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Review of the PhD thesis entitled  
”Kinetic behavior of the NAD(P)H:Quinone oxidoreductase WrbA from Escherichia coli” by 
Iryna Kishko 
 
The aim of this PhD thesis was to purify WrbA oxidoreductase, determine its structure and elucidate 
mechanism of its enzymatic action via a detailed characterization of the reaction kinetics. WrbA is an 
enzyme which belongs to a group of flavin containing oxidoreductases and exhibits a similarity to 
both the prokaryotic FMN dependent flavodoxins and eukaryotic FAD dependent oxidoreductases. As 
the exact physiological role of this enzyme remains unknown, elucidation of the mechanism of its 
action could significantly contribute to the clarification of this role. 

PhD thesis of Iryna Kishko represents an example of the „classical“ type of the thesis 
structured into Introduction including aims, Methodology, Results and Discussion, and Conclusions. 
All these chapters have separate References which is not quite usual but in my view it simplifies 
searching for the specific references. Introduction (~30 pages) gives an overview on oxidoreductases 
and their classification, basics of enzyme kinetics and structure of the WrbA protein from E.coli. This 
chapter also includes aims of the thesis. Chapter II-Methods (~20 pages) is divided into two parts: the 
first one describes theoretical aspects of procedures and methodologies used in the thesis while the 
second one describes in detail their practical performance. The question is whether it is necessary to 
describe theory of generally used methods like electrophoresis, chromatography or absorption 
spectroscopy in PhD thesis, I think it is appropriate for diploma thesis but not for PhD thesis. The 
described methods involve molecular biology and biochemical tools used for preparation and 
purification of WrbA, its structural characterization using limited proteolysis, NMR and 
crystallization in combination with X ray diffraction analysis, and detailed characterization of the 
enzyme kinetics. Both chapters demonstrate a good knowledge and overview of Iryna Kishko about 
the topic of the thesis.  
 The first part of the Results and discussion section (in summary ~50 pages) describes the 
overexpression and isolation of WrbA and here (page 54) I found unnecessary repeating of the 
procedure details which were previously given in the Methods section on page 42. Then the 
procedures for crystallization of WrbA under various conditions and with various substrates are 
described and their results shown. I found confusing that on page 57 it is said that efforts to grow 
crystals of WrbA-FMN were unsuccessful while table III-1 is described as representation of 
successful conditions for WrbA-FMN crystallization. Here it is certainly worth to mention the finding 
submitted in a manuscript that although the good crystals were obtained with FAD, the protein within 
the crystal paradoxically binds FMN. This was revealed by successful X ray diffraction analysis and 



obtaining protein structure with the excellent resolution of 1.2 Å. The method of limited proteolysis 
was then used to assess the oligomeric state of the isolated apo- and holoenzyme in solution. Both 
dimers and tetramers were suggested to be present in solutions of both proteins with higher level of 
tetramers in the case of holoenzyme (unlike the occurrence of tetramers in the holoprotein crystals ). 
The presence of both dimeric and tetrameric forms was also speculated as the reason for the 
occurrence of two plateaus in the dependence of enzyme reaction rate on concentration of substrates. 
This was further analyzed under various conditions (temperature, pH, presence of modulators) and 
indirect support for this hypothesis was obtained. Finally, the ping-pond mechanism for the enzyme 
reaction was proposed based on measurement of kinetics at various fixed concentrations of both 
substrates, NADH and BQ. 

Formally the thesis is written in good English and I found just few unclear English expressions 
or typing errors which were more frequent at the end of the thesis, for instance on page 92 one 
sentence is repeated twice. Concerning figures, I found sometimes difficult to understand what they 
show due to their frequently lower resolution (figures with crystals and molecular structures), small 
size (figures with plots) and insufficient description and designation. Abbreviations would be good to 
sort alphabetically for faster searching. 

I have few questions: 
1. One part of the results presented in the thesis was published in PLOS One journal, another part 

was included into a manuscript submitted in Acta Crystallographica D, what is the present 
state of this submission?  

2. On page 53, Fig. III-1, the samples of the plasmid contain two bands and there is no 
designation or description. Is the upper band plasmid with the cloned gene for WrbA and the 
lower band plasmid without the gene? 

3. Can author speculate why WrbA-FMN crystallization was not successful while WrbA-FAD 
was successful although the structural analysis revealed that the crystallized protein was 
WrbA-FMN? 

4. Does the structure of WrbA allow to theoretically accommodate more bulky cofactor FAD in 
the binding site for FMN ? 

5. It would be worth to correlate the reaction kinetics at a particular salt concentration and 
oligomeric state of the enzyme as it was performed for temperature dependence by your 
collaborators. This could be done using limited proteolysis or more simply by native 
electrophoresis. This would further support the hypothesis about the role of oligomerization in 
the reaction kinetics of WrbA. Did you perform any experiments in this direction? 

6. On page 89 it is said that the membrane-mimicking detergent improves enzyme reactivation 
but plots in figure III-23 do not confirm it, could you comment on it? 
 

Finally, despite my criticism of several aspects of the submitted thesis, I concluded that the thesis 
and published paper proved the ability of Iryna Kishko to carry out a good scientific work and I 
recommend her for a PhD degree. 

 
 
In Třeboň, February 5, 2013                                                                        Josef Komenda 
 


