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Dear Tomáš,
Please find herein my review of the doctoral thesis of Mgr. Markéta Linhartová, entitled “Function of Type IV pili proteins in the cyanobacterium Synechocystis sp. PCC 6803”. 
The primary focus of this thesis is Type IV pili (T4P) in the model cyanobacterium Synechocystis sp. PCC 6803 (hereafter Synechocystis). T4P are cell surface appendages with important roles in motility, DNA uptake (natural competence), secretion and metal uptake. Interestingly, the major PilA1 pilin protein is localised to both the plasma and thylakoid membranes and a ΔpilA1 mutant has a pleiotropic phenotype, including enigmatic defects relating to the photosynthetic apparatus. The broad aim of Markéta’s research was to gain a better understanding of the apparent link between the T4P machinery and photosystem complex assembly and function. A chapter of unpublished results, a published first author paper and an unpublished manuscript present a large volume of data that significantly aid out understanding of this topic. In addition, a second published study identifies a link between chlorophyll biosynthesis and the Sec-YidC translocon, a complex that is degraded in the presence of prepilins (the focus of the first published paper). For clarity, I include sub-headed sections below that address the different chapters of this excellent thesis. 

Preface and Introduction
The thesis starts with a short preface (section 1) and a wide-ranging but succinct and well-written introduction (section 2), both of which I found easy and enjoyable to read. The preface provides a brief general background about cyanobacteria and the “bacterial Swiss Army knife” that is T4P. Next comes discussion of the plasma and thylakoid membranes, the function of the photosynthetic electron transport chain localised in the latter, and an introduction to the model species Synechocystis. The introduction section covers the structure and biogenesis of the photosystems (an area of great expertise in Třeboň) and T4P in more detail, with a dedicated section covering what we know about T4P in cyanobacteria, including a useful table and some nice figures. 
A general comment I wish to make here is that while the thesis is on the whole clearly written, there are a number of spelling, typographical and English language mistakes throughout (not described here here but I will provide an annotated .pdf file with them highlighted). These are mostly rather minor things and do not detract from the overall quality of the work, but should be corrected in the final version to improve the clarity/readability and do full justice to this very nice thesis.

Unpublished results
Sections 3-5 presents a large amount of unpublished data investigating roles for Synechocystis pilins during the exponential to linear growth phase transition, with a focus on biogenesis of the photosynthetic machinery and metal uptake. I will briefly describe and comment on the results in the order in which they are presented. 
The chapter starts by investigating the well-known bleaching phenotype of pilin mutants using 2D CN/SDS-PAGE analysis of a triple ΔpilA1/2/4 mutant and mass spectrometric identification of four differentially accumulated proteins (determined visibly by comparison to the wild-type, WT). The product of the gene upstream of the pilA1/2 genes (Sll1693) was one such protein; I suggest that a simple schematic showing the operon arrangement would be useful here (especially as the gene downstream of pilA2 is also discussed later in this section). The discussion mentions that Sll1693 is a SAM-dependent methyltransferase that might be involved in pilin methylation; has the phenotype of a Δsll1693 mutant been reported in the literature?
Next, bleaching of the ΔpilA1/2 strain is shown to be due to a loss of chlorophyll and phycobilisomes during prolonged photoautotrophic growth, and the mutant also has decreased levels of chlorophyll/heme precursors, indicating downregulation of the entire tetrapyrrole biosynthetic pathway. The photosystem stoichiometry is determined by CN-PAGE of isolated membrane fractions; PSI levels were reduced compared to the WT, explaining the decreased chlorophyll content. Interestingly, despite appearing to maintain more PSII, the mutant had lower oxygen evolving activity, suggesting much of the complex is inactive, and radiolabelling with [35S] provided evidence of faster PSII turn-over in the pilin mutant. The hypothesis that enhanced PSII biogenesis/repair requires chlorophyll from PSI is presented in the discussion, and is a nice suggestion consistent with the results presented here and those published elsewhere previously. 
In another experiment, the mutant was found to excrete more extracellular polysaccharide into the growth media and accumulate more glycogen than the wild type at comparable time points (the latter is consistent with the increased level of glucose-6-phosphate isomerase in the mutant). The mutant also appears to produce ‘vesicle like structures’ (Figure 3.9C) but disappointingly this is not discussed further – it would be interesting to speculate what these might be in the discussion.
The chapter then switches focus to the minor pilin PilA2. PilA2 is encoded downstream of pilA1 but its  function is unknown. A ΔpilA2 mutant had lower levels of PilA1 and accumulated a second species of this major pilin that migrated faster on SDS-PAGE gels, suggested to correspond to the non-glycosylated form (please see my comments on this result in the unpublished manuscript section below). As such PilA2 is predicted to play a role in PilA1 stability and/or glycosylation.  In addition, analysis of the membrane fraction from the mutant revealed accumulation of Slr0442, an unusual Ser/Pro-rich bait-chain like protein with an N-terminal transmembrane region. The function of this protein in Synechocystis is unknown; a mutant was generated but no phenotype was found in preliminary growth experiments.
Next, the focus returns to PilA1, which is FLAG-tagged at its C-terminus (the fusion gene is expressed from psbAII not native locus – why?). Data confirming the presence of the tagged pilin is mentioned but not shown; one assumes the tag had no deleterious effect on growth? Was this investigated, and are PilA1-FLAG protein levels similar to PilA1 in the WT? Proteins that co-elute with FLAG-tagged PilA1 are identified, including an ABC-transporter “involved in motility” (please expand on how this transporter is thought to be involved in motility in discussion? Is Sll0415 the membrane subunit or the substrate binding protein?) and two unknown proteins, one of which (Sll1696) is encoded downstream of the pilA2 gene (is anything known about this protein other than it possesses a tetratricopeptide repeat?).
The last results section explores the previously described link between pili and manganese and iron uptake in Synechocystis. The WT and ΔpilA1/2 strains were grown in BG11 lacking either Fe or Fe and Mn (what about the +Fe-Mn conditon?) and then the Mn and Fe co-depleted cells were supplemented with either Mn or Fe. These experiments are valid and interesting but I found the description of the results and their discussion rather brief and a little hard to follow. Yes, the cells grow less well than the WT in the absence of these metals but this is true in standard Fe and Mn replete BG11? There is no evidence of Fe-stress markers (e.g. IsiA, FutA1) during long-term cultivation of the ΔpilA1/2 strain, whereas FutA1 is present in the WT at the equivalent time? The candidate suggests Mn-limitation is responsible but the mutant phenotype is even more severe when Mn is fed back to dual Fe/Mn-limited cultures (Figure 3.14). Section 4.5 speculates further on a role for pilin proteins in PSII biogenesis based on the interaction of PilA1 with the RCII* PSII assembly intermediate. Specifically, a function pertaining to Mn transport and delivery to PSII complexes located at biogenic thylapse membrane domains is suggested. These are bold and fascinating ideas and I greatly look forward to discussing them with the candidate at the defence.  
The experimental techniques are adequately described in the Materials and Methods section that follows the results and discussion, however, a table detailing the strains of Synechocystis described would be useful, especially given the different WT sub-strains used. 

Published results
Two first author papers (one joint first) are provided in section 9 of the thesis, both of which were published in 2014 in well-respected international peer-reviewed journals (Mol. Microbiol. and Plant Cell). The contribution of the candidate to these publications as the first author is clear, and is further supported by the statement of the Ph.D. supervisor and corresponding author of these papers on page iii of the thesis. 
I am very familiar with both of these papers having referenced them in my own work. Very briefly, the first paper (Linhartová et al. 2014) reports how accumulation of two forms (glycosylated and non-glycosylated) of the PilA1 prepilin in a Synechocystis ΔpilD mutant leads to degradation of SecY and YidC, preventing PSII biosyntesis and photoautotrophic growth. This paper provides key evidence of a role of T4P in PSII biosynthesis. The second paper (Chidgey, Linhartová et al. 2014) describes isolation of a pigment-protein complex containing the terminal enzyme in chlorophyll biosynthesis (chlorophyll synthase, ChlG), high-light inducible protein D (HliD), the Ycf39 protein and YidC, providing a link between chlorophyll biosynthesis and Sec/YidC driven co-translational insertion of pigment-binding proteins into the membrane. 
The work in these publications is of the very high standard associated with work from the Sobotka lab, and both papers have been well-cited (combined 140 citations as of 24-08-21). My only comment is that the major focus of the Chidgey et al. study appears, at least initially and to a more general non-expert reader, to be somewhat different to that of the rest of the thesis on T4P. This is not a problem, but there is a clear link between these studies (SecY-YidC translocation machinery, membrane pigment-protein insertion and photosystem biogenesis) and this could be expanded on slightly in the summary (section 6) and conclusion (section 7). If possible, it would also be useful for readers of the thesis to include the supporting information for each paper at the end of the respective sub-sections 9.1 and 9.2. 

Unpublished manuscript
Finally, in work presented as an unpublished manuscript, the genomes of four phototrophic revertant strains of the original ΔpilD mutant were sequenced to identify the suppressor mutations that restore photoautotrophic growth. These suppressor strains were isolated after two weeks incubation on BG11 agar containing glucose, with the four colonies chosen for further analysis differing in their relative size and pigmentation. Mutations specific to the pilD revertants were mapped to sigF (the alternative SigF sigma factor), rpoC1 (γ submit of RNA polymerase), the pilA1-pilA2 intergenic region (specifically the terminator of the pilA1 gene) and pilA1 (specifically in the signal peptide). This is immediately an interesting finding given that RNA polymerase-SigF holoenzyme is known to be responsible for transcription of pilA1 (and possibly other pilA genes) in Synechocystis. Of the four revertants, growth of two (rev1, H45P substitution in SigF, and rev4, R221C substitution in SigF and E95K substitution in RNA polymerase γ) were restored to WT levels and no longer displayed the aggregation phenotype observed with the as isolated ΔpilD mutant. Furthermore, in contrast to the original ΔpilD strain the revertants accumulated WT levels of dimeric PSII and pilA1 mRNA when grown in the absence of glucose. Additional in depth analysis of the four suppressor strains suggests that accumulation of the non-glycosylated form of the PilA1 prepilin is the major reason for degradation of Sec-YidC holotranslocons and attenuation of membrane protein synthesis in the in the absence of PilD (rather than purely the total level of the prepilin). Finally, the minor (pre)pilin (p)PilA2 is shown to play an unexpected role in the glycosylation of PilA1, which is a very interesting finding (what might be the mechanism?), and molecular dynamics (MD) simulations exploring the effect of mutation of the PilA1 signal peptide are presented. 
In my opinion, this is very interesting work of publishable quality and will result in another first author paper for Markéta. The experiments are performed to a high standard and relevant controls are included, and the results are nicely discussed in the broader context of what is known about pilin biogenesis in cyanobacteria and other bacteria, although I would recommend a little more (and clearer) explanation/interpretation of the MD simulations. I did notice that the results for immunodetection of PilA1 in the ΔpilA2 mutant in the absence of glucose (Figure 7A – both PilA1 and non-glycosylated PilA1n detected) appear to differ to those of what seems to be the same experiment in the published Linhartová et al. (2014) study (Figure 2C – only PilA1 detected)? If I have understood this correctly (please accept my apologies if not) then potential reasons for this disparity should be discussed. In addition, there are two ‘suppressing’ mutations in rev4; did the authors consider re-making these mutants individually in the ΔpilD background to ascertain whether they are required in tandem for suppression of the mutant phenotypes? This is not essential but would be worth mentioning briefly somewhere in the manuscript (perhaps in the discussion section starting at top of page 114, line number 400). 

Summary
[bookmark: _GoBack]In conclusion, the substantial volume of work presented in this thesis is a valuable addition to our knowledge of T4P in cyanobacteria and a role for pilins in the biogenesis of PSII. It is clear from the unpublished results, the two peer-reviewed papers and the prepared manuscript that the candidate has made a significant contribution to this field, and this high-quality work provides a platform for future investigation of the precise interactions of T4P with the photosynthetic machinery. I therefore have no hesitation in strongly recommending that Markéta Linhartová be awarded a Ph.D. degree, and I look forward to further discussion of this interesting work at the defence next week.  

Yours sincerely,
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