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1. PHD PROJECT DESCRIPTION (4000 characters max., including the aims and work plan, all in 
English)  

Project title:   

Regulation of ATP-sensitive ion channels by ligands and membrane lipids 

1.1. Project goals 

 To develop the multiscale molecular dynamics methods for ion 
channels computer modelling 

 To gain  fundamental understanding at molecular level  how activity of 
ion channels are regulated by small molecules present in the cellular 
environment 

 To check computationally what is a role of physical and chemical 
properties of  biological membranes in  regulating ion channels 
dynamics and structure  
 

1.2. Outline 
 

The project is in the area or theoretical molecular biophysics. Adenosinotriphosphate (ATP) is well 

known and abundant “energy storage” molecule. ATP-activated ion channels have been found in a 

wide variety of cells. They have two main physiological functions: to stabilize the resting membrane 

potential and to facilitate the transport of ions through the membrane [1]. The physiological activity 

and functions of ATP-regulated ion channels depend on  precise regulation of a pore opening and 

the ion flux. Major factors that regulate the pore opening include nucleotides (ATP and others) and 

a variety of membrane lipid modulators (PIP, cholesterol, etc.).   
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The project aims to gain a fundamental understanding of how substrates present in the typical  

ATP-regulated ion channel affect the channel activity and how this process is influenced by 

changing the chemical  composition of a biological membrane. For this purpose, molecular 

dynamics (MD) methods will be used as a main research tool. However, the microsecond time scale 

of the transition from open to close state of the channel calls for  using either advanced 

computational sampling MD methods such as metadynamics [2] or rex-GaMD [3], or coarse-grained 

(CG) MD approach [4]. 

 

Within this PhD project, a variety of computational  approaches will be used to simulate the 

dynamics of ion channels alone and upon ligand binding. Especially, to reduce the negative effects 

of deteriorated accuracy CG simulations, we will use one of the hybrid models – so-called Fixed 

Resolution method [5] (FR). In such a method, the molecular system is represented as a 

combination of elements with different levels of a detail. The crucial parts of proteins, which are 

likely to play an important role in processes we are interested in, are represented in a full atomistic 

detail. In contrast, the rest of the system, such as solvents or membranes, are simulated with the 

coarse-grained resolution. Combining high-resolution atomistic simulations with a low-resolution 

CG description is a challenging task. However, it has been successfully applied in simulations of 

membrane processes [6], protein folding [7], and G-protein coupled receptors ligands binding [8] 

studies. Here we will extend the area of applications of such methods into ion channel modelling 

area.  

  

Using MD simulation we recently have gain better understanding of Kir62/Sur1 potassium ion 

channel involved in control of glucose level and diabetes [9,10]. Successful application of these 

approaches in ion channel systems can open new perspectives in complex systems simulations in 

biology, chemistry, physics, bioengineering, and all other disciplines in which multiscale MD 

methods may bring better understanding of physics of living matter..  

1.3. Work plan 
 

 Mastering  methods of molecular dynamics, Monte Carlo and statistical physics 

 Building series of ATP-regulated ion channels models 

 Developing a computational scheme for metadynamics/rex-GaMD method in the ion 
channel system 

 Developing a computational scheme for CGFR method in the ion channel systems 

 Testing the approaches, reaching millisecond timescales of simulation or enhancing the 
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slow conformational change of closing and opening of the channel. 

 Systematic review of membrane and ligand possible effects on ATP-regulated ion channel 
dynamics    
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Required initial knowledge and skills of the PhD candidate 
 

 Analytical thinking 

 Basic programming skills, willing to learn more 

 Good understanding of physics, basic understanding of chemistry, mathematics and 
biology 

 Curiosity 

 

1.5.   Expected development of the PhD candidate’s knowledge and skills 
 

 Deep understanding of advanced modelling methods used in computational biophysics 

 Understanding of potassium channel architecture and physiology  

 Improvement of programming skills (Python, Unix) 

 “Fluency” in work in international scientific settings 
 
 
 

 

2. INFORMACJA O DOROBKU NAUKOWYM PROPONOWANYCH PROMOTORÓW PROJEKTU 
 

A. Proponowany promotor  
Prof. dr hab. Wiesław Nowak 
stopień/tytuł, imię, nazwisko 

a. Granty zdobyte w ciągu ostatnich 5 lat 

1) “ANTICO - Virtual AFM as a tool for testing ANTI - COvid drugs”, grant wewnętrzny IDUB, 75 tys. zł 

2) “Structural Determinants of Optical Control of Insulin and Neuroligin Release by Photoactive Protein 
Ligands”; N202 262083,  OPUS12, 2017-2021, 730 tys. zł 

3) Współautor COBRE_Pilot (5 x PI) , Grant NIH, USA, ok. 10 000 USD. 2016-2017 

4) „CRAZY Project” – projekt budowy Magnetic Tweezers  na UMK (IDUB, 100 000 zl) - 2021 

5) Projekt współpracy Japońsko-Polskiej „Photoactive Drugs” Osaka Univ. 2015. (wraz z H.Nakamurą) 

6) DIOSI – projekt edukacyjny UE H2020 (ok 20 tys. euro) 

7) Współautor projektu NAWA-STER (2 mln zl UMK) – umiędzynarodowienie szkół doktorskich 

8) Projekt SPINAKER : szkoła letnia „Science Crosses Borders: Drug Design  Testing” – 37 000 zł, 2021 

 

b. Wartości indeksu Hirscha 

wg Google Scholar 20 

wg Scopus 18 

c. Liczba cytowań 

wg Google Scholar 1487 




