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Abstract

Microtubule stability and dynamics regulations are essential for vital cellular processes,
such as microtubule-dependent axonal transport. Dynamin is involved in many membrane
fission events, such as clathrin-mediated endocytosis. The ubiquitously expressed
dynamin-2 has been reported to regulate microtubule stability. However, the underlying
molecular mechanisms remain unclear. This study aimed to investigate the roles of
intrinsic properties of dynamin-2 on microtubule regulation by rescue experiments. A
heterozygous DNM2 mutation in HeLa cells was generated, and an increase in the level
of stabilized microtubules in these heterozygous cells was observed. The expression of
wild-type dynamin-2 in heterozygous cells reduced stabilized microtubules. Conversely,
the expression of self-assembly-defective mutants of dynamin-2 in the heterozygous cells
failed to decrease stabilized microtubules. This indicated that the self-assembling ability
of dynamin-2 is necessary for regulating microtubule stability. Moreover, the
heterozygous cells expressing the GTPase-defective dynamin-2 mutant, K44A, reduced
microtubule stabilization, similar to the cells expressing wild-type dynamin-2, suggesting
that GTPase activity of dynamin-2 is not essential for regulating microtubule stability.
These results showed that the mechanism of microtubule regulation by dynamin-2 is

diverse from that of endocytosis.
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Introduction

Microtubules are highly dynamic structural filaments that direct cellular morphology,
migration, and cell division. Microtubules are commonly divided into two functional
fractions: dynamic and stable microtubules (Avila, 1992). Dynamic microtubules
demonstrate rapid exchange of tubulin subunits, leading to elongating and shrinking
microtubules. In specialized cells, such as neurons, microtubules form stable bundles
within axons and facilitate the transport of synaptic vesicles. Hyperdynamic microtubules
have been observed in many neurodegenerative diseases, such as Alzheimer’s disease and
amyotrophic lateral sclerosis. In contrast, increased microtubule stability triggers the
progression of neurodegeneration in hereditary spastic paraplegia (Dubey, Ratnakaran, &
Koushika, 2015). Thus, the dysregulation of microtubule stability contributes to the
progression of various diseases. Although microtubule-associated proteins, such as
MAP2 and tau, have been reported to stabilize microtubules by inhibiting their
depolymerization (Dehmelt & Halpain, 2005), the regulatory mechanisms of microtubule
stability remain poorly understood.

Classical dynamin is conserved in many organisms, including Caenorhabditis elegans,
Drosophila melanogaster, and mammals (Clark, Shurland, Meyerowitz, Bargmann, &
van der Bliek, 1997). For example, dynamin in C. elegans and D. melanogaster is
encoded by dyn-1 and shibire, respectively (Clark et al., 1997). There are three classical
dynamins in mammals, dynamin-1, dynamin-2, and dynamin-3, encoded by three genes
viz. DNM1, DNM2, and DNM3, respectively. Dynamin-1 primarily functions in the brain
and nerves; dynamin-2 is ubiquitously expressed; dynamin-3 is expressed in the testes,
lungs, heart, and brain (Nakata et al., 1993; Sontag et al., 1994). Three dynamins are

identical to each other, especially at the amino-terminus, and they share approximately



80% identity at the full-length protein level (T. A. Cook et al., 1994; T. Cook et al., 1996;
Nakata et al., 1993).

Dynamin mutants contribute to various human diseases. For instance, many DNM?2
mutations have been identified from subtypes of Charcot—-Marie-Tooth (CMT)
neuropathy, CMT2M (Fabrizi et al., 2007), CMTDIB (Ziichner et al., 2005), and type 1
of centronuclear myopathy (CNM) (Bitoun et al., 2005).

Dynamin consists of five domains, including GTPase, middle, pleckstrin homology
(PH), GTPase effector (GE), and proline-rich (PR) domains. It was reported that shibire
supports receptor-mediated endocytosis (Chen et al., 1991; van der Bliek & Meyerowrtz,
1991), suggesting functional roles of dynamins in vivo. The dominant negative mutant,
K44A of mammalian dynamin abolished their internalization of transferrin due to
impairment of clathrin-mediated endocytosis (Damke et al., 1994). In addition, dynamin
also participates in other endocytic events, such as caveolin-dependent endocytosis
(Henley et al., 1998; Oh et al., 1998) and fluid-phase endocytosis (Cao et al., 2007).
During endocytosis process, dynamin can spontaneously self-assemble into rings or
helices around the neck of the clathrin-coated pits (Hinshaw & Schmid, 1995; Takei,
McPherson, Schmid, & Camilli, 1995), realized by the strong interaction between the
middle and GE domains within and between dynamin dimers (Zhang & Hinshaw, 2001).
GTP binding and hydrolysis are required to drive a conformational change in dynamin
(Takei et al., 1995), resulting in vesicle detachment from the plasma membrane. GTPase
activity can be triggered by dynamin self-assembly (Warnock, Hinshaw, & Schmid, 1996)
or other activators, such as microtubules (Herskovits et al., 1993). Additionally, dynamin
is associated with the cytoskeleton, including actin filaments (McNiven et al., 2000) and

microtubules (Shpetner & Vallee, 1989). Purified dynamin from the bovine brain has



shown microtubule binding and bundling properties in vitro (Shpetner & Vallee, 1989).
The co-localization of dynamin and microtubules is also observed in cells and in vivo
(Thompson, Skop, Euteneuer, Meyer, & McNiven, 2002; Ziichner et al., 2005).
Furthermore, the ubiquitously expressed dynamin-2 in mammals regulates microtubules.
Overexpression of a CMT disease-related dynamin-2 mutant, 551A3, increases the level
of stabilized microtubules in cultured cells (Tanabe & Takei, 2009). Despite evidence for
dynamin—microtubule interaction, the regulatory mechanism of microtubule stability by
dynamin-2 is still unclear.

This study investigated the regulatory mechanisms of microtubule stability by
dynamin-2 in HeLa cells using rescue experiments. First, I generated a heterozygous
DNM?2 mutant cell line (DNM2TP>R~ HeLa cells) with depleted endogenous dynamin-2
protein and increased stabilized microtubules. Then, I examined the effect of disease-
related dynamin-2 mutants on microtubule stability by expressing GFP-dynamin-2
constructs in these heterozygous cells. Using the same method, I also investigated the
necessity of each domain of dynamin-2 during microtubule regulation. Furthermore, the
properties of dynamin-2, including GTPase activity and self-assembling ability, which
are essential for clathrin-mediated endocytosis, were studied by expressing the function-

defective mutants in DNM2HLD>R= Hel a cells.



Materials and Methods

Materials and chemicals

Mouse monoclonal anti-acetylated tubulin antibody (#T6793, diluted 1:2000 for
immunoblotting and 1:500 for immunofluorescence) and alkaline phosphatase-
conjugated rabbit anti-goat IgG (#AP106A, diluted 1:5000 before use) were purchased
from Merck (Darmstadt, Germany). Goat polyclonal anti-dynamin-2 antibody (#sc-6400,
diluted 1:200 before use) was purchased from Santa Cruz Biotechnology, Inc. (CA, USA).
Mouse monoclonal anti-actin antibody (#ab14128, diluted 1:2000 before use) was
purchased from Abcam (Cambridge, UK). Mouse anti-a-tubulin antibody (clone DM1A,
#CLT9002, diluted 1:2000 before use) was purchased from CEDARLANE (Ontario,
Canada). Alexa Fluor 555 conjugated goat anti-mouse IgG (H+L) (#A-21424, diluted
1:400 before use) was purchased from Thermo Fisher Scientific (MA, USA). Alkaline
phosphatase-conjugated anti-mouse IgG (#S372B, diluted 1:5000 before use) was
purchased from Promega Corporation (WI, USA). Cy3-conjugated human transferrin

(#009-160-050) was purchased from Jackson ImmunoResearch Laboratories (PA, USA).

Plasmid constructions

pEGFP-C1-DNM?2-wild-type (WT) and pEGFP-C1-DNM2-K44A were previously
generated (Hamao, Morita, & Hosoya, 2009). pEGFP-C1-DNM2-HLD>R, -AGTPase, -
AMiddle, -APH, -AGE, -APR, -R361S, -K535A, -551A3, -555A3, -G537C, -K562E, -
A618T, -S619L, or -1684K, was generated by PCR-based mutagenesis using pEGFP-C1-
DNM?2-WT as a template using KOD One PCR Master Mix (#KMM-101; TOYOBO CO.,
LTD., Osaka, Japan). pGedit-DNM?2-target, used for genome editing, was generated as

described previously (Nagasaki et al., 2018).



Cell culture and transfection

HeLa cells (RCB0007) were procured from RIKEN BRC through the National Bio-
Resource Project of MEXT/AMED, Japan. Cells were cultured in Eagle’s Minimum
Essential Medium (#5900; Nissui Pharmaceuticals Co., LTD., Tokyo, Japan)
supplemented with 10% (v/v) fetal bovine serum (#8048; Biological Industries, Beit-
Haemek, Israel) at 37°C in a 5% CO> humidified atmosphere. Plasmid transfection was
performed using Lipofectamine LTX Reagent (#15338-100; Thermo Fisher Scientific) as

per the manufacturer’s protocol.

Genome editing

The heterozygous DNM2 mutant HeLa cell line (DNM2HEP"R™ cell line) was generated
using the CRISPR/Cas9 system (Ran et al., 2013). First, the pGedit-DNM?2-target plasmid
containing Cas9, sgRNA, and EGFP-Blasticidin S-resistance gene was transfected into
HeLa cells. Blasticidin S-resistant cell colonies were then picked up individually to
generate cell lines. Finally, genomic DNA sequencing was performed to determine the
genotype. Briefly, Genomic DNA containing the edited region was amplified with primers
(Forward: 5- GCCTGAGAACCGGATGAG -3’ Reverse: 5-
GCACCTCCTGTCCTACGG -3’) by PCR using KOD One PCR Master Mix (#KMM-
101; TOYOBO). The amplified DNA was electrophoresed and purified using Wizard SV
Gel and PCR Clean-Up System (#A9281; Promega). The purified DNA was sequenced

with a primer (Forward: 5’- GCCTGAGAACCGGATGAG -3°).
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Immunoblotting

Immunoblotting was performed as reported previously (Hamao et al., 2009). Briefly,
cells were lysed in RIPA buffer (50 mM Tris—HCI, 150 mM NaCl, 0.1% SDS, 0.5%
sodium deoxycholate, 1% Triton X-100, pH8.0) with 1 X protease inhibitor (Complete
Protease Inhibitor Cocktail, #4693116001; Merck) and 1 mM phenylmethylsulfonyl
fluoride and sonicated on ice using a Branson 450 Sonifier (Branson Ultrasonics, CT,
USA). The cell lysates were treated with Laemmli buffer (1% SDS, 50 mM dithiothreitol,
7.5% glycerol, 40 mM Tris—HCI, and bromophenol blue, pH 6.8) and boiled for 5 min to
denature the proteins. Proteins were separated by SDS polyacrylamide gel electrophoresis
and then transferred to a PVDF membrane (#ISEQ00010; Merck). Membranes were
probed with anti-actin, anti-dynamin-2, or anti-acetylated tubulin antibodies, followed by
alkaline phosphatase-conjugated secondary antibodies. Finally, the blots were developed
with 0.2 mg/mL Nitro Blue Tetrazolium Chloride (#24720-56; NACALAI TESQUIE,
INC., Tokyo, Japan) and 0.1 mg/mL 5-bromo-4-chloro-3-indolyl phosphate p-toluidine
salt (#05643-24; NACALAI TESQUE, INC.) in the alkaline phosphatase buffer (100 mM
Tris—HCI, 5 mM MgCl,, 100 mM NaCl, pH 9.5). Fiji software (v.1.53c; NIH, MD, USA)

was used to analyze the gray value of protein bands.

Indirect immunofluorescence

Indirect immunofluorescence was performed as described previously (Hamao et al.,
2009; Kondo et al., 2012). Briefly, cells on a coverslip were fixed with 3.7%
formaldehyde and permeabilized with 0.2% Triton X-100. The cells were then probed
with anti-acetylated tubulin or anti-o-tubulin antibody, followed by Alexa Fluor 555-

conjugated secondary antibodies. Finally, the cells were mounted with Vectashield

-11 -



mounting medium (#H-1000; Vector Laboratories, Inc., CA, USA). containing 0.5 mg/ml
4’6’-diamidine-2’-phenylindole dihydrochloride (DAPI) (NACALAI TESQUE, INC.).
For cold resistance analysis, the cells were incubated on ice for the indicated time and

fixed with 3.7% formaldehyde for subsequent staining.

Microscopy

Images of rescue experiments were obtained using a confocal microscope (Olympus
FV1000; Olympus, Tokyo, Japan) with UPLSAPO 40 X /NA 0.90 objective (Olympus),
using 473 nm and 559 nm laser lines. Images of cold resistance experiment were obtained
using ZEISS LSM 900 (Carl Zeiss AG, Oberkochen, Germany) with Plan-Apochromat
63 X /1.40 Oil M27 objective (Zeiss), using 488 nm and 561 nm laser lines. CellProfiler
software (v.4.0.7; Broad Institute, MA, USA) and ImageJ software (v.1.53¢c, NIH) were
used to measure the fluorescence intensity of acetylated tubulin and internalized
transferrin. In brief, GFP channel was used to determine the outline of the individual cell,

and the integrated density in acetylated tubulin channel of each cell was measured.

Statistical analysis
GraphPad Prism v.7.03 (GraphPad Software, Inc., CA, USA) was used to perform the
statistical analysis. Statistical significance was assessed as described in the individual

figure legends.
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Results

Dynamin-2 is involved in regulating microtubule stability

To confirm that dynamin-2 regulates microtubule stability in HeLa cells, I attempted
to generate a DNM?2 knock-out cell line using the CRISPR/Cas9 system. The target
mutation sequence of DNM?2 was designed in exon 1 or 2, and 5 out of 12 single-cell
clones could survive and proliferate. I determined the genotypes of the 5 clones, but none
of them had homozygous mutations. Instead, 2 clones had no mutation, whereas the other
three clones showed diverse heterozygous mutations. It suggested that dynamin-2 is too
essential in multiple processes to be removed completely. Therefore, the one generated
by targeting exon 1 (Fig. 1A) was used in the subsequent experiments. One allele of the
DNM? gene in heterozygous mutant HeLa cells had a 190-base-pair deletion before the
PAM sequence (Fig. 1B), suggesting that this allele could not produce the precise
dynamin-2 protein. The other allele had a 6-base-pair deletion followed by a single base-
pair substitution, resulting in a 2-amino-acid deletion and a 1-amino-acid change, which
finally generated a mutation, HLD to R (HLD>R, Fig. 1B). Hence, the heterozygous
DNM?2 mutant HeLa cells were termed as DNM2HLD>R= Hel a cells. Furthermore, the
immunoblotting studies revealed that the expression of endogenous dynamin-2 was
decreased by half in DNM2HLP"R~ HeLa cells compared with that in control HeLa cells
(Fig. 2A and B).

To assess microtubule stability, I quantified the level of acetylated a-tubulin, a marker
of stabilized microtubules (Palazzo, Ackerman, & Gundersen, 2003). DNM2HLP"R™ Hela
cells demonstrated high levels of stabilized microtubules compared with control HeLa
cells by immunoblotting (Fig. 2A and B) and immunostaining (Fig. 2C and D). This result

is consistent with that of previous work (Tanabe & Takei, 2009), and siRNA-mediated
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dynamin-2 knockdown (Fig. 2E and F). The level of stabilized microtubules was
examined in DNM2HIP"R™ Hela cells expressing GFP-dynamin-2-WT or -HLD>R
mutant (Fig. 3A). DNM2WP>R~ HelLa cells expressing GFP-dynamin-2-WT decreased
the levels of stabilized microtubules (Fig. 3B and C), confirming that dynamin-2 is
involved in regulating microtubule stability. Similarly, DNM2PP-R™~ Hela cells
expressing GFP-dynamin-2-HLD>R exhibit a normal level of stabilized microtubule
similar to the cells expressing GFP-dynamin-2-WT (Fig. 3B and C), suggesting that the
increase in stabilized microtubules in DNM2HLP"R~ HeLa cells is not caused by the amino
acid changes of dynamin-2 (HLD>R) from one of the DNM?2 alleles. To further examine
the microtubule stability in DNM2HP-R™ HeLa cells, 1 assessed the cold resistance of
microtubules. The number of cells retaining more than one filamentous structure was
quantified. After cold treatment for 30 min, the microtubules in 40% of the control cells
were completely depolymerized. In contrast, approximately 80% of the DNM2HID=R/-
HeLa cells still have filamentous microtubules (Fig. 3D and E). It also indicated that
microtubules are more stable in DNM2HP-R~ HeLa cells. Consequently, these results
demonstrated that dynamin-2 plays a vital role in regulating the transformation of

stabilized microtubules to dynamic microtubules.

The Charcot-Marie-Tooth-related dynamin-2-551A3 mutant associates with
microtubule stability.

Dynamin-2 is identified as the causative gene of CMT disease and CNM. A deletion
mutant, 551A3, identified from a patient with CMT disease, co-localized with
microtubules apparently, and overexpression of this mutant induced accumulation of

stabilized microtubules in COS-7 cells (Tanabe & Takei, 2009). Therefore, I examined
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whether dynamin-2-551A3 rescues microtubules in DNM2HEP"R~ HeLa cells. Expression
of GFP-dynamin-2-551A3 in DNM2H'PR~ HeLa cells did not reduce stabilized
microtubules compared with dynamin-2-WT-expressing cells (Fig. 4A, B, and C). This
result confirmed that 551A3 mutant leads to abnormal microtubule stabilization.
Furthermore, I prepared dynamin-2-555A3, the longest splice variant of dynamin-2, with
deletion of the identical residues as 551A3. DNM2HP>R~ HeLa cells expressing 555A3
mutant had stabilized microtubules (Fig. 4A, D, and E), similar to the cells expressing
551A3 mutant (Fig. 4B and C), indicating an identical function in microtubule regulation
between the different splice variants.

Additionally, I wondered whether the other disease mutants, including CMT mutants,
G537C and K562E, and CNM mutants, A618T and S619L (Fig. 5A), display the
regulatory effect on microtubules in DNM2MEP=R™ HeLa cells. As result of quantification,
all CMT- and CNM-related mutants exhibited comparable levels of stabilized
microtubules with dynamin-2-WT (Fig. 5B and C) in DNM2"'P"R~ HeLa cells. Both
K562E and G537C mutants show impaired phosphoinositide-binding affinity (Chin et al.,
2015; Kenniston & Lemmon, 2010) and defective transferrin uptake (Fig. 6A and B).
However, the impairment of transferrin uptake was not observed in 551A3-expressing
cells (Tanabe & Takei, 2009). Therefore, I concluded that the disorder in CMT patients
with 551A3 mutation is linked to abnormal microtubule stability, distinct from other

CMT-related mutants that disrupt endocytosis.

GTPase, middle, pleckstrin homology, and GTPase effector domains of dynamin-2
are required for regulating microtubule stability

To investigate the functional significance of the individual domains of dynamin-2 in
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regulating microtubule stability, each dynamin-2 mutant lacking the individual GTPase,
middle, PH, GE, and PR domains (Fig. 7A) was overexpressed in DNM2HP-R™ Hela
cells. The DNM2HEP"R™ HeLa cells expressing GFP-dynamin-2-AGTPase, -AMiddle, -
APH, or -AGE remained at a high level of stabilized microtubules (Fig. 7B and C).
Nevertheless, overexpression of GFP-dynamin-2-APR reduced the level of stabilized
microtubules in DNM2HIP"R~ HeLa cells (Fig. 7B and C). A previous study has suggested
that the PR domain of dynamin is a significant interaction site for microtubules in vitro
(Herskovits et al., 1993). Furthermore, dynamin-2 is localized along the mitotic spindle
via the PR domain (Ishida, Nakamura, Tanabe, Li, & Takei, 2011). To examine whether
the PR domain of dynamin-2 is also required to bind to interphase microtubule, I observed
the co-localization of GFP-dynamin-2-WT and -APR mutant with microtubules in HeLa
cells. GFP-dynamin-2-WT appeared dotted structures along filaments after the removal
of cytosolic proteins, while GFP-dynamin-2-APR mutant showed dotted structures
dispersed throughout the cell (Fig. 8A). In addition, I also observed reduced association
between dynamin-2-APR mutant and microtubules by performing Pearson correlation
analysis (Fig. 8B), indicating that PR domain is involved in microtubule binding in cells,
although it has no effect on microtubule regulation. Taken together, these findings
suggested that the GTPase, middle, PH, and GE domains, but not the PR domain of

dynamin-2 play vital roles in regulating microtubule stability.

Self-assembling ability of dynamin-2 participates in regulating microtubule stability
The middle and GE domains are located at the stalk structure of the dynamin-1 dimer
(Zhang & Hinshaw, 2001). Dynamin-1 lacking GE domain expressed in COS-7 cells

abolished self-assembly and reduced the sedimentation coefficient from 7.5S to 4.5S,

-16-



suggesting that the deletion of GE domain abolished self-assembly of dynamin-1 without
aggregation (Okamoto, Tripet, Litowski, Hodges, & Vallee, 1999; Smirnova, Shurland,
Newman-Smith, Pishvaee, & van der Bliek, 1999). Either middle or GE domain deletion
dynamin-2 mutant exhibited a high level of stabilized microtubules (Fig. 7B and C).
Therefore, I was curious about the necessity of self-assembling ability on microtubule
regulation. Previous studies have reported that R361S in the middle domain
(Ramachandran et al., 2007) or I690K in the GE domain (Song, Yarar, & Schmid, 2004)
in dynamin-1 resulted in an unassembled protein. Accordingly, mutations were generated
at the identical residues (R361S and 1684K) in dynamin-2 (Fig. 9A), equivalent to
dynamin-1-R361S and -1690K, respectively. Subsequently, the effects of these mutations
on receptor-mediated endocytosis were assessed. The dominant-negative mutant, K44A,
with impaired GTPase activity, was used as a positive control, as the inhibition of
endocytosis has been observed in dynamin-2-K44A expressing cells (Altschuler et al.,
1998). The results demonstrated that HeLa cells expressing dynamin-2-R361S and -
[684K exhibit impaired Cy3-transferrin uptake compared with dynamin-2-WT-
expressing cells (Fig. 9B and C), indicating that these dynamin-2 mutants induce
endocytosis defects similar to those of dynamin-1. Then, I examined the level of stabilized
microtubules in DNM2HIP>R™ HeLa cells expressing GFP-dynamin-2-R361S or -1684K,
and none of them reduced the level of stabilized microtubules (Fig. 10A and B). These
results demonstrated that the self-assembling ability of dynamin-2 is needed to regulate

microtubule stability.

GTPase activity of dynamin-2 is unimportant for regulating microtubule stability

To examine the role of the GTPase activity of dynamin-2 on microtubule stability, the
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GTPase-defective mutant, K44A (Damke et al., 1994), was overexpressed in
DNM2HID>R/= Hel a cells, and the levels of stabilized microtubules were assessed. The
results revealed that stabilized microtubules in GFP-dynamin-2-K44A (Fig. 11A)
overexpressing DNM2HPR~ Hel a cells were reduced to a normal level, as observed in
DNM2HIP=R™~ Hel a cells expressing GFP-dynamin-2-WT (Fig. 11B and C). Consistently,
the CMT-related mutants K562E, which exhibited low stimulated-GTPase activity due to
abolished phosphoinositide affinity (Kenniston & Lemmon, 2010), also demonstrated a
reduction in the level of stabilized microtubules in DNM2HLP"R~ HeLa cells (Fig. 5B and
C). These results suggested that the GTPase activity is not essential for microtubule
regulation. Due to the necessity of GTPase activity for receptor-mediated endocytosis, I
concluded that the mechanism of microtubule regulation by dynamin-2 is different from

that of endocytosis regulation.

- 18-



Discussion

The summary of this study

In this study, I have demonstrated that self-assembling ability, but not the GTPase
activity, of dynamin-2 plays a significant role in regulating microtubule stability. The
regulatory mechanism of microtubule stability by dynamin-2 differs from that of
endocytosis since GTPase activity of dynamin-2 is required for the endocytosis, but not

regulating microtubule stability (Fig. 12).

The tools and methods used in this study

In this study, I generated dynamin-2-depleted HeLa cells. HeLa cells were used
because microtubule dynamics can be observed easily, and they proliferate faster than
other cell types. I tried to generate dynamin-2 knock-out cells by CRISPR/Cas9 system,
which is widely used for realizing genome editing. However, I failed to knock out
dynamin-2 entirely. I consider that dynamin-2 is too essential in multiple processes, and
complete depletion of dynamin-2 may induce cell death. Indeed, I found poor attachment
of heterozygous mutant cells and observed slower growth of these cells than the parent
HeLa cells. I thought it is due to the impairment of dynamin-2 function on focal adhesion
and cytokinesis (Ezratty, Partridge, & Gundersen, 2005; Thompson et al., 2002).
Endogenous dynamin-2 is decreased by half in the heterozygous mutant cells, and
stabilized microtubules are increased significantly (Fig. 2A, B, C, and D). These results
are consistent with that observed in siRNA-mediated dynamin-2 knockdown cells (Fig.
2E and F). Thus, the heterozygous mutant cell line is utilized as a useful tool for

subsequent studies.
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Tubulin acetylation was generally used as a marker of stable microtubules. However,
recent studies support the sentiment that a-tubulin acetyl-transferase aTAT1 mediated
acetylation can affect the structure and mechanical properties of microtubules (Eshun-
Wilson et al., 2019). Although no evidence shows that dynamins interact with aTAT1
(Maruta, Greer, & Rosenbaum, 1986), to exclude the possibility that dynamin-2 regulates
microtubules by interfering with tubulin acetylation, I also assessed microtubule stability
using another method. I performed cold resistance analysis (Fig. 3D and E) and quantified
the number of the cells with cold-resistant microtubules. Compared with control HeLa
cells, more heterozygous cells have cold-resistant microtubules, supporting that dynamin-

2 depletion results in more stabilized microtubules.

The role of dynamin-2 domains and biochemical properties in regulating
microtubule stability

I summarized the roles of dynamin-2 domains and biochemical properties in regulating
microtubule stability in Table 1. I have shown that overexpression of dynamin-2-551A3
or -555A3 mutant leads to abnormal microtubule stabilization in HeLa cells (Fig. 4),
consistent with the previous result in COS-7 cells (Tanabe & Takei, 2009). On the other
hand, low-level expression of the same mutant did not induce microtubule stabilization
in embryonic fibroblasts from dynamin-2 conditional null mouse (Liu, Lukiyanchuk, &
Schmid, 2011). The conflict between these reports may be caused by different cell types
and expression levels of dynamin-2 mutant.

I have also shown that the PR domain of dynamin-2 is dispensable for regulating
microtubule stability (Fig. 7B and C). Previously, it has been reported that a mammalian

dynamin-like protein, DLP1, binds to single microtubules in cultured cells (Yoon, Pitts,
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Dahan, & McNiven, 1998). Furthermore, another dynamin-related protein in plants,
phragmoplastin, is associated with microtubules in various cell cycle phases (Hong,
Geisler-Lee, Zhang, & Verma, 2003). Since both DLP1 and phragmoplastin lack the C-
terminal PR domain, I wondered whether the PR domain of dynamin-2 is not involved in
microtubules binding in cells. The co-localization analysis shows that dynamin-2-APR
mutant does not co-localize with microtubules in HeLa cells (Fig. 8A and B), consistent
with an in vitro study that dynamin-1 binds to microtubules via the PR domain at the C-
terminus (Herskovits et al., 1993). Conclusively, these results suggest that the PR domain
is involved in microtubule binding and dynamin-2 regulates microtubule stability
indirectly in cells, perhaps via interacting with additional factors.

Overexpression of the self-assembly-defective mutants, dynamin-2-R361S or -1684K,
does not rescue microtubules in DNM2HIP"R~ HeLa cells (Fig. 10A and B).
Sedimentation equilibrium analytical ultracentrifugation studies have shown that
dynamin-1-R361S exists predominantly as a dimer, in contrast to the dynamin-1-WT
tetramer (Ramachandran et al., 2007). It has been reported that dynamin-1-I690K mutant
can form a tetramer, but not higher-order structures, such as a ring and a spiral (Song et
al., 2004). Impaired endocytosis in dynamin-2-R361S- or -1684K-expressing cells (Fig.
9B and C) reveals that self-assembling ability is also abolished in mutated dynamin-2.
Therefore, these results suggest the self-assembly-dependent regulation of microtubule
stability by dynamin-2. Oligomeric dynamin has also been reported to crosslink F-actin
filaments into regular bundles (Gu et al., 2010), indicating that oligomeric dynamin-2
may also be involved in crosslinking microtubules. It can be conjectured that
oligomerized dynamin-2 is required to wrap around the microtubules, which inhibits the

interaction between microtubule lattice and other stabilizing factors. Accordingly, the role
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of self-assembled dynamin-2 in microtubule stability should be studied in more detail.

On the other hand, PH domain-mediated binding of dynamin to the phosphoinositide
occurs coincident with, or following, its self-assembly (Klein, Lee, Frank, Marks, &
Lemmon, 1998). Hence, the phosphoinositide-binding ability of dynamin-2 is a
considerable property during microtubule regulation. In fact, I showed that dynamin-2-
K535A (Fig. 13A), which essentially abolishes dynamin’s phosphoinositide binding
(Vallis, Wigge, Marks, Evans, & McMahon, 1999), did not decrease stabilized
microtubule in DNM2HLPR™ HeLa cells (Fig. 13B and C). However, an opposite effect
was observed in another phosphoinositide-binding-defective mutant, K562E (Fig. 5B and
C). Supportively, dynamin-1-K561M (equivalent to residue K562 in dynamin-2), but not
K535M, binds to and is activated by microtubules (Achiriloaie, Barylko, & Albanesi,
1999), suggesting that the residue K535 is more critical for microtubule-binding than
K561. Therefore, whether the phosphoinositide-binding ability is a crucial property for
dynamin-2 on microtubule regulation remains a mystery, although K535 of dynamin-2 is
required for microtubule stability.

The GTP binding and hydrolysis abilities of dynamin are commonly related to its
functions in various cellular processes. For instance, during endocytosis, the force derived
from GTP hydrolysis is used to change the conformation of dynamin oligomers, which
form around the neck of budding vesicles (Takei et al., 1995). However, a decrease in the
stabilized microtubules in dynamin-2-K44A-expressing DNM2HLP-R™ cells (Fig. 11B and
C) demonstrates that the GTPase activity of dynamin-2 is not essential for regulating
microtubule stability. In other words, the conformational change of dynamin-2 oligomers
via GTP hydrolysis is not imperative for regulating microtubule stabilization.

Interestingly, the complete deletion of the GTPase domain, containing the GTP binding
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and hydrolysis site, K44, does not reduce the stabilized microtubules (Fig. 7B and C).
Therefore, these findings indicate that the GTPase domain may have other functions,

except for GTP binding and hydrolysis.

A hypothesis of the regulatory mechanism of dynamin-2-dependent microtubules

I hypothesize that dynamin-2 regulates microtubules by interacting factors. Candidate
screening using Drosophila showed that patronin genetically interacts with dynamin
homolog in Drosophila, shibire. Patronin is a microtubule minus-end binding protein,
which was reported to protect microtubule minus end from depolymerization in
Drosophila S2 cells (Goodwin & Vale, 2010). Introducing mutation in this protein rescued
the lethal phenomenon in the flies that carry a disease-related mutation of dynamin-2
(data not shown), suggesting a genetical interaction between dynamin and Patronin. The
Patronin homolog in human is CAMSAP family, which consists of three members,
CAMSAP1, CAMSAP2, and CAMSAP3 (Baines et al., 2009). It has been reported that
CAMSAP2/3 can slow down but do not block minus-end polymerization and inhibit
minus-end disassembly (Akhmanova & Steinmetz, 2019). Furthermore, CAMSAP2 was
also reported as a microtubule nucleation center in vitro (Imasaki et al., 2022). Therefore,
dynamin-2 may suppress the stabilization or nucleation ability of CAMSAPs in cells.
Depletion of dynamin-2 or expression of dynamin-2 mutants abolishes the suppression of
stabilization or nucleation ability of CAMSAPs, resulting in more stabilized microtubules
without growth and shrinkage, or just increasing the number of microtubules. More

evidence is needed in the future to support this hypothesis.

Distinct functions of dynamin-1 and dynamin-2 on microtubule regulation
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Mammalian dynamin has three members that function on different tissues. Three
dynamins share approximately 80% identity at the full-length protein level, but they
exhibit only 53% identity at C-terminus (Urrutia, Henley, Cook, & McNiven, 1997). In
this study, depletion of dynamin-2 in HeLa cells induced abnormal stabilized
microtubules, revealing that dynamin-2 is required for maintaining dynamic microtubules.
In contrast to the effect of dynamin-2 on microtubules, depletion of dynamin-1 reduced
the number of microtubule bundles in differentiated mouse podocyte (La et al., 2020),
suggesting that dynamin-1 can stabilize microtubules. The low identity of the two PR
domains of dynamin-1 and dynamin-2 may result in the opposite effect on microtubules,
which is needed to be further studied by determining whether the two PR domains have

distinct functions.
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Figure 1. Generation of a heterozygous DNM2 mutant (DNM2HIP"R-) cell line by
CRISPR/Cas9 system. (A) Schematic diagrams of human DNM?2 gene. Target sequence
in exon 1 is highlighted and followed by a PAM sequence. (B) Sequencing chromatogram
of DNM2HIP=R" cell line. On one of the DNM? alleles, 190 base pairs containing the start
codon and about a half of 5’UTR were deleted. Another allele has a 6-base-pair deletion
and a single base-pair substitution. The box shows the protein sequence near the

deletion/substitution sites on allele 2.
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Figure 2
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Figure 2. DNM?2 heterozygous mutation leads to increased microtubule stabilization. (A)
Immunoblotting of cell lysates from control (CTL) or heterozygous DNM2 mutant
(DNM2HLP=R™) HeLa cells with anti-dynamin-2 (Dyn2), anti-acetylated tubulin (Acet-
tubulin), and anti-actin antibodies. (B) The protein levels of dynamin-2 and acetylated
tubulin in DNM2HEPZR= cells were quantified and normalized to those of CTL cells. Actin
was used as the loading control. Each bar represents the mean +SD from three
independent experiments (n = 3). Unpaired Student’s t-test was performed to compare the
expression of dynamin-2 and acetylated tubulin in DNM2HLPR/™ cells with that in CTL
cells (*p < 0.05, ***p < 0.001). (C) CTL or DNM2HLP"R/~ cells were immunostained with
anti-acetylated tubulin antibody (magenta). Scale bar = 30 um. (D) The intensity of
acetylated tubulin was quantified and shown in a boxplot. The top, middle and bottom
lines of the box represent 90%, 50% and 10% of data, respectively. The boxplot whiskers
are SD. The mean is shown as a symbol (+). Unpaired Student’s t-test was performed to
compare the levels of acetylated tubulin in DNM2TEP"R cells (n = 143) with that in CTL
cells (n = 146) (****p < 0.0001). (E) siRNA against dynamin-2 (siDyn2, sequence:
GGGCUUCAUGUCCAACAAQG) or Luciferase (siLuc, sequence:
CGUACGCGGAAUACUUCGA) was transfected into HeLa cells by Nucleofector™ Kit
R (#VVCA-1001, Lonza, Basel, Switzerland). Transfected HeLa cells were
immunostained with anti-acetylated tubulin antibody (magenta). The outline of the cells
is framed by the dashed line. Scale bar = 30 um. (F) The intensity of acetylated tubulin
was quantified and shown in a boxplot. Unpaired Student’s t test was performed to
compare the intensity of acetylated tubulin in the cells transfected with siDyn2 (n = 49)

with that in the cells transfected with silLuc (n = 56) (****p<0.0001).
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Figure 3
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Figure 3. Effect of GFP-dynamin-2-WT and -HLD>R expression on microtubule
stabilization in DNM2HLP~R- HeLa cells. (A) Schematic diagram of dynamin-2-HLD>R
mutant. pEGFP-C1-DNM2-HLD>R was generated by PCR-based mutagenesis using
pEGFP-C1-DNM2-WT as a template. (B) CTL or DNM2HLP"R- HeLa cells expressing
GFP, GFP-dynamin-2-WT, or -HLD>R (green) were immunostained with anti-acetylated
tubulin antibody (magenta). Scale bar = 30 um. (C) The intensity of acetylated tubulin
was quantified and shown in a boxplot. The top, middle and bottom lines of the box
represent 90%, 50% and 10% of data, respectively. The boxplot whiskers are SD. The
mean is shown as a symbol (+). One-way ANOVA (Dunnett’s multiple comparisons test)
was performed to compare the intensity of acetylated tubulin in CTL cells expressing GFP
(n = 104) or DNM2MLP=R- HeL a cells expressing GFP-dynamin-2-WT/-HLD>R (n > 90)
with that in DNM2HEP"R- Hela cells expressing GFP (n = 108) (****p< 0.0001). (D)
CTL or DNM2WIP>R= cells were treated on ice for 0, 15, or 30 min and then
immunostained with anti-a-tubulin antibody (magenta). Nuclei were stained with DAPI
(blue). Scale bar = 30 pm. (E) The number of cells in (D) that have more than one
filamentous structure was divided by total cell number (n > 34). Each bar represents the
mean = SD from three independent experiments (n = 3). Statistical significance was

performed using two-way ANOVA (bonferroni's multiple comparison test) (*p < 0.05).
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Figure 4

551A3

1 —|G:TPaseHMiddle|-| PHH Ge HPR|- 866

555A3

1 —IéTPaseHMiddleH PHH e HPR|- 870

Merge.d

Merged

Merged

F el

R o

Merged
£

e
Merged

,@)\‘)

-

4

» .

A
Dyn2-551A3
Dyn2-555A3
B
Acet-tubulin
|
|_
(@)
Acet-tubulin
4
A
A . £ W P
T DyR2-WT Acet-tubulin
=
Z
= |
Dygu Acet-tubulin
D
Acet-tubulin
-
|_
(@)
Acet-tubulin
4
A
[a)
Q |
& Dyn2:WT Acet-tubulin
=
Z
o
Dyn2-555A3 | Acet-tubulin

| Merged

Cc

The intensity of
acetylated tubulin (a.u.)

The intensity of
acetylated tubulin (a.u.)

-36 -

500+ —
l—l *kk ns
Kkkk .
400
300 : “'
200{ .. |
13 T +
L T
100- -
—
C ;. ; ] 1
&, & &
Oc§<Q R\ C§<Q &I P
X @‘L x @W\\Q @W(vogo
S O S
Q
2501 T
l—l *kkk ns
*%
200
150+ B )
100 _]_ 1 T
+ +
504 |+
i m-
0 .|. .I. 1 1
o & &
o é(Q N (‘9(8 N §/\ Q‘&(o‘ovrb
x @W x $®q’~\& e@"\/{y@
F T o
X



Figure 4. Effect of dynamin-2-551A3 and -555A3 mutant expressions on microtubule
stabilization in DNM2HLP"R~ HeLa cells. (A) Schematic diagram of dynamin-2-551A3
and -555A3 mutants. (B and D) CTL or DNM2HLPR~ HeL a cells expressing GFP, GFP-
dynamin-2-WT, -551A3 (B, green), or -555A3 (D, green) were immunostained with anti-
acetylated tubulin antibody (magenta). Scale bars = 30 pm. (C and E) The intensity of
acetylated tubulin was quantified and shown in a boxplot. The top, middle and bottom
lines of the box represent 90%, 50% and 10% of data, respectively. The boxplot whiskers
are SD. The mean is shown as a symbol (+). One-way ANOVA (Dunnett’s multiple
comparisons test) was performed to compare the intensity of acetylated tubulin in CTL
cells expressing GFP (n > 100) or DNM2HIP=R™ Hel a cells expressing GFP-dynamin-2-
WT/mutants (n > 90) with DNM2HIP"R~ HelLa cells expressing GFP (n > 73) (**p < 0.01,

wxkp < 0,001, *#%%p < 0.0001).
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Figure 5
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Figure 5. Effect of GFP-dynamin-2-G537C, -K562E, -A618T and -S619L mutant
expressions on microtubule stabilization in DNM2HLP"R- HeLa cells. (A) Schematic
diagram of dynamin-2-G537C, -K562E, -A618T and -S619L mutants. pEGFP-CI-
DNM?2-mutant was generated by PCR-based mutagenesis using pEGFP-C1-DNM2-WT
as a template. Charcot-Marie-Tooth disease (CMT) or Centronuclear myopathy (CNM)-
related mutants are shown in blue or green, respectively. (B) CTL or DNM2TP"R- Hela
cells expressing GFP, GFP-dynamin-2-WT, or mutants (green) were immunostained with
anti-acetylated tubulin antibody (magenta). Scale bar = 30 um. (C) The intensity of
acetylated tubulin was quantified and shown in a boxplot. The top, middle and bottom
lines of the box represent 90%, 50% and 10% of data, respectively. The boxplot whiskers
are SD. The mean is shown as a symbol (+). One-way ANOVA (Dunnett’s multiple
comparisons test) was performed to compare the intensity of acetylated tubulin in CTL
cells expressing GFP (n = 65) or DNM2HIP"R- HeLa cells expressing GFP-dynamin-2-
WT/mutants (n > 40) with DNM2HIP"R- HeLa cells expressing GFP (n = 73) (****p <

0.0001).
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Figure 6
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Figure 6. Effect of GFP-dynamin-2-K44A, -G537C, -K562E, -A618T, and -S619L
expressions on Cy3-transferrin uptake in HeLa cells. (A) HeLa cells expressing GFP-
dynamin-2-WT or indicated mutants (green) were incubated with 25 pg/mL of Cy3-
transferrin (Cy3-Tfn, magenta) for 30 min before fixation. The images were obtained
using Olympus FV1000 with UPLSAPO 40%/0.90 objective. Scale bar = 30 um. (B) The
intensity of Cy3-transferrin was quantified by Fiji software and shown in a boxplot. The
top, middle and bottom lines of the box represent 90%, 50% and 10% of data, respectively.
The boxplot whiskers are SD. The mean is shown as a symbol (+). One-way ANOVA
(Dunnett’s multiple comparisons test) was performed to compare the intensity of Cy3-
transferrin in the cells expressing GFP-dynamin-2 mutants (n > 15) with that in the cells

expressing GFP-dynamin-2-WT (n = 28) (***p< 0.001, ****p< 0.0001).
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Figure 7
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Figure 7. Effect of GFP-dynamin-2-AGTPase, -AMiddle, -APH, -AGE, and -APR mutant
expressions on microtubule stabilization in DNM2"P"R™ Hela cells. (A) Schematic
diagram of dynamin-2-WT and dynamin-2 domain-deleted mutants: AGTPase, AMiddle,
APH, AGE, and APR. (B) CTL or DNM2H'P"R™~ HeLa cells expressing GFP, GFP-
dynamin-2-WT, or mutants (green) were immunostained with anti-acetylated tubulin
antibody (magenta). Scale bar = 30 um. (C) The intensity of acetylated tubulin was
quantified and shown in a boxplot. The top, middle and bottom lines of the box represent
90%, 50% and 10% of data, respectively. The boxplot whiskers are SD. The mean is
shown as a symbol (+). One-way ANOVA (Dunnett’s multiple comparisons test) was
performed to compare the intensity of acetylated tubulin in CTL cells expressing GFP (n
= 30) or DNM2MP-R™ HeL a cells expressing GFP-dynamin-2-WT/mutants (n > 20) with

DNM2HLD"R= HeLa cells expressing GFP (n = 30) (****p < 0.0001).
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Figure 8
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Figure 8. Co-localization analysis of GFP-dynamin-2-WT and -APR with microtubules.
(A) HeLa cells expressing GFP-dynamin-2-WT, or -APR mutant (green) were pre-
permeabilized in warmed BRB80 (80 mM Pipes/KOH, pH 6.8, | mM MgCl, 1 mM
EGTA, 4% polyethylene glycol 8000) with 0.3% Triton X-100 for 10 min before fixation.
Then, the cells were immunostained with anti-a-tubulin antibody (magenta). The images
were obtained using ZEISS LSM 900 with Plan-Apochromat 63%/1.40 Oil M27 Objective.
The inset image in each channel displays a magnified view of the boxed region. Scale bar
= 30 pm. Scale bar of inset image = 1 um. (B) The co-localization of GFP-dynamin-2-
WT or -APR mutant with microtubules was quantified by measuring the Pearson’s
correlation coefficient using Volocity software (v. 6.5.1; PerkinElmer, MA, USA). Each
bar represents the mean (n=10)+SD. Statistical significance was performed using

unpaired t-tests (*p < 0.05).
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Figure 9
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Figure 9. Effect of GFP-dynamin-2-K44A, -R361S and 1684K expressions on Cy3-
transferrin uptake in HeLa cells. (A) Schematic diagram of dynamin-2 mutants, R361S
and 1684K. (B) HeLa cells expressing GFP-dynamin-2-WT or mutants (green) were
incubated with 25 pg/mL of Cy3-transferrin (Cy3-Tfn, magenta) for 30 min before
fixation. The images were obtained using Olympus FV1000 with UPLSAPO 40x%/0.90
objective. Scale bar = 30 um. (C) The intensity of Cy3-transferrin was quantified by Fiji
software and shown in a boxplot. The top, middle and bottom lines of the box represent
90%, 50% and 10% of data, respectively. The boxplot whiskers are SD. The mean is
shown as a symbol (+). One-way ANOVA (Dunnett’s multiple comparisons test) was
performed to compare the intensity of Cy3-transferrin in the cells expressing GFP-
dynamin-2 mutants (n > 15) with that in the cells expressing GFP-dynamin-2-WT (n =

28) (**p< 0.01, ***%p< 0.0001).
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Figure 10

A

Dynz—?m S | Acet-tubulin

-

d Acet-tubulin | Mérged

8%
éﬂ %

e

CTL

o

Acet-tubulin Mrd }

-1684K | Acet-tubulin

DNM2HLD>R-

T . | Acet-tubulin

DNM2HLD>R/-

B [ I [ |
—~ 600+ 1 *k ns ns
— g *k :
5 &
>
gé 4004
o - T
0 :
= 3. 2004 T + T T .
Q -
() + o
®
O 1 1 ; 1 Ll
NG & & & &
O(§<Q & (§<Q & N & Q)\% & q,s‘j“~
T P S
S SO L SV
J T T EF TS
;Y X

- 48 -



Figure 10. Effect of GFP-dynamin-2-R361S and -1684K mutant expressions on
microtubule stabilization in DNM2H-P"R~ HelLa cells. (A) CTL or DNM2HP"R™ Hela
cells expressing GFP, GFP-dynamin-2-WT, or mutants (green) were immunostained with
anti-acetylated tubulin antibody (magenta). Scale bar = 30 um. (B) The intensity of
acetylated tubulin was quantified and shown in a boxplot. The top, middle and bottom
lines of the box represent 90%, 50% and 10% of data, respectively. The boxplot whiskers
are SD. The mean is shown as a symbol (+). One-way ANOVA (Dunnett’s multiple
comparisons test) was performed to compare the intensity of acetylated tubulin in CTL
cells expressing GFP (n = 24) or DNM2H'P"R~ HeLa cells expressing GFP-dynamin-2-

WT/mutants (n>20) with DNM2HLP"R~ HeLa cells expressing GFP (n=53) (**p <0.01).
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Figure 11
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Figure 11. Effect of dynamin-2-K44A mutant expression on microtubule stabilization in
DNM2HIP"R~ HeLa cells. (A) Schematic diagram of dynamin-2-K44A mutant. (B) CTL
or DNM2HIP=R™~ HeLa cells expressing GFP, GFP-dynamin-2-WT, or -K44A (green)
were immunostained with anti-acetylated tubulin antibody (magenta). Scale bar = 30 um.
(C) The intensity of acetylated tubulin was quantified and shown in a boxplot. The top,
middle and bottom lines of the box represent 90%, 50% and 10% of data, respectively.
The boxplot whiskers are SD. The mean is shown as a symbol (+). One-way ANOVA
(Dunnett’s multiple comparisons test) was performed to compare the intensity of
acetylated tubulin in CTL cells expressing GFP (n = 35) or DNM2HP=R™ Hel a cells
expressing GFP-dynamin-2-WT/-K44A (n > 20) with DNM2HIP"R~ HeLla cells

expressing GFP (n = 26) (***p <0.001, ****p < 0.0001).
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Figure 12
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regulatory mechanisms between microtubule stability and endocytosis.
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Figure 13
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Figure 13. Effect of GFP-dynamin-2-K535A expression on microtubule stabilization in
DNM2HID=R- Hel a cells. (A) Schematic diagram of dynamin-2-K535A mutant. (B) CTL
or DNM2HLP"R- HeLa cells expressing GFP, GFP-dynamin-2-WT, or -K535A (green)
were immunostained with anti-acetylated tubulin antibody (magenta). Scale bar = 30 um.
(C) The intensity of acetylated tubulin was quantified and shown in a boxplot. The top,
middle and bottom lines of the box represent 90%, 50% and 10% of data, respectively.
The boxplot whiskers are SD. The mean is shown as a symbol (+). One-way ANOVA
(Dunnett’s multiple comparisons test) was performed to compare the intensity of
acetylated tubulin in CTL cells expressing GFP (n = 24) or DNM2HP"R- Hela cells
expressing GFP-dynamin-2-WT/-K535A (n > 40) with that in DNM2HP"R- HeLa cells

expressing GFP (n = 53) (****p<0.0001).
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Table 1

Table 1. Characters of dynamin-2 mutants and their effects on abnormal stabilized microtubule in DNM2"P>R- HeLa cells.

Dynamin-2 mutant Character Rescue abnormal stabilized microtubule
AGTPase, AMiddle, AGE, APH Domain deletion -
APR Domain deletion +
K44A GTPase activity defect! +
R361S Self-assembly defect? -
1684K Self-assembly defect? -
K535A Lipid-binding defect* -
551A3 (555A3) CMT disease -
G537C, K562E CMT disease +
A618T, S619L CNM +

CMT: Charcot-Marie-Tooth; CNM: centronuclear myopathy.
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