the composition of the tablet that will
be swallowed by future patients has been developed.
“We want to continue our efforts. The next stage will be synthesis on a larger scale (i.e., the increase in the size of batches
of the compound synthesized each time) and transferring the

Research team: Professor Henryk Marona – Project Manager; Anna M. Waszkielewicz, PhD – Project Coordinator; Natalia Szkaradek, PhD; Karolina
Słoczyńska, PhD; Agnieszka Gunia, PhD; Dorota Żelaszczyk, PhD and employees of other departments at the Faculty of Pharmacy (Jagiellonian
University Medical College).
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works to the GLP standard (Good Laboratory Practice – a set
of criteria that a laboratory conducting the given types of analysis
must meet in order to provide adequate research quality), which
is obligatory for this type of project at this stage of research. Then
our aim will be to conduct an analysis of chronic toxicity on miniature pigs and to administer the drug to humans for the first
time,” explained Anna Waszkielewicz, PhD, co-creator and expert
coordinator of the project. 
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Cellular dressing for burns

→

fection, and dehydration, are particularly
dangerous. This is why it is essential to close
wounds as quickly as possible. Tissue engineering comes into action when natural regenerative and repair mechanisms
fail. In such cases, the cells of the victims are multiplied outside
of their bodies and then grafted.

The Jagiellonian University has one of the most modern
laboratories in Poland where human cells are cultured
for the treatment of extensive burns.

A method for the treatment of large skin wounds resulting
from burns or chronic ulcerations is the application of the
patient’s own skin cells, which have been cultured outside
their bodies. In many cases, this is the only way to regenerate
the damaged tissue that is not healing spontaneously if the
application of autologous skin grafts from healthy areas of the
body is impossible. Work on the improvement of the efficiency
of culturing such cells is being conducted at the Laboratory
of Cell and Tissue Engineering in the Department of Cell Biology
of the Faculty of Biochemistry, Biophysics and Biotechnology
and the Małopolska Center of Biotechnology, along with studies
conducted in cooperation with other clinical institutions, on the
application of such cells in the treatment of burns.
The skin I live in
Skin is a kind of cloak that effectively protects
us from the influence of harmful external factors. At the same time, this tissue is most exposed to their influence. Moreover, it is responsible
for water and electrolyte management (perspiration glands),
reception of stimuli (touch, the
sense of pain, cold, warmth),
and maintaining appropriate
body temperature. The fact that
skin performs these functions
perfectly is due to its structure:
a multi-layered epidermis constantly renewing itself, dermis, and subcutaneous tissue located below it.
Because the skin performs such an important function, damage may lead to harmful
consequences. Burns, which may result in the
loss of significant amounts of skin surface, in-

Proliferation of cells in vitro
Scientists from the Jagiellonian University have the greatest experience in this area in Poland. They are able to use a small fragment of a patient’s healthy skin, of a surface of approximately 0.5
cm2, to cultivate enough cells to cover a wound of a size of 200
cm2. How is this possible? In laboratory conditions, single cells
are isolated from the collected tissue and then placed in special
culture dishes containing an appropriate medium that stimulates the cells to multiply. This is relatively easy in the case of epidermis, as it consists mostly of cells called keratinocytes. Apart
from them, it also contains stem cells and progenitor cells
originating from them, which determine the pace
and quality of the regeneration of epidermis,
as they are able to transform into a specific type of cells (in this case into the
desired keratinocytes) in a suitable
environment. The more keratinocytes are obtained, the more effective the graft will be. After more
than 10 days in such a culture, keratinocytes are mixed with a socalled tissue adhesive, transported to the hospital and placed onto
the wound. “When applied in the
form of a suspension in fibrin glue,
keratinocytes form islands of epidermis which grow with time, merging
into a homogenous layer. This method
constitutes one of the elements of complex
general and local treatment, directly saving the
lives of victims suffering from the most serious
↑
Human epidermal cell cultures (in vitro)
burns, i.e., burns of degrees 2b and 3, covering
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more than 50% of total body surface,” said Justyna Drukała, PhD,
head of the laboratory. The advantages of this method include
fast and permanent protection of the wound, limiting
the formation of scars and, most importantly, the
lack of risk of rejection.
Hope becomes reality
However, in the case of deeper burns,
i.e., in cases when the dermis itself is
damaged, a graft of epidermal cells
is insufficient. Such wounds often
lack suitable blood vessels that are
necessary for the graft to be accepted. “One of the possibilities to solve
this problem is the use of a dermal
equivalent, for example the biocompatible Integra DRT® matrix,” said Justyna Drukała. It is a three-dimensional collagen layer placed onto the wound, which
enables the migration of patient’s skin cells, including those creating blood vessels. It is wholly protected by a silicone layer. When adequate

blood vessels of the skin are reconstructed, the silicon is removed
and the place is covered with a layer of epidermal cells collected
in the form of an autograft or previously obtained from the
patient, and multiplied in laboratory conditions.
“The application of the culture of the
epidermis itself has already been optimized at our center,” the scientist
told us. She adds, “Attempts to treat
wounds with the use of the patient’s
own cells and the dressing called
Integra DRT®, proposed by Professor Jacek Puchała, have already
been conducted.”
The next objective set by the
scientists is to develop a method of
single-stage treatment of wounds.
The possibility, to remove necrotic tissue and transplant a full thickness skin
equivalent, would significantly improve the
comfort of the patient and shorten the period of recovery, and the procedure itself would
↑
Laboratory of Cell and Tissue Engineering
become much safer. 
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Antimatter reveals cancer

→

metamorphosis is the emission of nuclear radiation in the form of a positron (anti-electron) and a neutrino (a neutral subatomic particle). Practically nothing interacts
with the neutrino while it “escapes” from the
body, but the anti-electron slows down as
a result of interacting with electrons, and finally, after losing velocity as an antimatter particle, it annihilates
the encountered electron at a distance of approx. one millimeter
from the location where the nuclear transformation took place.
The annihilation usually results in the creation of two
gamma quanta flying in opposite directions,
which, in most cases, leave the organism.
Positron emission tomography consists of recording gamma quanta
that fly out of the human body,
reconstructing their trajectories and recreating an image of the annihilation
locations. The distribution of annihilation spots
corresponds to the map
of dissemination of the
fluorine 18F in the organism, which in turn represents an image of the
intensity of metabolism
of the glucose administered
to the patient. Such an image
enables us to identify the locations containing cancerous tissues,
which are characterized by increased
glucose consumption.

A new technology of gamma quanta detection, which may
significantly lower the costs of medical diagnostics and enable
the imaging of the whole human body during a single scan,
is currently being developed at the Department of Nuclear
Physics of the Jagiellonian University.

The body of every living organism contains atoms with radioactive nuclei. They have practically the same chemical properties
as stable atoms, which means that both types of atoms are used
similarly in the metabolic processes of living organisms.
For example, we ingest radioactive potassium
40
K with food; we inhale radioactive carbon dioxide 14CO2 or molecules of radioactive water vapor 3H2O that exist in the air. As a consequence,
atoms with radioactive nuclei (e.g., 40K, 14C, or 3H) constitute a part of our bodies
and every second an average of eight thousand
instances of radioactive
decay of atomic nuclei
occurs in our bodies.

Tracking the flight
of gamma quanta
Positron emission tomography is based on the fact that
after the administration of a substance whose molecules contain
atoms with radioactive nuclei, the patient’s body cannot distinguish between
stable and radioactive atoms. These substances
New tomograph
are selected to be processed as strongly as possible
↑
in the tissues that are to be diagnosed. The most
Imaging of metabolic processes is particularly useful
Visualization of the tomography
commonly used substance is glucose, in which one
for early detection of cancer and cancer metastases
of the atoms is radioactive fluorine 18F.
as it allows for the detection of changes in tissues before morphoAs a result of radioactive transformation, the nuclei of fluorine
logical modifications occur that may only be captured with use
18
F transform into nuclei of oxygen 18O. The consequence of this
of other imaging methods. Currently, inorganic crystals are used
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as radiation detectors. This is a very expensive technology. A PET
tomograph costs over ten million Polish zloty, which is why there
are only about ten such devices in Poland at the moment.
The Department of Nuclear Physics of the Jagiellonian University is working on a breakthrough technology of gamma
quanta detection. The innovative aspect of the developed
solution is the use of organic materials for radiation detection, as
well as the method of reconstructing the spot of gamma quanta
reaction, based mainly on measuring the timing of the recorded
signals. The tomograph will consist of polymer strips, which will
be optically connected to a device that transforms light impulses
into electrical ones. The technique developed will enable the
size of the diagnostic chamber to increase without a significant
increase in the production costs, which will allow for the imaging
of the whole human body at the same time.
The method developed is an example of transferring innovative methods of radiation detection used in fundamental studies

Annihilation is the process in which a subatomic particle,
colliding with its antiparticle, transforms into energy in the
form of gamma quanta or other new particles.
Gamma quanta are particles of nuclear radiation similar
to light photons, but millions of times stronger.

in nuclear physics and molecular physics to the field of medical
applications. The invention was awarded a gold medal at the 58th
World Exhibition of Innovation, Research and New Technologies
(Brussels Innova 2009). A small-scale prototype is currently
under construction with which new electronic modules and new
methods of the reconstruction of signals and images developed by
the Department of Nuclear Physics at the Jagiellonian University
in the last two years will be tested. If the tests are successful, the
construction of a prototype of a size enabling the imaging of human body that is planned for 2014 will begin. 

Research team: T.Bednarski, MSc; Professor P. Białas; E. Czerwiński, PhD; A. Gajos, MSc; T.Gruntowski; A.Gruntowski; T.Gucwa-Ryś; A.Heczko, MSc;
M.Kajetanowicz, MSc; D. Kamińska, MSc; Ł.Kapłon, MSc; A.Kochanowski, PhD; G.Korcyl, MSc; J.Kowal, MSc; G.Konopka-Cupiał, PhD; T.Kozik, PhD;
W.Krzemień, PhD; E.Kubicz, MSc; W.Migdał, M.Molenda, PhD; I.Moskal; Professor P. Moskal; S.Niedźwiecki, MSc; M.Pałka, PhD; M.Niedzwiecka-Pawlik, MSc;
O. Rundel, MSc; Professor Z. Rudy; Professor P. Salabura, N.G.Sharma, MSc; M.Silarski, PhD; A.Słomski, MSc; Professor J. Smyrski; A.Strzelecki, MSc;
A.Wieczorek, MSc; M.Zieliński, PhD; N.Zoń, MSc
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A new way to look into the lungs

→

is performed only in 3He under low gas
pressure and a low magnetic field (standard
method), and high gas pressure and high
magnetic field (non-standard method). The
Group has built two 3He MEOP polarizers
working in those two regimes. The MEOP
in the non-standard method was the Group’s
great achievement, which led to the construction of a unique
polarizer operating inside a medical scanner in the scanner’s
magnetic field and achievement of creating the first human
lung image filled with hyperpolarized 3He. The Group is currently
working on optimizing gas distribution protocol and making the
polarizer more user-friendly.

Imaging lungs with use of hyperpolarized (HP) noble gases
(helium 3He, xenon 129Xe) is a novel technique allowing us
to obtain images of ventilation with polarized gas, which can
be a tool for evaluating lung disease phenotypes and showing
responses to medical therapy.

Standard magnetic resonance imaging (MRI) is based on measuring the nuclear magnetic resonance signal (NMR) from protons
present in a human body. For protons, the thermal equilibrium polarization of protons is low, although the density of protons is high
in tissues and the signal is measurable, allowing for high-resolution images of the human body’s interior. Unfortunately, from the
viewpoint of nuclear magnetic resonance, the lungs seem empty since water vapor is not abundant. Nonetheless, a simple way
to overcome this obstacle has been discovered. A gas that is both
inert and sensitive to the MRI technique was proposed.
Only one change must be made – the gas must
be polarized with optical techniques, since
thermal polarization of helium or xenon is of too low density to provide
a strong NMR signal.
Lung images are obtained
in a medical scanner after inhaling a portion of hyperpolarized gas. The scanner first
needs to be tuned to the
resonance frequency of 3He
or 129Xe, and a modified MR
sequence must be used.
Polarizing methods
Work on developing methods for
obtaining high nuclear polarization
is the task that Noble Gas Optical
Polarization Group has at hand. There
are two methods of polarizing gas: the
metastability exchange optical pumping (MEOP)
and the spin exchange optical pumping (SEOP),
dedicated to 3He and 3He or 129Xe, respectively. MEOP

Hiper-Xenon
The second method – SEOP – is quite a bit more demanding, as
it is performed in a gas mixture (129Xe and buffer gases
N2 and 4He) in the presence of rubidium vapors
and at different pressure, temperature, laser powers, and flow-rated regimes,
which have to be optimized for a given polarizer. The problem of balancing the tradeoffs of 129Xe
SEOP polarization, production
rates, and volumes involves
the ability to explore a space
with large number of parameters.
The SEOP process has two
stages. The first one consists
of the optical pumping of valence electrons of rubidium vapor with a high power laser light
tuned to a wavelength of 795 nm,
while the second is an electron polarization transfer to 129Xe nuclei via collisions. Polarizing 129Xe requires high laser
power; here 60 Watts and thick rubidium vapor
are
used for the optical pumping, which is obtained
↑
Human lungs filled with He
by elevating the temperature to 160ºC. The polariz3
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129
er consists of the SEOP glass cell, a high-powered laser with opXe chemical shift in different chemical environments. This can
be a great tool for protein, enzyme, and cell studies. As far as lung
tics, a set of magnetic coils, a gas distribution system, a cryogenic system, and two turbomolecular pumps for cleaning purposes.
imaging is concerned, it brings about a new way to characterize
The SEOP polarizer was constructed at the beginning of 2014
parameters such as an alveolar surface area, septal thickness, inand the first initial tests
terphase diffusion kinetics,
are raising optimism. At
and blood kinetic exchange
the present time, several
rates, as well as a new way
units are under constructo notice changes in those
129
tion such as the HP Xe
parameters due to spreadgas unit for accumulation
ing pulmonary disease.
for further medical tests.
The Future
Experiments show that
Pulmonary diseases can
freezing HP 129Xe at the
be nonspecific, a fact that
temperature of liquid nitrogen in the presence of
causes a need for direct
a homogenous magnetimaging, leading to the
ic field enables scientists
use of multidetected comto maintain polarization
puted tomography (MDCT),
positron emission transifor long hours. Thus, developing such a system is
tion tomography (PET)
↑
crucial to providing a stable
and
single photon emisHelium polarizer in medical scanner
source of polarized gas. The polarizer is a unique
sion computed tomography (SPECT). Although the
design developed by Anna Wojna-Pelczar and Tadeusz Pałasz,
techniques listed above brought exploitable parameters, they are
PhD, as a result of two years of experimental work combined
still unable to create an image of regional ventilation and perfuwith mathematical modeling and project design.
sion. Moreover, their resolutions are limited and the subjects are
Due to their large electron cloud, 129Xe atoms generate a large
exposed to ionizing radiation. The MRI provides three-dimensionchemical shift in the presence of neighboring atoms of molecules,
al images without exposure to ionizing radiation, high resolution,
which makes 129Xe a promising candidate for other spectroscopand several mapping techniques, combined with polarized 129Xe
129
ic applications. Xe dissolves in blood, organic lipophilic solvents,
as a unique contrast, which finally gives us an opportunity to diand biological tissue. This enables 129Xe to become a biosensor
agnose regional heterogeneity, evaluate ventilation and perfusion,
for magnetic resonance imaging with the evidence that this hyand allows us to provide animated frames, showing the propagaperpolarized gas is bound to produce measurable changes in the
tion of gas in airways over time. 

Research team: Anna Wojna-Pelczar, MSc; Tadeusz Pałasz, PhD; Bartosz Głowacz, PhD; Zbigniew Olejniczak, PhD; Professor Tomasz Dohnalik;
Mateusz Suchanek, PhD -The University of Agriculture in Kraków
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A heartbeat inside a computer

Two scenarios. The first one could be entitled: “A marvelous
new drug is launched on the market.” This is a well-known
situation. We know it from our own experience, from
the stories told by our relatives or from media coverage,
sometimes overly sensational. The second scenario, with the
heading “Scientists are working on a therapeutically promising
substance” also affects our lives, although it is not as widely
publicized and much less spectacular. What is the connection
between these scenarios, pharmacists and… mathematicians?

Let us have a closer look at scenario 1. “Success! A new drug has
been launched! Over ten years of research, with costs sometimes
exceeding a billion dollars but it was worth it. There is hope for effective, safe therapy for a huge number of patients and the manufacturer is starting to make profits.” However, after a few
years of the new drug’s presence on the market,
deaths of patients are noted, caused by an
abnormal heart rhythm (arrhythmia).
The drug, which helps a lot of people and has been considered safe
so far, has to be withdrawn from
the market immediately. Is it
really necessary? Maybe it
would be enough to indicate and modify the therapy of sensitive individuals
who are more vulnerable
to the risk of adverse effects
of the drug?
Scenario 2 develops in completely different conditions. “The
(apparent!) peace and quiet of a research laboratory. The new substance
that we are testing is extremely promising. No drug known before treats (enter an organ and its function here) like this one. This may be
a breakthrough discovery! We only need the results of one more
standard laboratory test that will evaluate the potential cardiotoxicity (adverse effects for the heart) and we will start clinical

trials.” Unfortunately, the test result is positive; the analyzed substance shows adverse
effects so we have to start all over again. Is
it really necessary? Maybe the effect observed on a laboratory scale will not occur
in population?

Real difficulties
Two different scenarios, yet the questions
remain the same. How to evaluate whether
an adverse effect (such as arrhythmia) will
occur after the administration of a given drug (this is the easier
task, although it is not simple at all) and first of all (here comes
the real challenge): who will be more likely to suffer from such
adverse effects: Mr. Smith, who is taking the given drug (e.g., analgesic) for his arthritis or Joanne who has asthma
and takes the drug for her migraines?
Early evaluation of the potential threat
of arrhythmia is very difficult. First,
the available test methods using cell lines or laboratory animals have some serious limitations making it impossible
to evaluate the influence
of the analyzed substance
on the complex processes
regulating the heart activity
in humans in a reliable way.
Second, instances of abnormal heart rhythm and death
caused by the use of a drug
are very rare and such an effect
may not manifest itself in the relatively small, selected group of patients participating in clinical trials before
the drug is marketed. Additionally, the effect
of the drug and the connected risk of occurrence
of arrhythmia depend not only on the administered dose, but also
on many other factors, including sex, age, the presence of mutations of certain genes, the level of hormones, illnesses from which
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the patient suffers, concurrent use of other drugs, heart rhythm
and even the time of day. During research carried out in compliance with standard protocols it is impossible to evaluate all possible cases. However, what is impossible in the real world can be
achieved in virtual reality.

The group of virtual, simulated patients may also include
people who would not qualify for actual clinical trials. These are
people for whom, in real conditions, the risk connected with using
the drug is assessed based on data collected only after the drug
has been marketed. Obtaining such information is enabled by
a virtual population generator, which “creates” patients in the
computer’s memory by composing them from elements, making
Virtual twin
The system developed at the Unit of Pharmacoepidemiology
sure to take into account the fact that every person is different, i.e.,
and Pharmacoeconomics of the Faculty of Pharmacy (Jagielto reflect the various characteristics of patients and related possible
lonian University Medical College) enables us to create a fragment
differences in response to the drug. The thickness of the heart
of the virtual world. The computer system for the evaluation of risk
wall, size of heart cells, heart rhythm, concentration of the most
of cardiotoxic effects of drugs allows us to simulate clinical trials,
important ions in plasma, but also genetic constitution – these
i.e., to conduct experiments on virtual patients. These tests can be
are some of the elements that make us different and influence
carried out already at a very early stage of the drug’s development,
the effects of drugs.
even before the substance is synthesized by chemists, when the
As a result, it is also possible to use the created system in a difnew molecule still exists only in the computer’s memory. The
ferent way, which will probably enable us to avoid or predict the
application of dedicated computer algorithms allows us to predict
negative consequences listed in the first scenario above. Preparing
whether and how the molecule designed will affect the heart’s aca “virtual twin” in computer memory, based on the profile of a real
tivity in various individuals, utilizing information derived exclusively
patient, will enable the physician to check how administering the
from its chemical structure. Conducting such tests accelerates
drug will affect heart function and evaluate whether the patient
the process of drug design, shortening the period of waiting for
may safely use the drug or not, even before including the drug into
new therapies. It enables us to minimize
therapy. The system will evaluate how taking
the risk of arrhythmia in healthy volunteers
several drugs (so-called polytherapy) or diet
↓
and in ill patients participating in clinical trials,
will affect the therapeutic result.
See
also:
www.tox-portal.net
and to limit the financial risk connected with
“Do not be surprised if, in a few years,
the failure of the works on the new theraduring a visit to the clinic, you will be asked
peutic substance. What is important is that this refers also (or even
to switch on the ‘virtual twin’ you brought on a memory stick in the
first of all) to drugs in which we do not expect adverse effects
form of a key chain so that the doctor can check whether the drug
is safe for you before prescribing it,” foresees Sebastian Polak,
for the heart as they are intended to act on completely different
PhD, coordinator of the work on the development of the system
organs (e.g., analgesics, anti-atherosclerotics, antibiotics, etc.) yet
simulating the influence of drugs on heart function. 
they can still adversely influence the functioning of this organ.

Research team: Sebastian Polak, PhD; Barbara Wiśniowska, PhD; Aleksander Mendyk, PhD; Miłosz Polak, MSc, Eng.; Anna Glinka, MSc – all from the
Jagiellonian University and Kamil Fijorek, MSc – from Kraków University of Economics
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Nanowire brushes – the electrodes
of the future
→

layer of aluminum oxide is removed, resulting
in a uniformly arranged structure of nanowires that resembles a brush.
In recent years, numerous electrodes of
this type have been efficiently created at the
Electrochemistry Group (Faculty of Chemistry at the Jagiellonian University), including
both metallic ones (e.g., silver, gold, copper and antimony) and those
based on nanowires made from conductive polymers (e.g., polypyrrole). Current research focuses on practical applications of nanostructured electrodes and proves that they are quite varied.

Scientists from the Electrochemistry Group of the Jagiellonian
University have been working successfully for many years
on the development of fast and cheap methods of fabricating
a new type of electrode, based on the structures of metallic
or polymeric nanowires.

Surprisingly, 1 cm2 of the surface of such an electrode contains over
10 billion single wires with diameters ranging from ten to several
hundred nanometers (1 nanometer is one-billionth of a meter).
How to obtain
a nanobrush?
Contrary to what might be expected, creating this type of material
is not complicated at all. The first
stage consists of subjecting a small
piece of aluminum foil to controlled electrolysis, so-called anodization. As a result of this process,
a layer of oxide (Al2O3) emerges on the surface of the metal, and its structure contains uniformly placed channels of a size
ranging from several tens to several hundreds of nanometers. The
sizes of the channels and the distance between them as well as the
thickness of the layer of oxide obtained may be very precisely controlled by means of appropriate selection of electrolysis parameters.
As a result, a kind of nanoporous membrane is obtained, which
in a further stage act as templates
for the fabrication of nanowire
structures. The next task is to fill
the channels with suitable material – usually metal or polymer.
In the final stage, the redundant

↑
SEM images of nanostructured electrodes: silver (A) and copper (B).
The diameter of a single wire is approximately 80 nm

Blood tests, water
treatment and new
batteries
Electrodes based on silver nanowires are successfully applied as
electrochemical sensors used
to determine levels of hydrogen
peroxide (H 2O 2). Precise determination of even low amounts
of this substance is essential from
the medical point of view, as an increased level of hydrogen peroxide in the blood is observed in the
course of certain illnesses, such as
Parkinson’s disease. Unfortunately, human blood is a complex system, as it is composed of numerous
chemical compounds that could
potentially interfere with the determination of the substance analyzed.
However, it turned out that the application of an electrode in the form
of a brush consisting of silver nanowires allows for the precise determination of the level of hydrogen
peroxide regardless of the presence
of vitamin C, uric acid or glucose
in the analyzed sample. Recently,
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Another area of application of nanowire brushes (mainly tin
and antimony) refers to lithium-ion batteries, which are commonly used to supply power to most electronic devices: mobile phones, cameras and pacemakers. It proves that this type
of electrode offers a much higher capacity than commonly used
graphite electrodes. It is estimated that the application of material
in the form of nanowires will enable the working time of devices
powered by such batteries to be extended even several times over.
Unfortunately, before these electrodes can be mass-produced,
research has also been initiated on the application of nanostruca series of practical problems connected with the rapid wear of the
tured gold electrodes as sensors of adrenaline – a very important
electrode material, which results in lowering the battery capacity,
hormone, whose activity, manifested among others in the form
have to be solved. Work on developing an optimal structure is
still in progress.
of an increased heart rate, is felt by everybody who has
Electrodes made from polypyrrole nanoever been in a stressful situation.
The most important advantage of elecwires are also very interesting. Polypyrtrodes based on nanowire brushes is that
role is a long-chain organic compound
their surface comes into direct contact
(polymer), which, after appropriate
with the electrolyte, which is signifimodification, is characterized by
conductivity similar to those
cantly larger than that of “regular”,
of metals. At the Electrochemnon-nanostructured electrodes.
istry Group, an electrode was
This advantage is used, among
created based on polypyrrole
others, in electrocatalysis. For example, silver electrodes are analyzed
nanowires modified by organic
in the aspect of their application for
salts, of a diameter of approxithe purposes of removing harmful
mately 80 nm, which was succhemical compounds from water.
cessfully used as a pH sensor.
These compounds, so-called chloriThe examples presented
nated hydrocarbons, penetrate into
herein only make up a portion
groundwater as a result of the apof the issues currently being replication of pesticides and it is not at
searched at the Electrochemall easy to eliminate them. The apistry Group. There are plenty
plication of an electrode in the form
of
ideas for further research, in↑
of a nanowire brush significantly accluding studies on the practical
As a result of the application of pesticides, harmful substances, or the socalled “chlorinated hydrocarbons”, penetrate groundwater. Their removal
celerates the removal of these harmapplications of electrodes in the
is significantly accelerated by the application of an electrode in the form
of a nanowire brush. Photo: © Fotolia.com
ful substances.
form of nanowire brushes. 
Electrolysis – processes occurring as a result of the influence
of electric current passing through a system consisting
of electrodes and placed in a solution that conducts electricity. One of the types of electrolysis is electrocatalysis,
which consists of the acceleration of the said processes
through a strong interaction between the substances
participating in the reaction with the surface.

Research team from the Jagiellonian University: Professor Marian Jaskuła; Grzegorz Sulka, PhD; Leszek Zaraska, PhD; Joanna Kapusta-Kołodziej,
MSc; Agnieszka Brzózka, PhD; Katarzyna Hnida, MSc Eng.; Magdalena Jarosz, MSc; Elżbieta Kurowska, MSc; Ewa Wierzbicka, MSc; Karolina Syrek, MSc;
Anna Brudzisz, MSc
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The green face of coal

2 nm), called “micropores”. The surface
area of their sidewalls adds up to the total
mentioned above. In addition, it is worth
noting that apart from elemental carbon,
it also contains atoms of other elements,
including mainly hydrogen and oxygen.
The presence of a large number of superficial centers containing oxygen determines the above average
adsorption capacities of activated coal.
The microporosity described above is at the same time a disadvantage of activated coal, as larger particles cannot migrate
into such narrow channels because their size is greater than the
diameter of the pores. This significantly limits the applications
of activated coal, which has become a serious challenge for the scientific world.

Most of us associate coal with a raw material that is mined
and then used as a solid fuel. However, it turns out that carbon
materials are still more often produced on a laboratory or
industrial scale with the idea of be used in various advanced
applications.

The therapeutic effect of activated coal – a specific form of carbon
that perfectly binds chemical compounds existing in the environment – has been known for a long time. For example, in food
poisoning, activated coal eliminates microorganisms and toxins
from the human body.
Unique properties
However, the scope of application of activated
coal is much wider. These materials can
be found mainly in environmentally-friendly technologies, where
they are used as adsorbents
to eliminate contaminants
present in water and air.
They are also used as
catalyst carriers, catalysts and electrode
materials.
The main advantage of activated coal,
which makes these
materials so useful, is
their enormous surface area (which can be
imagined in form of a solid
that is cut through and laid
flat on a surface) characterized
by a specific chemical structure.
Typically, the surface area of 1 gram
of such material exceeds 1000 m2, i.e.,
10 ares. Squeezing such a large surface area into
a small portion of material is enabled only by the presence
of countless, very narrow channels (of a diameter smaller than

Carbon replicas
Various methods of synthesis of carbon materials with
a structure containing
much wider channels, e.g.,
of a diameter of 2 nm
to 50 nm (called mesopores), are being developed on an increasingly
wide scale. One of the
groups of materials proposed by scientists that
are characterized by such
properties is carbon replica. An innovative synthesis
method of such materials has
been developed at the Organic
Technology Research Group at
the Faculty of Chemistry.
This synthesis is based on the
application of a so-called structural template, i.e., mesoporous silica (SiO2) characterized
by a very homogeneous distribution of channels. If the pores
of such template are filled with a substance constituting a carbon
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precursor (a compound from which, after further processing,
carbon is formed), then after carbonization (heating at a high
temperature in an oxygen-free atmosphere) a hybrid system
emerges, composed of carbon located inside the silica channels.
The dimensions and shape of the carbon particle are determined
by the arrangement of the pores present in the SiO2.
The final stage of synthesis of the mesoporous material is
the removal of the silica by washing it out in hydrofluoric acid,
which selectively dissolves the SiO2 without damaging the carbon
component. As a result, carbonaceous materials are obtained
(e.g., CMK-3 type material), which exhibit a high
structural ordering. A good visualization of the
structure described is an image of a ready
carbon replica, type CMK-3, taken with
use of transmission electron microscopy (TEM).
The method of synthesis of the
discussed carbon replicas proposed by the Organic Technology
Research Group is cheap, effective
and replicable, which has been
verified experimentally with the use
of appropriate physical and chemical
methods (low-temperature nitrogen
sorption, powder X-ray diffraction, transmission electron microscopy).
Applications
The synthesized carbon sieve of a specific surface area within the range of 1000 –

↓
Adsorption and absorption. These two terms are often
confused although they refer to completely different
physicochemical phenomena. Adsorption consists in the
“adhesion” of particles of various chemical compounds
to the given surface by means of physical (van der Waals
force) or chemical interactions (formation of chemical
bonds). Absorption, on the other hand, refers to the
ability of the given medium to take up (absorb) a given
substance by its volume. Both processes can be jointly
referred to as “sorption”.

↑
Carbon replica type CMK-3, image taken with use
of transmission electron microscopy (TEM)

1100 m2/g and a total pore volume of approximately 0.9 cm3/g has proven to be
a very active catalyst in oxidative dehydrogenation of ethylbenzene. In the
future, this process may become
an alternative, more environmentally-friendly method of producing styrene, which is one of the
basic monomers used in the plastics industry. The effectiveness
of the CMK-3 replica in removing
volatile organic compounds from
the air was also tested and enhanced
adsorption properties were observed.
Thus, it can be assumed that the material developed may constitute a basis for the operation of modern filters
used in air purification. 

Research team from the Jagiellonian University: Piotr Kuśtrowski, PhD; Paula Janus, MSc; Sebastian Jarczewski, MSc
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Let light do the work!

→

single-use medical items like syringes, catheters, etc.,” said Professor Wojciech Macyk, the
leader of the research team. “But we hope
to use our sensitized TiO2 colloids also as
photoactive drug components,” he added.
In fact, a demonstrated phototoxicity of new materials may
lead to the development of an effective photoactive component
of drugs for therapies used to destroy viruses, bacteria, fungi
or tumor cells.

Titanium(IV) oxide opens up limitless opportunities.
Chemists from the Jagiellonian University are working
on its new applications.

Titanium dioxide (TiO2) is a material with well-recognized optical
properties. Titanium white, a commonly used white pigment,
gives paints unique optical properties (whiteness), good coating,
and durability. It also has found many other common applications
in the cosmetics and food industry, but a real renaissance of TiO2
is emerging. It’s the light-induced activity that makes titanium(IV)
oxide really special.
Chemists from the Jagiellonian University developed new
nano- and microcrystalline visible light-active materials based
on titanium dioxide, which can be used for purifying and sterilizing
surfaces, water and air. Such materials share a common name:
photocatalysts. In the future, people might be able to use them
as photoantibiotics or photodrugs used in anti-cancer and other
advanced therapies, but almost the same materials can find applications as optoelectronic devices for data processing.
New colors of white pigment
Titanium dioxide in nano- and microcrystalline form can be used
to create a uniform coating on various materials like glass, ceramics
and metals, but also on polymers. However, coating production is
not sufficient to obtain the desired effect. TiO2, like most stable
photocatalysts, is white. This color implies its photoactivity occurs
only under UV light illumination. Therefore it is beneficial “to sensitize it” to visible light. In other words, it is desirable to change
the color of the white paint. If this is done in a smart manner, the
applicability of this material can be significantly increased (see
image). Sensitization can be achieved in different ways, depending
on the expected properties and applications of the new material.
The team from the Department of Inorganic Chemistry, Faculty
of Chemistry (www.photocatalysis.eu), has developed several methods of TiO2 sensitization.
“The significance of the project depends on the planned applications of the new photocatalysts. Until now, our most promising
materials have proven to be useful in photo-cleaning and photodisinfecting applications, in particular as coatings of self-sterilizing,

How does it work?
The research also expands our basic knowledge of the methods
of photosensitization. The results prove that chemical and physical processes, which are crucial for photocatalysis, may be controlled by an appropriate modification of the surface of photocatalysts. Since the overall photocatalytic reactions usually involve
the activation of small molecules as primary steps, extensive
basic studies on these processes are also in progress. They are
supported by several funding bodies: the Foundation for Polish
Science, the Ministry of Science and Higher Education, the National Science Center and FP7. As a result of these studies, not

↑
Water and oxygen molecules (left) are photocatalytically converted at
developed TiO2 coatings into highly reactive species (right), enabling the
oxidation of pollutants and elimination of microorganisms. Graphics:
P. Łabuz
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only have new sensitization modes been elaborated, but a better understanding of reactive oxygen species photogeneration on the surface of titanium dioxide has also
been obtained. In particular, the conditions
for a more efficient formation of socalled
“singlet oxygen” have been determined.
Singlet oxygen plays a particular role
in therapies involving light.
Not only titanium dioxide
Photocatalysis are not limited to titanium dioxide-based materials; other, relatively simple chemicals may
show unique, photocatalytic properties. Reactive oxygen species can be
formed in the presence of other excited
oxides, like zinc oxide. On the other hand,
zinc sulfide (ZnS) can be considered as
an interesting photocatalyst for solardriven carbon dioxide reduction. Its applicability in artificial photosynthesis
of carboxylic acids from CO2 and other
substrates was recently demonstrated

as the result of a fruitful collaboration with Profs. A. Dibenedetto
and M. Aresta from Department of Chemistry, University of
Bari, Italy. The synthesis of carboxylic acids involves
processes inaccessible on the surface of titanium dioxide.
Several patent applications have
been submitted so far and there are
plans to commercialize the results
of studies that are conducted in collaboration with other research teams
within an international and interdisciplinary collaboration (in particular
with the group of Prof. P. B. Heczko
and Prof. M. Strus, Chair of Microbiology, Jagiellonian University Medical
College). Recent results have proven the
visible light-induced activity of coatings
produced at organic polymers on bacteria inactivation. Will this finding result
in safer products in the medicine
↑
or food industries? Will artificial phoSuch materials share a common name: photocatalysts. In the
future, people might be able to use them as photoantibiotics or
tosynthesis compete with natural prophotodrugs used in anti-cancer and other advanced therapies.
cesses? Only time will tell. 
Photo: © Ivanov Ivan | Dreamstime.com

Research team: Wojciech Macyk, PhD; Professor Grażyna Stochel; Przemysław Łabuz, PhD; Marta Buchalska, PhD; Rafał Sadowski, MSc, Eng.;
Tomasz Baran, MSc
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Molecular magnets – the multifunctional
materials of the future
→

Unique materials combining magnetism with other properties,
thousand years ago, magnetic phenomena
such as optical activity, porosity, sorption capacity or sensitivity are still protecting many secrets and scientists continue to discover new aspects
to light, may revolutionize future technologies.
of the mystery.
Most substances that surround us are
Magnets used currently are metal alloys and oxides. They are gray,
diamagnetic, which means they are only weakly influenced
heavy and hard, as anybody who has ever played with magnetic
by the magnetic field. A stronger effect, although still difficult
to observe in everyday life, is characteristic for paramagnets.
blocks knows. They may be covered with plastic to make them
colorful and pleasant to touch, but it does not inIt is connected with the presence of the so-called
fluence their weight in any way. How about
“paramagnetic centers” – metal ions or radiimagining light, colorful or transparent
cals containing unpaired electrons. Submagnets that glow in the dark? If we
stances that are strongly attracted by
were to succeed in creating such mamagnets are usually ferromagnets,
terials, their application would not
in which the paramagnetic centers
be limited to toys. Magnets are
are close enough to interact with
necessary for the functioning
each other. Each ferromagnet
of many indispensable devices
becomes paramagnetic above
from electric engines to coma certain temperature called
plicated electronic memory
the Curie temperature. At this
storage media. Materials that
point, its paramagnetic centers
combine the functions curbecome independent and charently performed by individual
otically arranged. They may
elements of complex systems at
align in parallel only in a strong
the molecular level (magnetism,
magnetic field. Below the Curie
conductivity, photoactivity, light
temperature, paramagnetic cenemission capacity) would enable the
ters start to notice each other and act
construction of smaller, cheaper and more
in a synchronized way. Some ferromagnets
effective devices. Creation of such multifunccan be permanently magnetized and maintional materials of the future is the aim of the work
tain an aligned arrangement of paramagnetic
of the scientists from the Inorganic Molecular
centers
even when they are removed from the
↑
Crystals of molecular magnetic material
Materials Group at the Jagiellonian University.
magnetic field.
Members of the team include not only experienced,
renowned scientists, but also young, promising adepts at chemistry
Squeezing the magnetic sponge
with a track record of such achievements as the Diamond Grant
Magnetic molecular materials studied by the scientists from the
or a gold medal in the International Chemistry Olympiad.
Faculty of Chemistry of the Jagiellonian University are created by
combining simple organic and inorganic molecules and ions into
extended architectures. The design of such structures resembles
Magnetic attraction
The magnetic force of attraction has been stimulating the human
building with Lego blocks. Using modern crystal engineering
imagination and thirst for knowledge for centuries. Although
methods, from an infinite number of elements called “building
the compass – the first magnetic device – was created over two
blocks,” scientists select those that offer the best chance to create
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a substance with the desired functions. It is not a simple task, as the
properties of the newly created materials depend on the nature
of the building blocks used as well as their relative arrangement.
One of the interesting properties offered by molecular materials
is the possibility to switch between magnetic states under the
influence of external factors: light, temperature, pressure or humidity.
Scientists from the Jagiellonian University succeeded in obtaining
magnetic sponges, in which the removal of water causes a reversible
rearrangement of structure associated with a change in magnetic
properties. They also constructed porous magnets sensitive to the
presence of water and other small molecules of gases or solvents.
Another achievement is the discovery of exceptionally interesting
compounds characterized by bistability, which may occur
in two different magnetic states, e.g., paramagnetic
and ferromagnetic, in identical conditions. Systems of this kind “remember their history”,
which means that they “know”, for example, whether they were previously
cooled or heated. Another possibility
offered by molecular materials is
the combination of magnetism with
interesting optical properties. The
research team at the Jagiellonian
University managed to create photomagnets switched by the light
and luminescent magnets that emit
light in the visible range.
Beyond known physics
The combination of properties
that have never coexisted in one
substance before sometimes leads

to the discovery of unknown physical phenomena. An important
example is chiral magnets, which, similar to natural sugars or
amino acids, show optical activity. When exposed to irradiation,
some chiral compounds emit light of the wavelength they are
exposed to, decreased by half (e.g., they emit blue light when
exposed to red light), which is used in laser technology. If such
substances are also ferromagnets, their emission capacity grows
significantly in a magnetic field. This phenomenon is called the
“magnetically enhanced, second-harmonic generation.” On the
other hand, the creation of microscopic magnets consisting
of single molecules has resulted in the discovery of quantum
magnetic effects.
The main problem in the practical application
of molecular magnetic materials is their low
Curie temperatures, which are in most
cases far below 0OC. However, there are
certain systems that become magnets at room temperature, which
proves that this problem can be
overcome. “Intelligent materials that can recognize the
presence of other substances
and respond simultaneously
to numerous factors in the form
of light, pressure or magnetic or
electric fields may, in the future,
change the methods of data
processing, storage of gases
or detection and neutralization
of harmful substances,” says
↑
Beata Nowicka, PhD, a member
Model of a molecule of the chiral magnet created
by scientists from the Jagiellonian University.
of the research team. 

Research team: Professor Barbara Sieklucka; Robert Podgajny, PhD; Beata Nowicka, PhD; Tomasz Korzeniak, PhD; Dawid Pinkowicz, PhD;
Szymon Chorąży, MSc; Olaf Stefańczyk, MSc; Bernard Czarnecki, MSc; Mateusz Reczyński; Alexandra Halemba; Anna Hoczek; Ireneusz Szewczyk;
Tomasz Dańko; Mirosław Arczyński; Wojciech Nogaś; Marcin Foryś; Justyna Rakoczy; Michał Magott
Collaborating team: Institute of Nuclear Physics, Polish Academy of Sciences: Professor Maria Bałanda; Professor Tadeusz Wasiutyński; Robert Pełka,
PhD; Magdalena Fitta, PhD; Jagiellonian University: Michał Rams, PhD; University of Science and Technology (AGH): Professor Czesław Kapusta
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Extraordinary systems
in the atomic nucleus
→

system. Calculations employing such models
are used, for example, for the purposes determining radiation doses in cancer therapy
or irradiation of food products (which is used
do disinfect food and prolong its shelf-life).
They are also used for the configuration of shields of complex
installations such as scientific accelerator systems (e.g. CERN) or
equipment for the neutralization of nuclear power plant waste.
Theoretical models generally describe only certain aspects
of reality. Their correctness and accuracy as well as the scope
of application are verified by means of observing the given
phenomena in nature. The point is to achieve the best possible
compliance between theory and practice while constantly striving
for perfection.
In 1996 the team from the Institute of Physics started studying specific nuclear reactions in which deuterons collide with
protons. Results obtained through
data analysis provided us with
a large amount of valuable information about the interactions within a system composed not of two, but three
nucleons. The physicists
showed, for the first time
in history, that research
on a system consisting
of three nucleons provides
surprising information. They
proved that it is not enough
to take into account only the
forces between pairs of nucleons in order to describe the results
correctly but that it is also necessary
to consider three-body forces.

Physicists from the Jagiellonian University are conducting
crucial experimental research on the interactions between
protons and neutrons, i.e., the elements of an atomic nucleus.

The team composed of physicists from various academic centers
in Poland and abroad, co-ordinated by Professor Stanisław Kistryn
from the Institute of Physics of the Jagiellonian University (JU),
provides the most accurate results in experiments analyzing the
dynamics of interactions between the basic particles constituting
an atomic nucleus – nucleons, i.e., protons and neutrons. This is
a new generation of research, important and valued by groups
of experts throughout the world.
Calculation models used by physicists to describe (reproduce the properties) of the world
have to be simplified by their very nature.
When physical phenomena from our
direct surroundings are explained
(e.g. the loads to which the armchair that we are sitting in is
subjected), classical Newtonian mechanics is sufficient.
In the case of more complicated problems it is necessary to take into account Albert Einstein’s theory
of relativity. A similar situation, when more detailed
insight requires the introduction of a more complex
description, is the case of analyzing the forces inside an atomic
nucleus.
Are two enough?
As far as understanding the forces inside the
atomic nucleus is concerned, the interactions between
two nucleons have been understood and described quite well for
a long time, regardless of whether we refer to two protons, two
neutrons or a deuteron – a special instance of the proton-neutron

↑
Core part of the detection system – a set of nearly 150 detectors, which simultaneously forms
a vacuum reaction chamber. The “mess” of cables serves to supply every detector with high
voltage (of about 2000 V) and to collect the electronic signals, carrying the valuable physical
information. Photo: E. Stephan
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Three means more than just three pairs
After years of studying nuclear forces it turned out that in order
to fully describe systems consisting of three nucleons simply adding
up the forces in three possible pairs of partners proves insufficient.
Such a method is very common – this is how, for example, orbits
in the Sun-Earth-Moon system are calculated: gravity forces between each pair (Sun-Earth, Earth-Moon and Moon-Sun) are taken into
account. In the case of nucleons such an approach is inadequate as
it turns out that there is an additional contribution to the total energy
of interaction. Theoreticians call this addition a three-body force.
This force is much weaker than the standard interaction between
two nucleons. This is why only very precise experiments, such as
those carried out by the group supervised by Professor Kistryn,
were able to prove its existence. Nowadays, theoreticians are able
to create a physical/mathematical model that also includes this
additional component of the dynamics of a three -nucleon system
and to integrate it with previously used descriptions.
“Only such complete calculations provided us with outcomes
that are perfectly compliant with our measurement results,” says
Professor Stanisław Kistryn. “This is a mutual success of experimental scientists and theoreticians which significantly improves
our understanding of the mechanism of the processes occurring
in systems composed of three nucleons,” the physicist adds.
The method is the secret
Research conducted by physicists from the Jagiellonian University
guarantees obtaining precise results thanks to the method which
ensures high experimental accuracy. This is possible due to the
development of adequate experimental procedures, which are
themselves an achievement, adapted by other research teams for

the purposes of projects in other fields of studies. What makes us
happy is the fact athat there is a prospect of continuing the studies
on systems consisting of several nucleons in Krakow. On Professor
Kistryn’s initiative, the experimental system used for the measurements described here was transferred to the Jagiellonian University
and installed in the hall of the new cyclotron at the Institute of Nuclear
Physics of the Polish Academy of Sciences in Bronowice. Since mid2013 an international research team has been conducting preparations
for the continuation of the research project in Kraków.
Understanding the details of the interactions in systems consisting of several nucleons is crucial for the transition to an even more
fundamental level, where the nucleon is treated as a complex
structure, consisting of quarks that interact mutually throughout
gluon exchanges. The attempt to describe the interactions between
these elementary objects of matter and to transfer such a description to the level of more complex objects, such as nucleons or atomic
nuclei, is a fundamental problem of contemporary physics.
To complete this image it is worth noting that on the level
of quarks physicists do not expect the existence of three-body
forces, which they currently use only as auxiliary tools enabling
them to account for the incomplete knowledge about the structure
of nucleons. It would be quite similar in the case of gravity forces
in a planetary system. If we treated the Earth (as well as the Sun
and the Moon) as a sphere without any structure, we would not be
able to calculate the orbit of the Moon correctly, because we would
ignore the influence of tides, i.e., the changes in the shape (internal
structure) of the interacting bodies. However, if we were forced
to apply such a simplified model of structure of celestial bodies, the
introduction of a model of effective “three-planetary forces” would
enable us to conduct correct astronomic calculations. 

Research team from Institute of Physics, Jagiellonian University in Kraków: Professor Stanisław Kistryn; Professor Andrzej Magiera; Professor
Kazimierz Bodek; Jacek Zejma, PhD; Izabela Ciepał, PhD; Aleksandra Wrońska, PhD; Rafał Sworst, PhD; Wiktor Parol, MSc; Ganshyambai Khatri, MSc
Cooperating institutions: Institute of Physics, University of Silesia, Katowice; Institute of Nuclear Physics, Polish Academy of Sciences, Kraków;
Institute of Physics, University of Warsaw; Institute of Nuclear and Accelerator Physics (KVI), University of Groningen, The Netherlands; Tata Institute
of Fundamental Research, Mumbai, India; University of Tokyo, Japan; Tohoku University, Japan
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Space laboratory of plasma physics

→

Apart from the commonly known states of matter: liquid,
solid and gas, physicists distinguish one more, a fourth state
called plasma. This kind of matter has an increasing number
of applications in modern technology. It is used, among others,
in television or computer screens and the rocket engines of the
future. This is why research on plasma is one of the essential
fields in modern physics.

The flow of cosmic plasma
“Our team came upon the original idea to use
the fact that the magnetic field can be deformed in a characteristic way, squeezed
and stretched by the movements of plasma.
On the other hand, a sufficiently strong magnetic field can control the flow of plasma,
which is important for its technological applications. Radio waves generated in galactic
Plasma is a mixture of free electrons and ions, i.e., atoms partly
magnetic fields inform us about the strength of the magnetic field
or completely devoid of electrons. It is often penetrated by a magand about the distortions of the magnetic lines themselves. Analyznetic field. Outer space is the perfect laboratory for plasma research,
ing their properties with use of radio telescopes, we can in our own
due to the possibility of obtaining properties that are unattainable
way ‘strew the iron filings’ across the galaxy, revealing the strucin laboratories on Earth, which provides various experimental conture of the magnetic lines,” informs Professor Marek Urbanik from
ditions. In dark, dense clouds of gas, the temperature falls below
the Astronomical Observatory at the Jagiellonian University .
–250°C, while in the remnants of supernova explosions it may reach
Scientists draw conclusions about the properties and moveeven millions of degrees above zero. Also in this cosmic laboratory
ments of plasma in galaxies by studying the shape of magnetwe can find both gas that is many billions of trillions times more
ic lines. The analysis of the radiation of galaxies at radio frequendiluted than air and matter that is
cies is performed using the largest
so dense that an object the size
radio telescopes in the world: the
of a die made from it would weigh
one hundred-meter giant in Efmillions of tons.
felsberg (Germany) and large netRadio astronomers from Kraworks of radio telescopes in India
ków also use this space laboratory
and in the United States. The reof plasma physics, focusing in parsearch is carried out in cooperaticular on the gas that fills galaxtion with the MaxPlanck Institut
ies gas and dust. The properties
für Radioastronomie in Bonn, Ruhr
Universität Bochum, Université de
of plasma are analyzed using its
magnetism. Each magnetic field
Strasbourg, Observatoire de Parishas a specific structure described
Meudon and Columbia University.
by the shape of so-called magnetIn spiral galaxies, the “filings”
ic lines that connect the magnetfrom the experiment described
above would show the presence
ic poles. In Earthly conditions, we
can discover the structure of these
of twisted magnetic lines that look
lines by means of a simple experilike spirals. This is a result of the
ment. Simply put a glass panel on
co-called dynamo process, conthe magnet, strew some iron filtrolled by the rotation of the galings on the glass and tap on it lightly. ↑
axy. It amplifies and arranges the
Irregular galaxy NGC 4449. The image in visible light (so-called Hα line) is shown in red.
The filings will arrange along the
magnetic fields, giving the form
White lines: this is how iron filings would be arranged if only we could strew them across
the galaxy. Longer lines mean more orderly magnetic fields.
lines of the magnetic field.
to magnetic lines described above.
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However, there is a whole class of irregularly shaped galaxies that
rotate ten times slower than spiral galaxies. Even just a few years
ago it was believed that the magnetic dynamo process cannot exist
in such conditions and that such objects are devoid of magnetic
fields. However, the research team at the Jagiellonian University, while observing one of the slowly rotating, irregular galaxies using a network of 27 antennas in the United States, made
a surprising discovery: the metaphorical “filings” still show the
existence of a spirally arranged magnetic field, which is strong
enough to control interstellar plasma in this galaxy. “This led to the
necessity of developing new theories of the evolution of galactic
magnetism, and we are actively participating in this process,” added
Professor Urbanik.
Magnetic analysis of galaxies
The diagnostics of plasma movements based on magnetism proved
to be a perfect tool for the analysis of gas flow in galaxies, which
mutually perturb their structures through forces of gravity. Such
objects are characterized by the presence of very strong effects
of squeezing gas, which causes the “compression” of magnetic lines
along the front of the wave squeezing the plasma. This phenomenon
is visible in the form of narrow ridges of highly ordered “filings”,
allowing for the localization of gigantic, interstellar shock waves.
Analogically, magnetic lines bent outwards from the galaxy indicate
that streams of magnetized plasma are thrown out of this object.
Such magnetic diagnostics have proven particularly useful in the
research on galaxies grouped in clusters. The extensive program

of research on magnetic fields in galaxies in the Virgo cluster, inspired
by the scientists from the Faculty of Physics, Astronomy and Applied
Computer Sciences at the Jagiellonian University and conducted
in cooperation with the institutions listed above, enabled creation
of a whole catalogue of various disturbances in gas movement
in galaxies grouped in clusters. Phenomena found there include,
among others, shock waves that are thousands of light years long,
as well as intergalactic clouds and streams of magnetized gas
drawn out from galaxies. These effects are almost unnoticeable
in visible light, which makes the radio methods used by scientists
from Kraków particularly useful diagnostic tools.
The existence of magnetized intergalactic plasma in clusters
consisting of hundreds of galaxies was already proven more than
ten years ago, although at that time little was known about the intergalactic magnetism in galaxy groups consisting of several objects. Meanwhile, scientists from Kraków, using a network of antennas in the United States, discovered ordered magnetic fields
in a galaxy group called Stephan’s Quintet. The magnetic fields
there are so strong that they can control the physical processes
in intergalactic plasma.
These examples do not exhaust all results of the works of scientists from the Kraków center. “Studying such exotic objects as galaxies, we managed to collect a wide database concerning various
properties of magnetized plasma in conditions unattainable in laboratories on Earth. This is a valuable supplement to our knowledge
about the physics of plasma, which is so important for the development of modern technologies,” Professor Urbanik concluded. 

Research team : Krzysztof Chyży, PhD; Robert Drzazga, MSc; Wojciech Jurusik, MSc; Professor Marek Urbanik; Marian Soida, PhD; Jacek Knapik, MSc;
Błażej Nikiel-Wroczyński, MSc; Professor Katarzyna Otmianowska–Mazur; Natalia Nowak, MSc
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Mathematical forecasting of the future

→

culation of the value of the function for
future moments results in the expected
forecast. If we change relevant parameters
of the process, and thus also the equation
coefficients, we may control it, obtaining
a predefined objective in the future. This
method is the foundation of the whole
scientific and technological revolution
of the eighteenth and nineteenth century.
Unfortunately, most differential equations cannot be solved
precisely, so traditional approximation methods, or so-called
numerical methods, are used. They are affected by various types
of errors, in particular flaws related to the necessity of rounding
in calculations. As a consequence, one cannot be certain that
a solution is acceptable. This is usually tested experimentally, and the accuracy of calculations is increased
if necessary.
However, sometimes conducting an
experiment can be costly and unproductive. The first flight of the
Ariane 5 rocket in 1996 ended
in a disaster precisely because
of an error in numerical calculations. Four satellites that the
Ariane was supposed to put
into orbit were lost. Total
losses amounted to 70 million dollars. This was the most
expensive failure resulting
from numerical errors in history, and it undermined trust
in the European space program
for many years.

Scientists from the Division of Computational Mathematics of the
Faculty of Mathematics and Computer Sciences of the Jagiellonian
University have been conducting a wide-scale research project
devoted to rigorous numerical analysis of dynamical systems
for nearly twenty years. Their advanced mathematical studies
are related, among other things, to forecasting the future.

It is not easy to explain the nature and benefits of this research
without getting into mathematics and its specific language. However, when attempting to do so, it is worth delving into the historical
scientific background of the subject.

The power of differential equations
People have always wanted to foresee the future and be
able to influence it. When Isaac Newton published
his famous three laws of dynamics in the
second half of the seventeenth century, the forecasting of future events
bravely entered the field of scientific
research. This was due to the discovery of differential and integral
calculus by Newton and Leibniz, which enabled to state the
laws and processes of physics in the form of differential
equations.
Contrary to algebraic equations from school, the solution
of a differential equation is not
a number, but a function describing the course of a given physical
process in time. Additionally, there are
an infinite number of solutions. In order
to select one specific solution, the value
of the function at a given moment is set.
In the case of forecasts, the needed func↑
tion is selected with the use of the state
As a result of errors in numerical calculations, the first flight
of the Ariane 5 rocket in 1996 ended in disaster. This was the
of the process at the current moment,
most expensive failure resulting from computational errors
in history. Photo: © Amskad | Dreamstime.com
determined through measurement. Cal-

Consequences of problems
with weather forecasting
Adjusting the solution by means of conducting more accurate calculations is
based on the assumption that a small
difference in the initial data leads to neg-
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ligible differences between solutions. The analysis of differential
does not enable us to determine whether we are dealing with the
equations connected to weather forecasting has distorted this
phenomenon of chaos in a differential equation, either. Howevsimple vision.
er, it turns out that when it is connecting to topology, such a verFrom a theoretical point of view, the method developed by
dict is possible.
Newton is perfectly suitable for weather forecasting. As we have
differential equations describing the state of the atmosphere,
When a cup and a donut are indistinguishable
it is enough to solve them to obtain a forecast. This approach,
Topology is a separate area of mathematics that emerged at the
which, by the way, led to a miserable failure, was tested for the
beginning of the twentieth century in the works of the French
first time in 1922 by the English scientist Lewis Fry Richardson.
mathematician Henri Poincaré on the stability of differential equaHe explained that his failure was a result of the inaccurations describing the dynamics of our planetary system. This
cy of calculations.
field of mathematical studies, which has already
The creation of the first computers rebecome independent, concerns the propvived hopes for successful weather foreerties of space (e.g. geometric figures)
casts based on numerical methods.
that are preserved under continuous
However, success was limited: only
deformations including stretchshort-term forecasts were accuing and bending, but not tearrate. Edward Lorenz, an Amering or gluing.
ican mathematician and meSuch properties include
teorologist, suggested in the
the number of holes in space.
1960s that there might exist
From the point of view of todifferential equations with
pology, a cup with a handle
a sensitive dependence on
and a donut are indistinsolutions of initial condiguishable, as the cup can
tions, which is today shortbe transformed into a doly described as chaos. In such
nut without tearing or gluequations, even the slightest
ing. In this process, the openchange in the initial conditions
ing in the handle of the cup is
leads to enormous changes in sotransformed into the hole in the donut. Both of these objects are topologlutions.
For differential equations in which the
ically distinguishable from a glass ball,
phenomenon of chaos occurs, numerical
which is devoid of any holes.
analysis is significantly more difficult and,
In the mid-1990s, Konstatntin Mis↑
in the case of long time intervals, even imchaikow and Marian Mrozek referred
Visualization of the differential equations discovered by Lorenz.
possible. Even worse, it is generally imposto topological methods demonstratIt demonstrates the sensitive dependence of solutions on initial
sible to determine whether chaos occurs
ing a new method, which practically
conditions, so-called deterministic chaos
in an equation with the use of classical nudocumented the existence of chaos
merical methods. The realization of this fact initiated a search for
in a specific differential equation. Encyclopedia Britannica conalternative methods.
sidered the result of their work to be one of the four most imporA tool which enabled the accurate estimation of rounding
tant achievements in mathematics in 1995. On one hand, it proved
in numerical analysis, so-called interval arithmetic, was dethat rigorous numerical analysis of chaotic differential equations
veloped in the mid-twentieth century by Polish mathematician
is possible. On the other hand, it posed a series of questions about
Mieczyslaw Warmus and, at the same time, by the American
performing it, as the original proof of chaos in the Lorenz equascientist Ramon E. Moore. The essence of interval arithmetic is
tions required performing eighty hours of calculations.
conducting calculations on intervals in the form [a, b] so that the
accurate, although unknown, result certainly lies within the calFurther tasks
culated interval. Unfortunately, the size of the interval increases
This started a multi-dimensional project that has been in process
with the number of calculations performed, and thus the pracsince that time at the Division of Computational Mathematics,
tical value of the estimation decreases. Interval arithmetic itself
with the objective to achieve a rigorous and automated numeri-
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cal analysis of a wide class of differential equations. “Our work
covers, among others: the development of theoretical methods
enabling a detailed analysis of solutions of differential equations
basing on rigorous numerical methods, topological and analytical
tools, but also the development of effective interval algorithms
for differential equations, algorithms for the determination of socalled topological invariants, and algorithms enabling an automated
and rigorous numerical analysis of differential equations,” explains
Professor Marian Mrozek, who coordinates the research carried
out at the Jagiellonian University.
Within the realization of the main project, a surprisingly new
and important parallel project emerged. It turned out that in recent
years the number of applications of topology outside mathematics has rapidly increased. It is used in image recognition, the
classification of texts, the analysis of experimental data, robotics,
and sensor networks. “Our experiences related to topological
algorithms proved very useful. They are now applied also outside
the original designation which was aimed at the numerical analysis
of differential equations,” Professor Mrozek informs.

So far, scientists have succeeded in developing a CAPD library
consisting of over 60,000 lines of code, which is used for rigorous
numerical analysis of differential equations, and a sub-library
CAPD::REDHOM, which encompasses the implementation of topological algorithms. The library contains computer programs
that enable the practical application of the discussed methods.
It is successfully used by numerous scientists, both in Poland
and throughout the world.
Sampled dynamical systems are another important area
of research. “The topological method of analysis of differential
equations may be adapted for the analysis of processes for which
we do not have a ready differential equation yet. However, the
verification of such analysis must be based on a tool other than
interval arithmetic. We are planning to use the method of so-called
persistent homology for this purpose. If we succeed, we will have
a very powerful instrument for automatic analysis of a wide class
of dynamical processes — from differential equations through
iterated function systems, to time series and parameterized dynamical systems,” Professor Mrozek concludes. 

Research team: Paweł Dłotko, PhD; Marc Ethier, PhD; Paweł Gniadek, PhD; Mateusz Juda, PhD; Tomasz Kapela, PhD; Małgorzata Moczurad, PhD;
Professor Marian Mrozek; Daniel Wilczak, PhD; Professor Piotr Zgliczyński; Marcin Żelawski, PhD; Piotr Brendel, MSc; Aleksander Czechowski, MSc;
Grzegorz Jabłoński, MSc; Piotr Kamieński, MSc; Łukasz Piękoś, MSc; Piotr Rytko, MSc; Robert Szczelina, MSc; Hubert Wagner, MSc; Irmina Walawska, MSc;
Frank Weilandt, MSc
Major research partners: the Institute of Science and Technology, Austria and Rutgers University, New Jersey, USA.
This article is licensed under a Creative Commons License:
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