SEPTIN FILAMENTS
New cytoskeleton element
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Variable multimeric
building blocks

4th cytoskeleton element
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Hiigh-Speed Atomic Force Microscopy Jiao et al., Nat. Com. (2020)
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High-speed Atomic Force Microscopy Jiao et al., Nat. Com. (2020)




Single and paired filaments

Filaments & Bundles







In vitro

A Rod diameter: 200 nm B Rod diameter: 560 nm

Beber et al., Nat. Com. (2019)

Membrane reshaping

Dynamin

Bridges et al., J. Cell Biol. (2016)




Binding of septins to the plasma membrane

The binding of septin filaments reshapes the membrane
of Giant Unilamellar Vesicles (GUV)

3D reconstruction of confocal spinning disk images of GUVs in a solution of septins

Red = lipids

Formation of periodic spikes, while flattening smaller vesicles



In vitro
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SEPT9

Omrane et al., iScience (2019)
Bertin et al.,J. Mol. Biol. (2010)
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rich in PtdIns(4,5)P2

rich in PtdIns(4)P

rich in PtdIns(3)P

DOPC = dioleoylphosphatidylcholine
Phosphoinositides = phosphorylated derivatives of
phosphatidylinositol




Septins preferentially bind loosely packed membranes when geometry is not a factor
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Membrane geometry biases septin assembly when lipid packing defects are available
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SEPTO9 interacts F-actin in a highly polymorphic fashion
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Alanine scanning mutagenesis
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Cytoskeleton elements
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Paclitaxel (5nM, 24h)

Targa et al., Cell Death Dis. (2019)

Upon Paclitaxel treatment




Cytoskeleton elements
co-aligned not aligned
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Untreated

Co-alignment with sub-cortical actin and stress fibers

Cytoskeleton elements
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Covalent binding of SUMO protéine(s) to one or more Lysines of the target proteins
— thus regulating their biochemical properties
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Wild -type mice Phospho-SEPT12 KI mice

Impact on sperm motility

n 1
Lin et al., Cytoskeleton (2019) Midpicce Spermatozo spermatozoa
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GFP was coexpressed to
visualize transfected cells

Septin filaments along stress fibers
scaffold proteins for myosin activation

GFP

==y Muscle contraction / Division & Cell migration
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Facilitates the recruitment of CLIP170 and MCAK
Recovery of microtubule dynamic instability

== Reduced efficacy of chemotherapy

== TJaxane resistance




Epithelium Chlamydomonas
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Spermatozoa Annular space
Dendritic spikes

Neuron

Cytokinesis

Budding yeast

Cytokinesis

Photoreceptor Cell
I Septin-dependent Diffusion Barrier

MM Potential Septin-dependent Diffusion Barrier

Septin-independent Diffusion Barrier

Caudron and Barral, Dev. Cell (2009)




Before cytokinesis, At the onset of cytokinesis,
proteins (in blue) are This same proteins (in green) are
Retained in the bud then accumulated in the neck

collar split rings

McMurray and Thorner, Cell Div. (2009)




o Spine

00 AMPAr

1um

’ Somato-dendritic specific
membrane protein

Axon specific
w membrane protein

@ Pickets  mmmm Diffusion barriers
wooooo F-actin
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Karasmanis et al.,Dev. Cell (2018)




see Peterson and Petty, Clin. Genet. (2010)




Yeast example

SEPTINS

Active Cdc42

mother cell

deSUMOylation, SEPT2 phosphorylation

daughter cell

mother cell

SEPT7 phosphorylation

Glomb and Gronemeyer, Front. Cell Dev. Biol. (2016)
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Recruitment of septins
to the furrow by anillin

During furrow constriction,
extrusion of plasma membrane tubules

Telophase
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Russo and Krauss, Front. Cell Dev. Biol. (2021)
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Disrupting this diffusion barrier at the base of the cilium results in:
- The loss of localization of membrane proteins within the cilium

- The inhibition of the Sonic Hedgehog signaling pathway

- The inhibition of ciliogenesis




Septins coordinate the organization and contractility of actomyosin in the lamelljpodia

B

@ Focal adhesion M‘N [ransverse
arc SF
o »  Actin i SEPLiNS !;, Dorsal SF P Ventral SF
3

Paxillin
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Normal Fibroblast Cancer-associated fibroblast

Cancer cell- Elevated - Increased
derived soluble Cdc42EP3 - . [ actin-septin
factors expression . cohesion

Activated fibroblasts —» CAFs

& Protumorigenic role

Nuclear YAP

A

Increased mechano-
responsiveness Q

5 Increased

Cdc42EP3 - isometric tension
FActn N and force

Septins
Matrix remodeling and
YAP pro-tumorigenic environment Calvo et al., Cell Rep. (2015)




Rings remodel Interaction with EB1 allows for the Ring-shaped structures modify the membrane
subcortical actin redirection of microtubule polymerization and facilitate bacterial entry

Enteropathogenic B Clostridium difficile —_Listeria monocytogenes D Shigella flexneri
Escherichia coli @ IniB Salmonella Typhimurium

'~ Intimin

T3SS

T3SS effectors
Septins

F Shigella flexneri Mitochondrion Shigella flexneri
Listeria monocytogenes

Septins coat the inclusion Unknown role of septin rings Cage-type structure assembly
vacuole where bacteria at the actin tail
survive and replicate

Torraca and Mostowy, Front. Cell Dev. Biol. (2016)




a Linear actin

Pagliuso et al., EMBO Rep. (2017)
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Song et al., J. Cell Sci. (2019)
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Septin- regulated
protein

Septin(s)
involved in
regulation

Protein-septin interaction

Effect(s) of septins on protein
stability

Molecular mechanism of
septin-mediated effect

References
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Dileucine motif (428L/429L)
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Protect from
ubiquitylation-dependent
degradation

Unknown

Vagin et al., 2014

Septin 9
Septin 2
Septin 7

Not demonstrated

Protects from ubiquitylation and
degradation

Septin 9 competes with
CBL for binding to CIN85

Diesenberg et al., 2015
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Septin 9
Septin 7

Multiprotein complex with
several septins
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lysosomal degradation
.
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Marcus et al., 2016
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GTPase domain of septin 9
required for interaction

4 N\
Protects from ubiquitylation and

degradation
. J

Septin 9 competes for
RACKT1 binding to HIF-1a

Amir et al., 2006, 2009;
Golan and Mabjeesh, 2013;
Vardi-Oknin et al., 2013

Septin 2
Septin 11

Unknown

Differently modulate surface
expression and association with
the cytoskeleton

Unknown

Mostowy et al., 2011

Septin 9

GTPase domain of septin 9
required for interaction

Unknown

Gonzalez et al., 2009

[ Protects from degradation ]

Vagin and Beenhouwer, Front. Cell Dev. Biol. (2016)
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VAMP2 SNARE-VAMP2, SNAP2 syntaxin-1 . CDC42EP4 ' Glutamate receptor Septin barrier including
complex Sept7

TT synaptophysin i septins complex . GLAST @ neurotransmitter phosphorylated Septin 7

Alkhanjari et al., Cell Com. Signal. (2025)







Healthy state
Plasma
membrane

Endoplasmic reticulum

Optimal
calcium
homeostasis

®SEPT2 @®SEPT6 @ SEPT7
e ReS19-T «Ca?

Disease state

tau-mediated:

* Disassembly of septin filaments
« Increase in ER-PM contact sites
« Constitutive SOCC activation

'
/\tau/A[S

[Ca*] o
overload pathology

|

+ Neuronal network dysfunction
* Neuronal loss
+ Ap and tau pathology

: ReS19-T-corrected disease state

Cytoplasm

Optimal
calcium
homeostasis

Septin cytoskeleton as
l a potential therapeutic target

i« Functional restoration of

neuronal circuits

: « Neuroprotection
:  Reduced AB and tau pathology

Alkhanjari et al., Cell Com. Signal. (2025)




Megonigal et al., Proc. Natl. Acad. Sci.. USA (1998)

Osakal et al., Proc. Natl. Acad. Sci.. USA (1999)

At least 18 SEPT9 isoforms

Grutzmann et al., PLoS One (2008)
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Sensitive cells
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[ 7 Taxane-sensitive cells Taxane-resistant cells
o-Tubulin ” 7, Changes in the microtubule environment

Septin . Septin9_i1
Septin9_i3 overexpression

: and relocalization
Septins
E: g
T e &) P

Actin microfilaments

Tubulin
retyrosination
Short polyglutamate chains

Depolymerizing
kinesin

Microtubules

factor

Restoration of microtubule dynamic instability

Froidevaux-Klipfel et al., Proteomics (2011) Froidevaux-Klipfel et al., Oncotarget (2015) Targa et al., Cell Death & Disease (2019) Salameh et al., Current Biology (2021)
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Nervous

Disease

Cerebral cortex
development

Synaptic activity

Cardiovascular

Alzheimer’s - Parkinson's
Down syndrome - Autism
Bipolar disorder/
Schizophrenia

Brain cancer

Epilepsy

Hereditary neuralgic
amyotrophy (HNA)

Cardiomyocyte
differentiation
Platelet secretion
Hematopoietic stem
cell growth

Immune

Leukemia

Bernard-Soulier syndrome
DiGeorge syndrome

&

T cell maturation |
T cell migration

Host cell defense to
invasive bacteria
Reproductive

Hodgkin's
Lymphoma

"R

Sperm
morphogenesis

Male infertility
Testicular cancer
Ovarian cancer

Integumentary

Disease

Squamous epithelia
migration

Hair follice stem
cellgrowth

Respiratory

Skin cancer

Endocrine

Lung cancer

Insulin secretion

Urinary

Pancreatic cancer

Glucose uptake
by podocytes

Digestive

Renal cell and
uroethelial carcinomas

Unknown

Actin [ Microtubules

| Membrane

. Vesicle fusion | | Apoptosis

[l unknown

Colorectal cancer
Oral cancer
Liver cancer

Dolat et al., Biol. Chem. (2014)




Disease-associated

Alzheimer's disease, cancer
Neurological Disorders
HNA, Alzheimer’s, Parkinsons

Cancer, bacterial infections

Alzheimer's disease, cancer, Down's
syndrome

e Loy Neurological disorders

Neurological disorders, cancer

e Bipolar, cancer

Cancer, autophagy-related diseases,
neurodegenerative disorders and metabolic
conditions, mitochondrial disease, diabetes

Endocrine Disorders

SEPTS Retinal degeneration

SEPT9 Neurological disorders, infections
SEPT10 —

SEPT11 ALS, viral infections, hormone-related
diseases

SEPT12 bacterial infections, hormone-related

SEPT14 Neurological disorders, cancer

Das and Kunwar, J. Cell. Biochem. (2024)







Proteomics 2011, 11, 3877-3886 DOI 10.1002/pmic.201000789

ReseARcH ARTICLE

Modulation of septin and molecular motor recruitment
in the microtubule environment of the Taxol-resistant
human breast cancer cell line MDA-MB-231

Laurence Froidevaux-Klipfel’, Florence Poirier?, Céline Boursier?, Ronan Crepin’,
Christian Poiis™*, Bruno Baudin™* and Anita Baillet’
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Septin cooperation with tubulin polyglutamylation contributes
to cancer cell adaptation to taxanes

Laurence Froidevaux-Klipfel**, Benjamin Targa!, Isabelle Cantaloube?,
Hayat Ahmed-Zaid?, Christian Poiis'?, Anita Baillet*
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Septin cooperation with tubulin polyglutamylation contributes
to cancer cell adaptation to taxanes
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ARTICLE Open Access

Septin filament coalignment with
microtubules depends on SEPT9_i1 and
tubulin polyglutamylation, and is an early
feature of acquired cell resistance to
paclitaxel
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Septin filament coalignment with
microtubules depends on SEPT9_i1 and
tubulin polyglutamylation, and is an early
feature of acquired cell resistance to
paclitaxel
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Why to get interested in mechanotransduction ?

No treatment

28 Reorganization of the cytoskeleton
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Altered mechanotransduction




Paclitaxel induces the remodeling of the cytoskeleton
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Lowering matrix stiffness mimics the Paclitaxel effect on septin localization
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Paclitaxel treatment results in decreased YAP nuclear localization...

15nM Paclitaxel
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... like when reducing substrate stiffness or perturbing the LINC complex
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Identification of differentially expressed genes following Paclitaxel treatment

RNA SEQUENCING
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Paclitaxel treatment results in reduced intracellular tension

CONSTRAINED CELL GROWTH ON MICROPATTERNS
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Traction Force Microscopy (TFM) to assess actin contractility

TRACTION FORCE MICROSCOPY
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Paclitaxel treatment results in a reduced actin contractility
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Paclitaxel and soft matrix make focal adhesions longer and less abundant...
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Conclusions and Future prospects

@ Septins associate with actin stress fibers in a
mechanosensitive manner

@ Paclitaxel has the same tension-releasing
effect than lowering matrix stiffness or
disorganizing the LINC complex:

=  Septin relocalization to microtubules

Disappearance of thick stress fibers

=
=  Reduced actin contractility
=

Reduced nuclear translocation of YAP

@ Altered mechanotransduction early induced

by Paclitaxel treatment is likely to contribute
to the acquisition of the resistant phenotype

Septin
relocalization
on microtubules

Loss of
stress fibers

- BORG2 overexpression
- Cdc42 activation

- Use of stabilizing drugs







