
 

 
 

Prague, 29
th
 April 2014 

Dear committee members,  

It is a pleasure for me to evaluate the thesis “Studies of membrane protein structure and function using 

polarization microscopy“ presented by Alex Bondar, MSc. I am aware that this work deals with highly 

relevant biological questions. On top of this, original technology was developed by the applicant and 

the team based on linear dichroism in combination with 2 photon microscopy that allow to address 

these questions.  

The fact, that the technology was described in such a highly prestigious journal as Nature Methods is, 

reflects the quality of the research, as well as the need of development of such techniques.  These are 

crucial for exploration of complex biological systems. Indeed, the work that followed this original 

methodological paper did in the pace of the studies of Alex Bondar continue in logical direction. Next 

paper documents the usefulness of this technology in shedding more light on so far unsettled 

fundamental question about the GPCR-G protein relationship prior to the receptor activation. Also, the 

fate of the G proteins upon the receptor activation is logical continuation of the studies.  

It would be redundant to do just another review in this place, since the publications that are 

fundamental for the thesis were reviewed in the highly respectable journals prior the publication. Thus 

I have just few questions, or suggestions, that exceed the scope of the thesis, but yet might be of 

interest hopefully: 

 

1. Several approaches using fluorescent tags and energy transfer were used to study the fate of 

activated G-proteins as well as their association with the GPCRs prior the agonist application (pre-

coupling). Can you summarize the approaches and link the outcomes with the techniques?  

 

2. Should we assume, that the model describing GPCR signaling as a multiple conformational state 

equilibrium system, in which the agonists promotes one or more of the active states, than even without 

agonist, certain pool of receptors should be in the active state. Thus, these receptors that reach active 

state even without the agonist should be interacting with the G-proteins.  Did any of these studies use 

inverse agonist prior to agonist application?  

 

3. For the adrenergic receptors, did you use different bias agonists in the studies following the fate of 

the G-proteins during their activation?   

As a conclusion, I propose that Alex Bondar, MSc.deserves the Ph.D. title based on the presented 

thesis. 

 

Doc. MUDr. Jaroslav Blahoš, Ph.D. 

opponent 
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Alexey Bondar: Studies of membrane protein structure and function using polarization 
microscopy 

In his PhD thesis Alexey Bondar tries to understand G protein signal transduction using two-
photon polarization microscopy (2ppm), demonstrating that interactions between G protein subunits  
and thus the G protein activation and can be studied by this technique in live cells. The thesis also  
includes a huge part of technological development, as the studied system is the very first studied by  
2ppm and serves as a proof of concept. Nevertheless, the reported result that Gi/o proteins do not pre-
couple to their cognate G-protein coupled receptors (GPCRs) is of high physiological relevance, as it  
was  assumed earlier  that  binding  between inactive  G proteins  and GPCRs is  responsible  for  the  
specificity and fast kinetics of the interaction between these proteins upon activation.  
  The thesis itself can be separated into four parts: 44 pages of a comprehensive introduction into the  
field and the methodology, followed by a detailed 10 page "Materials and Methods" section. The core  
part then are three papers that back up the thesis and are adapted to form the "Results and Discussion"  
section. The thesis finally concludes with a 6-page "Conclusion" section that discusses and sums-up  
the  three  main  findings  of  the  candidate's  scientific  work:  1.  2PPM  is  a  very  promising  novel  
technique to study membrane protein structure and function in live cells. 2. Dissociated G αGTP and Gβγ 
protein subunits are the major form of G proteins and finally 3. Gi/o proteins do not pre-couple to  
GPCRs in the active state. introduction of the observed systems, including a summary and discussion  
of results for each studied system, and the attached publications to back up the thesis. 
The thesis is very nicely structured and easy to read. After starting with a few philosophical thoughts  
about "Seeing is believing" and the role of membrane proteins in general, the reader is introduced into  
the aims of the research work right away. So already on page 6 the reader has a very clear picture what  
the  thesis  will  be  about.  This  is  followed  by  a  detailed  introduction  into  various  microscopy  
techniques,  fluorescence  and  the  essential  physics  needed  to  understand  the  thesis.  Finally  the  
biological system is introduced and the reader is updated with state-of-the art knowledge with respect  
to G proteins. I also appreciate the "Materials and methods" section that goes beyond the information  
given in the individual papers.

The thesis contains a huge amount of experimental work of a remarkable broadness, from molecular  
biology,  Western  blotting,  electrophysiology,  microscopy  (2ppm,  FRET,  confocal)  up  to  image  
processing. The candidate to date published or submitted 6 papers, on four of which he is the first  
author. Three papers are included in the thesis and make the "Results and Discussion" section while  
the additional three are very closely related to the methodology development and in my opinion could  
have been included in the thesis easily, however, I also understand the reasoning for not including  
them as they do not contribute to the G protein study directly. It is necessary to note that one of the  
included papers has been published as a full paper in Nature Methods with an impact factor of 23.6  
and has  gained  to  date  already 12  citations,  which  is  remarkable  for  an  experimental  paper  that  
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describes a novel method. The main physiological finding has been published in JBC, which is one of  
the leading journals in the field.

Questions for the defense that should be addressed by the candidate:

1.  Is it possible to estimate the detection limit in terms of  local intracellular concentration of the fluorescent 
protein  

2. The reported results exclude the pre-coupling model, and argue for the presence of a mechanism that ensures 
fast and efficient GPCR signal transduction. This could be probably managed by either kinetic scaffolding or 
spatial confinement of molecules to membrane micro-domains, as is mentioned in the thesis. Do you have any 
evidence for the one or other model? What is your personal opinion on the probability of each model?

3.  Before  succeeding  to  get  functional  fluorescence-tagged  G  proteins  you  probably  tried  various 
linkers/constructs. How hard it is to get a working construct and how large do you estimate the risk, that the 
fluorescence-tag alters protein functionality and that the resulting construct behaves different from wild-type?

4. One paper has been submitted to PLOS one recently.  Is there already any feedback from the reviewers?  

5. Two papers have been included as manuscripts ready for submission. Have they been submitted already and if 
yes, to which journals?

Finally, it is my pleasure to state that Alexey Bondar until now conducted internationally recognized  
high quality science. The well written thesis that tells a thrilling story and the publications that back up  
the thesis show, without leaving any doubts, that the applicant fulfills all criteria for being awarded a  
PhD degree not only from the University of South Bohemia, but from any University in the world.  
Therefore I can fully recommend Alexey Bondar for being awarded the PhD degree with honors. 

(Český doplněk: Alexey Bondar jásně prokázal tvůrčí schopností, prácé bez sebemenších pochybů splňuje 
požadavky kládené na disertační přáce v oboru biofyziky) 

Prof. RNDr. Rüdiger H. Ettrich, Ph.D.

Institute of Nanobiology and Structural Biology of GCRC
Academy of Sciences of the Czech Republic
and 
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