
Master Thesis Review 

 
The thesis of Bc. David Babovák „Development and Validation of a Novel Fluorescent Sensor of the 
Sphingosine-1-phosphate Receptor 1” aimed to develop a novel cpGFP-based sensor of Sphingosine-1-
phosphate receptor. To do this, the author employed techniques of molecular biology to design and 
optimize the sensor variants, the properties of which have been subsequently characterized by 
fluorescence microscopy and fluorometry methods. 
 

Form and elaboration 

The thesis is written in a clear, factual language and, with minor exceptions, is effectively divided into 
individual chapters. The text contains somewhat higher number of typos than usual, which could be easily 
prevented by the spellchecker use. The high frequency of errors in the numbering of figures or tables gives 
the impression that there was not enough time to finish the thesis. In several cases, the use of a newly 
introduced or uncommon term in the text precedes its definition, which makes the text very difficult to 
read. 

Below is a list of selected formal errors identified: 

- Table of Contents is entitled in Czech. 

- Decimal point instead of comma should be used throughout the text. 

- Explanation of “FRET” in the List of abbreviations seems to be incorrect. 

- On p. 24, instead of “ceramides” it should be “ceramidase” in the sentence “Importantly, ceramide can 
be converted to sphingosine through the action of enzyme ceramides, which…” 

- On p. 39 (line 5), missing reference is indicated by the Czech word in brackets.  

- On p. 44, the name of the provider of the DNA loading dye is probably incomplete. 

- Both variants of “IgK-leader” and “Ig-K leader” are used in the text (p. 73 and below). 

- References to Figs. 4.11 and 4.15 are missing in the text. 

- Cross-reference to Chapter 3.6 within 3.6.2 (p. 56) is confusing. In addition, the author refers here to 
the non-existent figure “picture 3.1”. 

- Names S1 and S2 appearing for the first time in Methods (on p. 56) are not explained there, but in 
Results (on p. 69). This is very confusing for the reader. The same happens for SphingoLight 1.0, used 
for the first time in chapter 3.10 (p. 68) and defined after another use on p. 73 in this strange 
entanglement “The full IgK-leader sequence is METDTLLLWVLLLWVPGSTGD, and the partial sequence 
found in SphingoLight 1.0 is METDTLLLWV. This partial sequence corresponds to the beginning portion 
of the full sequence: METDTLLLWVLLLWVPGSTGD. After that, this version of sensor 2 was named 
SphingoLight 1.0.” 

- “In response to excitation, the A-B state equilibrium is shifted toward the B, and the B state is 
responsible for the green emittance(Kennis et al., 2004).” (p. 38) This sentence is meaningless to the 
reader if the real meaning of A and B is not explained until the next paragraph. 

- On p. 58, the author wrote: “In the context of this thesis, the backbone stands for the mNeon green out 
pMSCV vector (prepared in chapter 3.8),…” This is apparently a wrong reference as the title of Chapter 
3.8. is Cell transfection. 

- Personally, I would change the title of 3.9.2 to “Cell staining”. 

- On p. 75, brackets are missing in the definition of the relative change in fluorescence intensity. 

- Paragraphs consisting of only one sentence should generally be avoided. I found seven in the Results 
section alone. 

 



The introductory section (Chapter 1) is the longest chapter of the thesis, and I have only minor comments 
on the content of this otherwise comprehensive part of the thesis: 

- Cross-reference to Fig. 1.6 would be of help on the top of p. 39, where the conformational changes of 
GPCRs are described in detail. 

- Title of the chapter 1.3.2 seems to be incorrect, since the text is almost exclusively devoted to 
“FRET/BRET biosensors – their structure, principles of function and technical drawbacks, which can be 
overcome by the use of circularly permuted GFP. 

- Should not 1.3.3. precede 1.3.2? It seems more logical to me mainly for two reasons: a) it represents 
an introductory part valuable for the biosensors in general, naturally extending the information given 
in 1.3.1, and b) the mentioning of cpGFP at the end of 1.3.2 could naturally continue by its further 
characterization in 1.3.4. 

 

The aims of the thesis are clearly defined, although there is not a single reason to use “thus” in the 
introductory sentence and the third objective is, in contrast to others, in the passive voice. I have more 
serious concerns with the Material and Methods section, which could have been written more carefully and 
in a more readable form. The section contains many tables, a number of which are completely separate 
from the text and their relevance is often apparent only from the title. Moreover, numbering of tables 
collapsed in several ways. For example,  

- Thesis contains two tables numbered 3.1 (pp. 46 and 55). Tables 3.10, 3.11, 3.14-3.20 are missing, 
Table 3.23 is numbered 3.2.3. 

- Tables 3.2, 3.3, 3.5, 3.6 are not cited in the text. Their relationship to the methods described is thus 
not transparent. On contrary, non-existing Table 3.2.2. and wrongly numbered Table 3.2.3 are cited on 
p. 68. 

- In 3.1.4.1, a short description of the used cell lines would be helpful, for example: nih-3t3 crl-1658 – 
embryonic mouse fibroblasts, HEK293T - cell line based on adenovirus-immortalized human embryonic 
kidney cells. 

 

I have only minor suggestions to the organization of the Results section: 

- Arrangement of the graphs presented in Figs 4.6 – 4.9 into one composite image would improve the 
readability a lot. In the present form, individual plots are presented in different sizes on several pages. 

- No quantitative details are presented in the text of the Results part for Figs. 4.6 - 4.9. The statement 
“the addition of dopamine to the HEK293T cell line stably expressing dLight 1.3b resulted in a 250% 
increase in fluorescence emittance, significantly surpassing the fluorescence change of SphingoLight 
1.0 in response to S1P” then compares the numerical value with unknown values that can only be 
derived approximately from the Figures 4.8 and 4.9, not from the text itself. 

- It is not explained why the use of lipid-free serum for cell culture should improve sensor localization on 
the membrane.  

- The motivation for using the Ig kappa leader sequence to improve the localization of sensor variants is 
not properly explained in the text: In Results, the reader is confronted with the fact that it was added 
“to promote the membrane expression of S1 and S2” and that the incorporation was verified by 
agarose gel electrophoresis (p. 73). The successful modification of the sensor localization is 
documented by the Figure 4.5 (p. 74). But, partial explanation of what the IgK leader sequence actually 
is and what kind of modification in the peptide fade it causes is given only in the Discussion (p. 95), 
which is a bit too late to understand why in particular this amendment of the initial sensor design was 
selected. Additionally, the information about the biological relevance of the sequence (it directs the 
protein into the secretory pathway - Feng et al., 2011) was completely missing. Independent on how 
popular is this trick in molecular cloning techniques, its explanation is crucial for understanding the 



main part of the thesis results. 

 

The text of the Discussion section is significantly longer (~3,200 words) compared to the Results section 
(~2,000 words). Unfortunately, only a small part of this long Discussion section is devoted to the 
significance of the results obtained in light of previously published data. The rest is highly repetitive with 
the Introduction and Results. Also, it is not clear why Table 5.1 summarizing some properties of the earlier 
developed sensors, as well as Fig. 5.1, was included into the Discussion section and not, for example, to the 
Introduction. 

 

Science  

The thesis contains original data describing the successful development of a novel fusion protein, a 
membrane receptor for sphingosine-1-phosphate, whose fluorescence changes reciprocally in both 
directions in the presence of its agonists and antagonists. Thus, using analogy with previously published 
work, the author of the thesis has constructed a new biosensor potentially useful in future studies. This is 
undoubtedly a valuable result.  

From a technical point of view, the data presented have several shortcomings: 

- It is not explained how many living cells have been analyzed in each experiment. The information 
concerning the sizes of the presented datasets given in Figure legends is limited to the number of 
“independent experiments”. Also, it is not clear whether biological or technical replicates are meant 
here. 

- Statistical data evaluation is missing in Fig. 4.23. The information about the number of 
biological/technical replicates included in the experiment should be included, too. Even in the case 
that the plot represents the data from one single experiment, this fact should be mentioned and the 
experimental error should be assessed.  

- Standard error of the mean, instead of standard deviation, was used to evaluate the statistical 
significance of the observed relative changes in fluorescence intensity (Figs. 4.6 – 4.9 and others). This 
appears to be incorrect, because the parameter that should be reported here using error bars is the 
distribution of individual data points around the mean (characterized by SD), not how accurate the 
estimate of the mean (expressed by SEM) is. 

 

Conclusions 

In terms of originality, the author's ability to carry out experimental work and to present scientific results, 
the thesis meets the requirements for the award of a Master's degree. 
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Questions  

(Answering these questions will not affect my evaluation of the thesis. It should only serve as a starting 
point for discussion after the presentation of the candidate.) 

1. What the initial decrease of the red fluorescence intensity (the negative peak around t = 50s; 
Figure 4.7) corresponds to? Does it occur in all the measurements, or is it specific to S1P supply? 

2. What is the reason for the different shape of the curves showing the relative change in sensor 
fluorescence over time after the supply of different concentrations of S1P (Figures 4.8 and 4.9)? 

3. Data presented in Fig. 4.22 and Fig. 4.23 are nicely comparable. What is the explanation for the fact 
that the amplitude of the relative changes in fluorescence intensity observed following the supply 
of 10µM S1P or 100µM Ex26 is smaller when detected by fluorometer analysis (Fig. 4.23), if 
compared to the analysis of fluorescence microscopy images (Fig. 4.22)? 

 


