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The first identified members of the septin family of cytoskeletal GTPases were originally
discovered in the budding yeast Saccharomyces cerevisiae as crucial regulators of mother-bud
separation. They form a unique heteropolymeric cytoskeletal network and participate in diverse
physiological functions [reviewed in (Mostowy and Cossart, 2012)]. Septin genes are conserved
across eukaryotic genomes except in higher plants. In the initial decades of septin biology,
research was focussed on their functions in yeast, while major breakthroughs have been
achieved in the mammalian septin biology over the past two decades. Much like the
intermediate filaments, the presence of heteropolymeric networks consisting of multiple
septin isoforms with potential redundancy and the absence of specific inhibitors have
hindered progress of septin research. In the present century, the use of mouse genetics,
RNA-interference, and the advent of CRISPR/Cas9 technologies have aided in functional
characterisation of septins and have uncovered isoform-specific physiological functions of
septins. Septins have gained prominence as the distinct fourth component of mammalian
cytoskeleton. In the first volume of the Frontiers Research topic on septins, we successfully
presented contributions from across the septin field ranging from yeast cell division to human
cancer and infections (Menon and Gaestel). In this second volume of the Frontiers Research
topic on the emerging functions of septins, we have once again compiled a diverse collection of
six reviews and four original research articles ranging from the changing models of septin
oligomerisation and analyses of canonical septin functions to the cell-type specific non-
canonical roles of septins in immune cells, stem cells, neurons and cancer.

The thirteen mammalian septins are classified into four groups (Septin2, Septin3, Septin6, and
Septin7), named after the prominent member of the respective group. The basic repeating unit of the
septin cytoskeleton is a hexamer consisting of Septin2, 6, and 7 and/or an octamer consisting of
Septin2, 6, 7, and 3 group members. Until recently, the most acceptable model of the repeating unit
was that of a palindromic S7-S6-S2-S2-S6-S7 hexamer and an octamer formed by addition of Septin3
groupmembers at the termini (Sirajuddin et al., 2007; Kim et al., 2011). However, recent studies have
provided evidence for revision of this model wherein the subunit organisation is inverted to give a S2-
S6-S7-S7-S6-S2 core-septin hexamer (McMurray and Thorner, 2019; Mendonca et al., 2019; Soroor
et al., 2021). In a thought-provoking review article, Cavini et al. provides an update on structural
biology of septins with a focus on the domains and interfaces which stabilizes hexamers, octamers
and the higher order filaments. While the vast majority of in vitro-polymerisation and GTP
hydrolysis studies on mammalian septins have focussed on single septin subunits and hexamers,
the focus has recently been shifted to octameric complexes (Iv et al., 2021; Soroor et al., 2021). The
research article by Fischer et al. reports the biochemical characterisation of the septin octamer (S2-
S6-S7-S9-S9-S7-S6-S2) and presents kinetic data on the nucleotide hydrolysis properties of human
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septin oligomers. Interestingly, based on the in vitro-
polymerisation assays they propose a role for the
Septin9 C-terminal region in septin filament assembly. Taking
a slight deviation from the world of septin structures, Shuman
and Momany review septin classification, conservation of
sequence motifs in septins across kingdoms, positional
orthology within heteropolymers and their evolutionary
relationships. While the canonical core heteropolymers of
septins are formed by the major four phylogenetic groups of
septins, they present an interesting discussion on the group 5
septins, which only transiently associate with the core heteromers
and are absent in the animal kingdom. Structural and functional
analyses of more group 5 septins will be necessary to understand
the origin and evolution of the septin family.

Septins were originally identified as proteins with role in yeast
budding and the name “septin” originates from “septa” forming
protein. Septins undergo cell cycle specific transitions in the
budding yeast and one of the most fascinating structures
formed by the septin cytoskeleton across the species is the
hourglass-shaped collar formed at the mother bud-neck. In
their focussed mini-review article, Marquardt et al. provide
one of the best available and up-to-date summary of the
molecular mechanisms driving the transition of a nascent
septin ring at the bud-site to a stable hour-glass, followed by
resolution into a double-ring structure facilitating budding yeast
cytokinesis. Complementing this mechanistic take on the
budding yeast cytokinesis is the article by Russo and Krauss
which discusses the role of septins and septin remodelling in
mammalian cell cytokinesis. While the central theme of septin
functions in cytokinesis is established across genera and
kingdoms, there are many unanswered questions regarding
regulators of localized filament assembly, potential GEFs
(guanine-nucleotide exchange factors), association with other
cytoskeletal elements and membrane components in this process.

Despite their discovery as proteins with central role in cell
division, non-dividing neuronal cells show strong expression
of septins and a role for septins in neuronal morphogenesis is
well established (Tada et al., 2007; Ageta-Ishihara et al.,
2013). Recent work using the Septin8 mutant mouse also
indicates a role for septins in scaffolding the myelin sheath
and accelerating nerve conduction (Patzig et al., 2016). One of
the proposed mechanisms of septin-dependent regulation of
neuronal morphogenesis is dependent on TAOK2-mediated
phosphorylation of Septin7 at its C-terminal tail (Yadav et al.,
2017). In their research article, Byeon et al. report the
identification of phosphorylation-dependent interaction
partners of Septin7 and propose a 14-3-3 dependent
mechanism for septin-mediated dendritic spine
maturation. This newly established link between septins
and the 14-3-3 family of phosphorylation-dependent
ubiquitous signalling adaptors is also expected to be
relevant to other cell-types and models. Regulation of
store-operated calcium signaling is another non-canonical
function of the septin cytoskeleton discovered in the past
decade (Sharma et al., 2013; Deb et al., 2016). In a
contribution in this direction, Dhanya and Hasan
investigates the role of septins in the neuronal

pathogenesis associated with the deficiency of endoplasmic
reticulum Ca2+ sensor STIM1 in mice. They report significant
alleviation of the motor coordination defects in the Stim1
knockout mouse upon the co-deletion of Septin7 in purkinje
neurons and propose septins as potential targets against
neurodegenerative diseases caused by Ca2+ signaling defects.

Functions of septins in the cells of the hematopoietic lineages
are also often linked to their membrane association and interplay
with the cortical actin cytoskeleton (Gilden et al., 2012). Despite
normal development of hematopoietic lineages upon pan-septin
depletion in the Septin7 knockout mice (Menon et al., 2014),
septins regulate lymphocyte migration (Tooley et al., 2009) and
were shown to associate with macrophage phagosomes (Huang
et al., 2008), indicating clear roles in the hematopoietic system.
Septins are key mediators of platelet degranulation and septin
gene mutations have been associated with bleeding disorders. In
an interesting mini review, Neubauer and Zieger compare septin
expression and functions in platelets and endothelial cells. The
recent findings from the Septin8 knockout mice are being
discussed in the context of platelet-endothelial cell interplay at
the sites of vascular injury. The recent discovery from the Septin7
knockout mice indicate a role for the Cdc42-Borg4-Septin7 axis
in maintaining hematopoietic stem cell polarity and function
(Kandi et al., 2021). The review by Schuster and Geiger
summarises our current understanding on septin functions in
stem cells and ageing. The role of septins as central mediators of
asymmetric cell division from yeast to mammals is underscored
in this unique review. Menon et al. reports a myeloid-specific
Septin7 conditional knockout mouse which displays the unique
dichotomy of septin-dependence of cell division between
monocytes and macrophages. While the development of
monocytes is unaffected in the septin-deficient bone-marrow,
the in-vitro cultivated bone-marrow derived macrophages display
cytokinetic defects in the absence of Septin7. However, the
multinucleated Septin7-deficient macrophages are functionally
comparable to their wild-type counterparts.

Septins are crucial player in multiple stages of cell division
and several studies have linked septins to cancer development
(Cerveira et al., 2011; Pous et al.). However, a direct functional
role for septins in tumorigenesis has not been established yet.
Menon et al. describe the first in vivo-tumor model assessing
the consequence of septin loss of function in lung cancer
progression. The findings conclusively prove the role of
septin-dependent proliferation in lung tumorigenesis and
reconfirm the relevance of septins as targets against solid
tumors.

Our understanding on the mechanisms of septin-
dependent cytokinesis is constantly being revised based on
findings from yeast to mammals, including the recent findings
regarding the role of septins in asymmetric stem cell division.
The revised order of septin subunits in the core hexamer and
octamer units of mammalian septins have reignited research
on redundancy and isoform-specificity of septin functions. In
addition, the repertoire of cell-type specific functions of
septins in neurons, hematopoietic lineages, and endothelial
cells are also constantly growing. With the widespread use of
CRISPR/Cas9 technology as well as septin-deficient mouse
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models, further physiologically relevant functions of the
septin family proteins are rapidly emerging. Collectively,
the articles in the second volume of this research topic,
which include four original research publications from
diverse aspects of mammalian septin biology, exemplarily
and comprehensively summarise these advances in the field.

AUTHOR CONTRIBUTIONS

MM and MG wrote the editorial.

FUNDING

This work for MM lab is supported by the DST-SERB start-up
research grant #SRG/2020/001396. MG lab is supported by the
Deutsche Forschungsgemeinschaft (GA 453/16-1).

ACKNOWLEDGMENTS

We thank all contributing authors, editors and reviewers for their
support to the Research Topic.

REFERENCES

Ageta-Ishihara, N., Miyata, T., Ohshima, C., Watanabe, M., Sato, Y., Hamamura,
Y., et al. (2013). Septins Promote Dendrite and Axon Development by
Negatively Regulating Microtubule Stability via HDAC6-Mediated
Deacetylation. Nat. Commun. 4, 2532. doi:10.1038/ncomms3532

Cerveira, N., Bizarro, S., and Teixeira, M. R. (2011). MLL-SEPTIN Gene Fusions in
Hematological Malignancies. Biol. Chem. 392, 713–724. doi:10.1515/bc.
2011.072

Deb, B. K., Pathak, T., and Hasan, G. (2016). Store-independent Modulation of
Ca2+ Entry through Orai by Septin 7. Nat. Commun. 7, 11751. doi:10.1038/
ncomms11751

Gilden, J. K., Peck, S., Chen, Y. C. M, and Krummel, M. F. (2012). The Septin
Cytoskeleton Facilitates Membrane Retraction during Motility and Blebbing.
J. Cell Biol. 196, 103–114. doi:10.1083/jcb.201105127

Huang, Y.-W., Yan, M., Collins, R. F., Diciccio, J. E., Grinstein, S., and Trimble, W.
S. (2008). Mammalian Septins Are Required for Phagosome Formation. MBoC
19, 1717–1726. doi:10.1091/mbc.e07-07-0641

Iv, F., Martins, C. S., Castro-Linares, G., Taveneau, C., Barbier, P., Verdier-Pinard,
P., et al. (2021). Insights into Animal Septins Using Recombinant Human
Septin Octamers with Distinct SEPT9 Isoforms. J. Cell Sci. 134. doi:10.1242/jcs.
258484

Kandi, R., Senger, K., Grigoryan, A., Soller, K., Sakk, V., Schuster, T., et al. (2021).
Cdc42-Borg4-Septin7 axis Regulates HSC Polarity and Function. EMBO Rep.
22, e52931. doi:10.15252/embr.202152931

Kim, M. S., Froese, C. D., Estey, M. P., and Trimble, W. S. (2011). SEPT9 Occupies
the Terminal Positions in Septin Octamers and Mediates Polymerization-
dependent Functions in Abscission. J. Cell Biol. 195, 815–826. doi:10.1083/
jcb.201106131

McMurray, M. A., and Thorner, J. (2019). Turning it inside Out: The Organization
of Human Septin Heterooligomers. Cytoskeleton 76, 449–456. doi:10.1002/cm.
21571

Mendonça, D. C., Macedo, J. N., Guimarães, S. L., Barroso Da Silva, F. L.,
Cassago, A., Garratt, R. C., et al. (2019). A Revised Order of Subunits in
Mammalian Septin Complexes. Cytoskeleton 76, 457–466. doi:10.1002/cm.
21569

Menon, M. B., Sawada, A., Chaturvedi, A., Mishra, P., Schuster-Gossler, K., Galla,
M., et al. (2014). Genetic Deletion of SEPT7 Reveals a Cell Type-specific Role of
Septins in Microtubule Destabilization for the Completion of Cytokinesis. PLoS
Genet. 10, e1004558. doi:10.1371/journal.pgen.1004558

Mostowy, S., and Cossart, P. (2012). Septins: the Fourth Component of the
Cytoskeleton. Nat. Rev. Mol. Cell Biol. 13, 183–194. doi:10.1038/nrm3284

Patzig, J., Erwig, M. S., Tenzer, S., Kusch, K., Dibaj, P., Möbius, W., et al. (2016).
Septin/anillin Filaments Scaffold Central Nervous System Myelin to Accelerate
Nerve Conduction. Elife 5. doi:10.7554/eLife.17119

Sharma, S., Quintana, A., Findlay, G. M., Mettlen, M., Baust, B., Jain, M., et al.
(2013). An siRNA Screen for NFAT Activation Identifies Septins as
Coordinators of Store-Operated Ca2+ Entry. Nature 499, 238–242.
doi:10.1038/nature12229

Sirajuddin, M., Farkasovsky, M., Hauer, F., Kühlmann, D., Macara, I. G., Weyand,
M., et al. (2007). Structural Insight into Filament Formation by Mammalian
Septins. Nature 449, 311–315. doi:10.1038/nature06052

Soroor, F., Kim, M. S., Palander, O., Balachandran, Y., Collins, R. F., Benlekbir, S.,
et al. (2021). Revised Subunit Order of Mammalian Septin Complexes Explains
Their In Vitro Polymerization Properties.MBoC 32, 289–300. doi:10.1091/mbc.
e20-06-0398

Tada, T., Simonetta, A., Batterton, M., Kinoshita, M., Edbauer, D., and Sheng,
M. (2007). Role of Septin Cytoskeleton in Spine Morphogenesis and
Dendrite Development in Neurons. Curr. Biol. 17, 1752–1758. doi:10.
1016/j.cub.2007.09.039

Tooley, A. J., Gilden, J., Jacobelli, J., Beemiller, P., Trimble, W. S., Kinoshita, M.,
et al. (2009). Amoeboid T Lymphocytes Require the Septin Cytoskeleton for
Cortical Integrity and Persistent Motility.Nat. Cell Biol. 11, 17–26. doi:10.1038/
ncb1808

Yadav, S., Oses-Prieto, J. A., Peters, C. J., Zhou, J., Pleasure, S. J., Burlingame, A. L.,
et al. (2017). TAOK2 Kinase Mediates PSD95 Stability and Dendritic Spine
Maturation through Septin7 Phosphorylation. Neuron 93, 379–393. doi:10.
1016/j.neuron.2016.12.006

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Menon and Gaestel. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Cell and Developmental Biology | www.frontiersin.org June 2022 | Volume 10 | Article 9498243

Menon and Gaestel Editorial: Emerging Functions of Septins—II

https://doi.org/10.1038/ncomms3532
https://doi.org/10.1515/bc.2011.072
https://doi.org/10.1515/bc.2011.072
https://doi.org/10.1038/ncomms11751
https://doi.org/10.1038/ncomms11751
https://doi.org/10.1083/jcb.201105127
https://doi.org/10.1091/mbc.e07-07-0641
https://doi.org/10.1242/jcs.258484
https://doi.org/10.1242/jcs.258484
https://doi.org/10.15252/embr.202152931
https://doi.org/10.1083/jcb.201106131
https://doi.org/10.1083/jcb.201106131
https://doi.org/10.1002/cm.21571
https://doi.org/10.1002/cm.21571
https://doi.org/10.1002/cm.21569
https://doi.org/10.1002/cm.21569
https://doi.org/10.1371/journal.pgen.1004558
https://doi.org/10.1038/nrm3284
https://doi.org/10.7554/eLife.17119
https://doi.org/10.1038/nature12229
https://doi.org/10.1038/nature06052
https://doi.org/10.1091/mbc.e20-06-0398
https://doi.org/10.1091/mbc.e20-06-0398
https://doi.org/10.1016/j.cub.2007.09.039
https://doi.org/10.1016/j.cub.2007.09.039
https://doi.org/10.1038/ncb1808
https://doi.org/10.1038/ncb1808
https://doi.org/10.1016/j.neuron.2016.12.006
https://doi.org/10.1016/j.neuron.2016.12.006
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cell-and-developmental-biology
www.frontiersin.org
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

	Editorial: Emerging Functions of Septins—Volume II
	Author Contributions
	Funding
	Acknowledgments
	References


