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Legionella is a widespread Gram-negative bacterium occurring in water reservoirs
and soils. Its life cycle is dependent on intracellular proliferation in free-living unicellular
organisms (amoebae and ciliated protozoa) in close association with other inhabitants of
ecological biosystems. In humans, the microorganism multiplies in phagocytic cells and is
an infectious agent of legionellosis. This aerosol-borne disease manifests either as severe
pneumonia, termed “Legionnaires’ disease”, or as relatively mild nonpneumonic “Pontiac
fever” [1,2].

The ability of Legionella to infect eukaryotes depends upon the Dot/Icm type 4B
secretion system (T4BSS) to deliver a set of highly specific Legionella-encoded effector
proteins into the targeted cells. The bacteria manipulate various host processes to support
bacterial replication in Legionella-containing vacuoles and the egression of the pathogen
from the cell in later stages of the life cycle [3,4].

Due to their important roles in bacterial virulence, T4BSS effectors have attracted
considerable attention from researchers. Accordingly, two manuscripts from this Special
Issue address these proteins. A review paper discussed the role of glycosyltransferases
in Legionella virulence mechanisms [5]. Investigations of these enzymes were carried out
during the last two decades, starting from the discovery of the first toxic glucosyltransferase
Lgt1 in 2003, proceeding to the description of several other enzymes—Lgt2, Lgt3, SetA,
SidI, and LtpM. These studies resulted in the description of an expanding group of unique
Legionella proteins with diverse targets, structures, enzymatic mechanisms, regulatory
mechanisms, and biological effects. In another manuscript, Kevin Voth et al. [6] were
successful in solving a crystal structure of MavL, an effector initially identified during a
screen for the translocated substrates of T4BSS [7]. The protein has remained enigmatic
thus far. As shown in the current investigation, MavL exhibited distinct structural fea-
tures of ADP-ribose-binding proteins and binds ADP-ribose but lacked evident in vitro
glycohydrolase activity. The data presented in the manuscript suggested that the effector
functioned as “an ADP-ribose reader”, participating in ubiquitination pathways during
Legionella infection by sensing ADP-ribose modifications in the target cell.

Biofilm formation by Legionella represents a smart strategy utilized by the pathogen
to survive in harsh environments and is an underestimated and, hence, poorly studied
phenomenon. The study by Courtney Marin et al. is, therefore, of special importance [8].
The authors were able to identify a gene, termed bffA, whose inactivation increased the
growth rate of single L. pneumophila colonies on agar media, enhanced bacterial uptake
by Acanthamoeba castellanii, decreased flagellar motility at 37 ◦C, and enhanced biofilm
formation. The provided data suggested a link between bffA function and the quorum
sensing (QS) circuits in Legionella. Interestingly, the product of the gene did not contain
typical signatures of the c-di-GMP metabolizing enzymes known to participate in QS
reactions, and the precise type of regulatory network, in which the bffA product functions,
remains to be determined.

It was established that some housekeeping proteins produced by pathogenic bac-
teria could accomplish virulence-associated functions [9]. Chaperons were among such
molecules. Accordingly, the 60-kDa GroEL-related chaperonin of L. pneumophila (HtpB)
appeared to play many folding-independent roles in Legionella virulence [10]. Karla N.
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Valenzuela-Valderas et al. [11] compared the primary structures of GroEL and HtpB and
were successful in demonstrating that at least 10 amino acid residues were important for
the interaction of HtpB with the eukaryotic proteasome-related protein ECM29. Using
Evolutionary Trace Analysis, the authors identified and mutated amino acid residues po-
tentially involved in the protein-folding-independent functions of HtpB. Through various
methods, the authors showed that the binding of mutated HtpB molecules to hECM29 was
significantly impaired. Moreover, the engineering of the corresponding mutations in E. coli
GroEL resulted in a weak but significant GroEL-ECM29 interaction.

The innate immunity of macroorganisms plays an essential role in detecting and
eradicating intruding pathogens by specifically sensing conserved pathogen-associated
molecular patterns (PAMPs) [12]. Bacterial flagellin represents one such PAMP and is
detected by the membrane-bound eukaryotic TLR5 receptor. Lina Scheithauer et al. [13]
demonstrated that the metalloproteinase ProA produced by L. pneumophila was able to
degrade the monomers of bacterial flagellin and thus antagonized the flagellin-mediated
TLR5 stimulation and the subsequent activation of the proinflammatory NF-κB pathway.
These data show that Legionella has developed a strategy for counteracting mammalian
host immunity pathways, thus promoting immune evasion of the pathogen, by using ProA.

More than 45 years have passed since the identification of L. pneumophila as an infec-
tious agent for a serious human disease. The organism has attracted immense attention
since the very beginning of this story, and this interest has not diminished over time. Papers
published in the current issue clearly demonstrate the modern and divergent character of
this research, elucidating the amazing strategies used by both the pathogen and the host in
their struggles to live.

Conflicts of Interest: The author declares no conflict of interest.

References
1. McDade, J.E.; Shepard, C.C.; Fraser, D.W.; Tsai, T.R.; Redus, M.A.; Dowdle, W.R. Legionnaires’ disease: Isolation of a bacterium

and demonstration of its role in other respiratory disease. N. Engl. J. Med. 1977, 297, 1197–1203. [CrossRef] [PubMed]
2. Fraser, D.W.; Deubner, D.C.; Hill, D.L.; Gilliam, D.K. Nonpneumonic, short-incubation-period Legionellosis (Pontiac fever) in

men who cleaned a steam turbine condenser. Science 1979, 205, 690–691. [CrossRef] [PubMed]
3. Berger, K.H.; Isberg, R.R. Two distinct defects in intracellular growth complemented by a single genetic locus in Legionella

pneumophila. Mol. Microbiol. 1993, 7, 7–19. [CrossRef] [PubMed]
4. Sadosky, A.B.; Wiater, L.A.; Shuman, H.A. Identification of Legionella pneumophila genes required for growth within and killing of

human macrophages. Infect. Immun. 1993, 61, 5361–5373. [CrossRef] [PubMed]
5. Belyi, Y.; Levanova, N.; Schroeder, G.N. Glycosylating effectors of Legionella pneumophila: Finding the sweet spots for host cell

subversion. Biomolecules 2022, 12, 255. [CrossRef] [PubMed]
6. Voth, K.; Pasricha, S.; Chung, I.Y.W.; Wibawa, R.R.; Zainudin, E.; Hartland, E.L.; Cygler, M. Structural and functional characteriza-

tion of Legionella pneumophila effector MavL. Biomolecules 2021, 11, 1802. [CrossRef] [PubMed]
7. Huang, L.; Boyd, D.; Amyot, W.M.; Hempstead, A.D.; Luo, Z.-Q.; O’Connor, T.J.; Chen, C.; Machner, M.; Montminy, T.; Isberg, R.R.

The E Block motif is associated with Legionella pneumophila translocated substrates. Cell. Microbiol. 2011, 13, 227–245. [CrossRef]
[PubMed]

8. Marin, C.; Kumova, O.K.; Ninio, S. Characterization of a novel regulator of biofilm formation in the pathogen Legionella
pneumophila. Biomolecules 2022, 12, 225. [CrossRef] [PubMed]

9. Yu, Y.; Wang, H.; Wang, J.; Feng, Z.; Wu, M.; Liu, B.; Xin, J.; Xiong, Q.; Liu, M.; Shao, G. Elongation Factor Thermo Unstable
(EF-Tu) moonlights as an adhesin on the surface of Mycoplasma hyopneumoniae by binding to fibronectin. Front. Microbiol. 2018, 9, 974.
[CrossRef] [PubMed]

10. Garduño, R.A.; Chong, A.; Nasrallah, G.K.; Allan, D.S. The Legionella pneumophila chaperonin—An unusual multifunctional
protein in unusual locations. Front. Microbiol. 2011, 2, 122. [CrossRef] [PubMed]

11. Valenzuela-Valderas, K.N.; Moreno-Hagelsieb, G.; Rohde, J.R.; Garduño, R.A. The functional differences between the GroEL
chaperonin of Escherichia coli and the HtpB chaperonin of Legionella pneumophila can be mapped to specific amino acid residues.
Biomolecules 2022, 12, 59. [CrossRef] [PubMed]

https://doi.org/10.1056/NEJM197712012972202
https://www.ncbi.nlm.nih.gov/pubmed/335245
https://doi.org/10.1126/science.462175
https://www.ncbi.nlm.nih.gov/pubmed/462175
https://doi.org/10.1111/j.1365-2958.1993.tb01092.x
https://www.ncbi.nlm.nih.gov/pubmed/8382332
https://doi.org/10.1128/iai.61.12.5361-5373.1993
https://www.ncbi.nlm.nih.gov/pubmed/8225610
https://doi.org/10.3390/biom12020255
https://www.ncbi.nlm.nih.gov/pubmed/35204756
https://doi.org/10.3390/biom11121802
https://www.ncbi.nlm.nih.gov/pubmed/34944446
https://doi.org/10.1111/j.1462-5822.2010.01531.x
https://www.ncbi.nlm.nih.gov/pubmed/20880356
https://doi.org/10.3390/biom12020225
https://www.ncbi.nlm.nih.gov/pubmed/35204726
https://doi.org/10.3389/fmicb.2018.00974
https://www.ncbi.nlm.nih.gov/pubmed/29867877
https://doi.org/10.3389/fmicb.2011.00122
https://www.ncbi.nlm.nih.gov/pubmed/21713066
https://doi.org/10.3390/biom12010059
https://www.ncbi.nlm.nih.gov/pubmed/35053207


Biomolecules 2023, 13, 775 3 of 3

12. Finlay, B.B.; Hancock, R.E.W. Can innate immunity be enhanced to treat microbial infections? Nat. Rev. Microbiol. 2004, 2, 497–504.
[CrossRef] [PubMed]

13. Scheithauer, L.; Thiem, S.; Unal, C.M.; Dellmann, A.; Steinert, M. Zinc metalloprotease ProA from Legionella pneumophila inhibits
the pro-inflammatory host response by degradation of bacterial flagellin. Biomolecules 2022, 12, 624. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/nrmicro908
https://www.ncbi.nlm.nih.gov/pubmed/15152205
https://doi.org/10.3390/biom12050624
https://www.ncbi.nlm.nih.gov/pubmed/35625552

	References

