Hydrogel-based model of membrane potential genematand its implications for early embryogenesisnaw
perspective on cell's membrane potential.
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Two general features characterize each healthyitehbility to maintain an ion concentration gead
across the cell membrane and its ability to geeesatelectric potential difference between the sptand the
extracellular fluid. Inside of a cell the concetia of potassium ions (K is much higher than that of sodium
ions (Nd), while the situation is reversed outside of tiadl.clt is recognized that the difference in ion
concentrations is maintained by energy consumingpsulocated in the cell’'s membrane. Another astettia
theory is that of membrane channels, which allowsito move through the membrane down their conatoir
gradients, but at different rates. Becausedds move out of the cell at a faster rate thahibias penetrate in, a
difference in voltage across the cell membranedated. This results in a negative voltage of hwaigh respect
to its outside. The magnitude of this voltage,arhitesting membrane potential, defines physioldgitze and
function of the cell.

Different resting membrane potential is charactierifor different cells’ types. Plastic (undergoing
changes and fast division), embryonic, steam, betb @ancerous cells have less negative potentah th
terminally differentiated cells. So, if we can affemembrane potential, we can possibly control’'sell
performance. It is very intriguing idea to find@esific space, determined by some physico-chemiaameters
(e.g. pH, CQ, infrared radiation, electrolytes), for each dgple. Then adjusting those parameters could allow
shifting cells from one state to the other. In féichas already been shown that by changing ggttential it is
possible to reversibly block cell division. Havilngmind that e.g. cancerous cells have specifieqt! that
determines their proliferative ability, affectingliage could hamper their spreading. Then, adjgstéasting
potential can affect regenerative properties diediint tissues or organs, by stimulating divisidnmeaspective
cells. As already suggested by other studies, abofr electric potential could become very usefobltin
medicine.

Our study in particular will focus on the effect gél-like characteristics of the cell on its elactr
properties. lonic pumps and channels, now assumbé solely responsible for generating membranenpied,
are highly sophisticated biological machineriesigsinetabolic energy to function. In fact, sincelyedays of
introducing of membrane theory, there have beenescomcerns, that cell cannot produce enough ertergy
support their work. And there have been experimshtsving that cell can maintain its electric projgsreven
without an intact cell membrane. This is becaudkcamnot be treated simply as a bag of aqueougisnol
enclosed by a membrane, without which its contemildvleak and mix with the surrounding fluid. Cislin fact
a gel-like body maintaining its integrity even whmembrane continuity is affected. And gels have ynaell-
studied properties, some of which resemble fund#émhdratures of living cells. For example, manysgel
generate negative electric potential. And in fadbas been already shown that gelatinous compsrard cell
can create voltage without the input from membraased pumps and channels.

We are used to think of any properties of a celteasilting exclusively from biological processesit B
there is also chemistry and physics of differeatest of matter, e.g. gels, that applies also tdical world
and at cellular level. While ionic pumps and chasnéefinitely play their role in fine-tuning of estric
potential, it seems plausible that cell does neeha expend its energy on simply maintaining poétmt its
resting value. Cell's intrinsic gel-like state maypport the latter feature. Based on these coradidas, we
would like to create abiotic, gel-based model ofrheane potential generation. We can use this modstudy
effects of specific stimuli — CQO(respiratory gas), infrared (metabolic heat) arethanic deformation - on
electric potential. Model's predictions can be fred in systems involving living cells. We will stdfrom algal
cells and proceed toward animal embryos. Contrehefmbrane potential can be very useful tool for rging
applications in medicine founded on bioelectricather than biochemical, communication. In our wavk will
first focus on the role of membrane potential inbeyngenesis, the first and fundamental procesggarosm



development. At this stage continuous exchangenfofrnation, also by bioelectrical signaling, is alogely
crucial for proper cell division and differentiatio

Resear ch tasks

e Study of voltage generation across a hydrogel mangr(mimicking intracellular structures) and
development of a model to be applied in biophysitadiies;

« Electrophysiological measurements of membrane giatén algal and chick embryo’s cells in response
to selected environmental stimuli (from the persipewf the gel-based model).

Requirements

« Master's degree in Biology, Biochemistry, Bioteclogy, Chemistry, Bioengineering, Physics or
related field;

« Basic knowledge of cell biology, biophysics;

e Good command of English enabling communication, epshdent manuscript preparation and
presentation at international conferences;

« Ability to perform lab work, independently plan aegecute experiments and willingness to constantly
deepen your knowledge based on the literaturedrfigid.

« Previous experience and/or knowledge in the fiélslyathesis and physico-chemical characterization o
gels, electrochemistry or electrophysiology of &lill be an asset.



