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Fig. 6. Kif17 KD affects actin dynamics and spindle migration. (A) Kif17 KD led to spindle migration failure. The D/L ratio, which was used to measure spindle
migration, is marked in the fluorescence image. ***P<0.001. (B) Kif17 KD significantly decreased the fluorescence intensity of actin in the cytoplasm of Ml-stage
oocytes, but did not affect that in the cortex. Actin and DNA are shown in red and blue, respectively. *P<0.05, NS, no significant difference. (C) Localization
patterns of actin and Kif17 in Ml-stage oocytes. Actin filaments (red) were distributed around Kif17 (green) and enriched at the spindle poles, which was in close
proximity to Kif17, in MI-stage oocytes. DNA is shown in blue. (D) Actin filaments were distributed around the spindle and enriched at the spindle poles, whereas
the actin fluorescence intensity was significantly decreased in Kif17-KD oocytes, as assessed using ImagedJ. Phalloidin-TRITC-labeled actin was colored white
by pseudo-color processing using ZEN lite 2012 software. ***P<0.001. (E) Expression of factors related to actin assembly was investigated by western blotting.
Kif17 KD decreased the expression levels of RhoA, ROCK1, p-LIMK and p-cofilin, but did not affect those of formin 2 and spire 2. (F) Quantification of the
band intensities using ImagedJ. *P<0.05; **P<0.01, NS, no significant difference. (G) Actin-related factors bound to the tail domain of Kif17. Western blotting
showed that the tail domain of Kif17 co-precipitated with Rab23, RhoA, ROCK1, p-LIMK and p-cofilin, but not with formin 2 and spire 2. Co-immunoprecipitation
was performed using 800 oocytes overexpressing Mycs-Kif17-tail and a mouse monoclonal anti-Myc antibody. A 10 | aliquot of the total lysate was loaded
(lane 1). A sample of the supernatant remaining after isolation of the Dynabead-antibody-antigen complex was loaded to verify the residual proteins and the
absorption efficiency of Dynabeads (lane 3). Another 200 oocytes injected with Mycs-Kif17-tail mMRNA were used as a positive control (lane 4). Pink arrowheads
show blurry bands. (H) Localizations of Kif17 and RhoA/ROCK in MlI-stage oocytes. RhoA and ROCK (green on the left and right, respectively) accumulated
at the spindle periphery, which was in close proximity to Kif17 (red). RhoA and ROCK also colocalized with Kif17 in the cytoplasm. Arrows indicate the
colocalization of Kif17 and RhoA/ROCK in the cytoplasm. Scale bars: 10 m.

The Rab23-Kif17 cascade affected Pbl extrusion. Furthermore, the Kifl7 level decreased from the GV stage to the MI stage.
KD of Kifl7 and Rab23 increased the percentages of oocytes Moreover, acetylated tubulin and Kif17 colocalized. The expression
with misaligned chromosomes and abnormal spindles. To analyze level of acetylated tubulin was significantly increased in
the effects of Rab23 and Kif17 on spindle formation, we examined Rab23 S23N-overexpressing and Kif77-KD oocytes. Therefore,
the level of acetylated tubulin, which is crucial for spindle formation  overaccumulation of acetylated tubulin due to disruption of Rab23
and stability. Acetylated tubulin gradually accumulated and and Kifl7 affected microtubule stability, which modulated spindle
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Fig. 7. The Rab23-Kif17 cascade regulates mouse oocyte meiotic maturation. (A) GDP-bound Rab23 was extensively distributed in the cytoplasm of
oocytes, whereas GTP-bound Rab23 was mainly distributed around spindle microtubules. Rab23 bound to the tail of Kif17, and GTP-bound Rab23 promoted
localization of Kif17 at the spindle poles. Cargo transported by Kif17 (including RhoA, ROCK1, p-LIMK, p-cofilin, « TAT and Sirt2) regulated tubulin acetylation
(in the peripheral area of spindle poles), spindle stability, chromosome misalignment and spindle migration, which eventually affected Pb1 extrusion and
meiotic maturation. (B) The transition of Rab23 between GDP-bound and GTP-bound states is important for activation and expression of Kif17. Kif17 regulates
actin filaments via binding of its tail to RhoA, ROCK1, p-LIMK and p-cofilin, which are involved in spindle migration. Kif17 also affects o-TAT and Nat10 for

tubulin acetylation, which modulates spindle organization.

assembly. We conclude that abnormal tubulin acetylation at the GV
stage affected organization of spindle microtubules, leading to
formation of disordered spindles or chromosome misalignment in
Rab23- and Kifl7-disrupted oocytes. Next, we explored the
mechanism by which Rab23 and Kif17 affect tubulin acetylation.
Expression levels of acetylation/deacetylation-related enzymes
(such as oTAT, Natl0 and Sirt2) were significantly changed in
Kif17-KD oocytes. oTAT enters the microtubule lumen through
microtubule ends and promotes acetylation of a-tubulin lysine 40
located in the lumen (Coombes et al., 2016). Natl0 plays an
important role in microtubule organization and stability by
regulating tubulin acetylation (Larrieu et al., 2014; Shen et al.,
2009). Hdac6 and Sirt2 are microtubule deacetylases in mitotic and
meiotic cells (Hubbert et al., 2002; Zhang et al., 2014a). o TAT and
Sirt2 bound to the tail domain of Kifl7 and their expression was
regulated by the Rab23-Kifl7 cascade. Although a direct
association between Natl0 and Kifl7 was not detected by
co-immunoprecipitation, NatlO still increased after Kifl7 KD.
Therefore, another mediator must regulate Natl0 function
downstream of Kifl7. This requires further investigation. Kifl7
does not appear to control or transport Hdac6. Acetylated tubulin
tended to gather at the spindle microtubule area close to the spindle
poles, suggesting that oTAT transported by Kifl7 can enter the
microtubule lumen through the microtubule ends and promote
microtubule acetylation in oocytes. In short, both the expression
level and distribution pattern of acetylated tubulin were changed in
Kif17-KD oocytes.

Moreover, depletion of Kif17 affected the asymmetric division of
oocytes, which might be due to defects in spindle migration to
the cortex. Defects in spindle migration are probably caused
by abnormal actin dynamics, particularly of cytoplasmic actin
filaments (actin meshwork) (Duan et al., 2014; Holubcova et al.,
2013; Sun et al., 2011). Actin localized around the spindle poles,
which was where Kifl7 accumulated, and depletion of Kifl7
decreased the level of cytoplasmic actin. Further analysis indicated
that regulators of actin assembly, such as RhoA, ROCK1, p-LIMK

and p-cofilin, were downregulated in Kifl/7-KD oocytes.
Kifl7 regulates RhoA-dependent actin remodeling in epithelial
cell-cell adhesions (Acharya et al., 2016). However, our
co-immunoprecipitation results showed that components of the
RhoA pathway bound to the tail domain of Kifl7, suggesting that
Kif17 forms a platform for these molecules. Overall, we conclude
that Kif17 recruits actin remodeling-related factors involved in the
RhoA pathway to the spindle poles via its tail domain and thereby
regulates spindle migration.

In summary, our results show that GTP-bound Rab23 regulates
the expression and distribution of Kif17, the tail domain of Kif17
associates with o TAT and Sirt2 to stabilize spindle microtubules,
and Kif17 transports RhoA, ROCK, LIMK and cofilin to facilitate
actin-mediated spindle migration during mouse oocyte meiotic
maturation.

MATERIALS AND METHODS
All chemicals and media were purchased from Sigma unless stated
otherwise.

Antibodies

Rabbit polyclonal anti-Rab23 (11101-1-AP, for IF 1:100, for WB 1:1000),
anti-Sirt2 (19655-1-AP, for WB 1:500), anti-Nat10 (13365-a-AP, for WB
1:1000), anti-formin 2 (11259-1-AP, for WB 1:1000) and anti-Hdac6
(12834-1-AP, for WB 1:1000) antibodies were purchased from Proteintech.
Mouse monoclonal anti-EGFP (ab184601, for WB 1:1000) and rabbit
polyclonal anti-Kif17 (ab11261, for IF 1:100, for WB 1:1000) antibodies
were purchased from Abcam. Mouse monoclonal anti-Myc (2276, for WB
1:1000) and rabbit polyclonal anti-a~tubulin (2125S, for WB 1:3000), anti-
GAPDH (51748, for WB 1:2000) and anti-p-cofilin (3313S, for WB
1:2000) antibodies were obtained from Cell Signaling Technology. Rabbit
polyclonal anti-oTAT (bs-9535R, for WB 1:1000) and anti-spire 2 (bs-
17678R, for WB 1:1000) antibodies were purchased from Bioss. Alexa
Fluor 488- (A11008 or A11001) and Alexa Fluor 594- (A11012 or A11005)
conjugated antibodies and a rabbit polyclonal anti-p-LIMK (PA5-37629, for
WB 1:1000) antibody were obtained from Invitrogen. Mouse monoclonal
anti-ROCK1 (sc-17794, for IF 1:50, for WB 1:500) and RhoA (sc-418, for
IF 1:50, for WB 1:500) antibodies were purchased from Santa Cruz
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Biotechnology. Horseradish peroxidase-conjugated goat anti-rabbit/mouse
IgG (H+L) (01334/01325, 1:3000) antibodies were obtained from CWBIO.

Oocyte collection and culture

All procedures with mice were conducted according to the guidelines issued
by the Animal Research Institute Committee of Nanjing Agriculture
University, China. This committee approved the experimental protocols.
Oocytes were collected from 4- to 6-week-old ICR mice and cultured in M2
medium under paraffin oil at 37°C in an atmosphere containing 5% CO,. For
mRNA or siRNA injection, GV-stage oocytes were maintained at this stage
by supplementing M2 medium with 2.5 mM milrinone.

Plasmid construction and mRNA synthesis

Total RNA was extracted from 100 GV-stage oocytes using a Takara
MiniBEST Universal RNA Extraction Kit. First-strand cDNA was generated
using a PrimeScript 1st Strand cDNA Synthesis Kit (Takara) and oligo(dT)
primers. The following primers were used to amplify the full-length coding
sequence of Rab23 and the tail domain of Kif17 by PCR: Rab23-F, 5'-ACT
ATA GGG AGA CCC AAG CTT ATG TTG GAG GAA GAT ATG GAA
GTG G-3'; Rab23-R, 5'-TCC GAG CTC GGT ACC AAG CTT GGG TAC
ACT ACA GCT GAA A-3’; Kifl7-tail-F, 5'-TCC ACT AGT CCA GTG
TGG TGG AAA AGATTG ATT ACC TGG CAA CCA TC-3'; and Kifl17-
tail-R, 5'-CTG TGC TGG ATA TCT GCA GAA TTT CAC AGA GGC
TCA CCA CCG AAG CT-3".

The PCR products were purified and cloned into the pcDNA3-EGFP or
Mycs-pcDNA3 vector using an In-Fusion HD Cloning Kit (Takara).
Mutations were introduced into the pcDNA3-Rab23-EGFP plasmid using
the following primers and a StarMut Site-directed Mutagenesis Kit (T111-
01, GenStar): Rab23 S23N-F, 5-GGT TGG AAA GAA CAG CAT GAT
TCA GC-3’;Rab23 S23N-R, 5'-TCATGC TGT TCT TTC CAA CCG CCC
CAT TC-3’; Rab23 Q68L-F, 5'-CAC TGC AGG TCT AGA GGA GTT
TGA TG-3’; and Rab23 Q68L-R, 5'-ACT CCT CTA GAC CTG CAG TGT
CCC ATA AC-3".

To synthesize mRNAs, the constructed plasmids were linearized using
Smal and purified. mRNAs were generated using a HiScribe T7 High Yield
RNA Synthesis Kit (NEB), capped with m’G(5")ppp(5')G (NEB) and tailed
using a Poly(A) Polymerase Tailing Kit (Epicentre), and then purified using
a RNA Clean & Concentrator-25 Kit (Zymo Research). /n vitro transcribed
mRNAs were stored at —80°C.

Microinjection of siRNAs and mRNAs
Each fully grown GV-stage oocyte was microinjected with 5-10 pl siRNA or
mRNA using an Eppendorf FemtoJet under an inverted microscope
(Olympus 1X71). To express Rab23 S23N-EGFP and Rab23 Q68L-
EGFP, 0.5 mg/ml mRNA (or 1.5 mg/ml Rab23 Q68L-EGFP and 1.8 mg/ml
Rab23 S23N-EGFP for overexpression) was injected into the cytoplasm
of GV-stage oocytes. Mycs-Kifl7-tail was used at a concentration of
1.18 mg/ml for overexpression. For protein expression, oocytes injected
with mRNAs were arrested at GV stage by culture in M2 medium containing
2.5 mM milrinone for 2 h. Oocytes were injected with the same amount of
RNase-free water as a control and treated similarly.

siRNAs targeting Rab23 and Kif17 (GenePharma) were injected into the
cytoplasm of oocytes to deplete the corresponding proteins. The siRNA
concentration used for microinjection was 20 uM. The Rab23-targeting
siRNA sequence was 5'-GAU GAA GAU GUA AGG CUA ATT-3’ and the
Kifl7-targeting siRNA sequence was 5'-CCU ACU ACA UAG AAC ACU
UTT-3'. The same amount of negative control siRNA was used as a control.
After siRNA injection, oocytes were arrested at the GV stage for 24 h to
thoroughly deplete Rab23 or Kif17.

Co-immunoprecipitation and western blotting

For co-immunoprecipitation, 800 oocytes injected with Mycs-Kifl7-tail
mRNA were harvested in lysis buffer containing a protease inhibitor cocktail
(Invitrogen). A mouse monoclonal anti-Myc antibody and Dynabeads Protein
G (ThermoFisher Scientific) were incubated together overnight. After three
washes, the antibody-conjugated Dynabeads were incubated with the cell
lysate for 5 h at 4°C. The tube was placed on a magnet, and the supernatant
was transferred to a fresh tube for further analysis. The bead-antibody-antigen

complex was washed and resuspended in elution buffer. Samples were
supplemented with 20 ul NuPAGE LDS Sample Buffer containing a reducing
agent (ThermoFisher Scientific) and heated at 70°C for 5 min.

For western blotting, denatured proteins were separated by SDS-PAGE
and electrophoretically transferred to polyvinylidene fluoride membranes.
Membranes were blocked in PBST (phosphate-buffered saline with Tween
20) containing 5% non-fat milk for 1 h at room temperature. Thereafter,
membranes were incubated with primary antibodies against Rab23, Kif17,
oTAT, Natl0, Sirt2, Hdac6, RhoA, ROCKI, p-LIMK and p-cofilin
(1:1000), acetylated tubulin (1:3000), and o-tubulin, GAPDH and Myc
(1:2000) overnight at 4°C followed by horseradish peroxidase-conjugated
secondary antibodies (1:3000) at room temperature for 1h. Finally,
membranes were washed three times with TBST (Tris-buffered saline
with Tween 20) and visualized using chemiluminescence reagents
(Millipore).

Immunofluorescence analysis

Oocytes were fixed in phosphate-buffered saline (PBS) containing 4%
paraformaldehyde for 30 min at room temperature, permeabilized in PBS
containing 0.5% Triton X-100 for 20 min and blocked in PBS containing
1% bovine serum albumin for 1 h at room temperature. Thereafter, oocytes
were incubated with antibodies against Rab23 and Kif17 (1:100), acetylated
tubulin (1:500) and a-tubulin (1:200) overnight at 4°C. After three washes
with PBS containing 0.1% Tween 20 and 0.01% Triton X-100, oocytes were
incubated with Alexa Fluor 488-conjugated goat anti-rabbit/mouse IgG
(1:100) at room temperature for 1 h. Finally, oocytes were stained with
10 pg/ml Hoechst 33342 prepared in PBS for 15 min.

To assess the localizations of Rab23 S23N-EGFP and Rab23 Q68L-
EGFP, oocytes were injected with a low concentration of Rab23 S23N-
EGFP or Rab23 Q68L-EGFP mRNA, cultured to a specific stage, fixed for
30 min and stained with Hoechst 33342. To stain actin filaments, oocytes
were blocked and immediately incubated with 10 ug/ml phalloidin-TRITC
for 2 h at room temperature. Finally, oocytes were mounted on glass slides
and observed using a confocal laser-scanning microscope (Zeiss LSM 700
META). Fluorescence intensities were analyzed using ZEN lite 2012 or
Image] software.

Statistical analysis

All experiments were repeated at least three times. Data were evaluated
using Student’s #-test with GraphPad Prism 5 software and are expressed as
meanzs.e.m. P<0.05 was considered statistically significant.

Acknowledgements

We thank Prof. Bo Xiong for generously providing the pcDNA3-EGFP plasmid.
We also thank the other members of Prof. Shao-Chen Sun’s laboratory for
discussions about our experiments.

Competing interests
The authors declare no competing or financial interests.

Author contributions

Conceptualization: H.-H.W., S.-C.S.; Methodology: H.-H.W., Y.Z., F.T., M.-H.P.,
XW.,, X.-H.L; Software: Y.Z., F.T., M.-H.P., X.W., X.-H.L.; Investigation: H.-H.W.,
Y.Z., F.T.; Resources: H.-H.W., F.T., M.-H.P., X W., X.-H.L.; Writing - original draft:
H.-H.W.; Writing - review & editing: S.-C.S.; Supervision: S.-C.S.; Project
administration: S.-C.S.; Funding acquisition: S.-C.S.

Funding

This work was supported by the National Key Research and Development Program
(2018YFC1003802), the National Natural Science Foundation of China (31622055,
31571547) and the Fundamental Research Funds for the Central Universities
(KYTZ201602, KJYQ201701), China.

References

Acharya, B. R., Espenel, C. and Kreitzer, G. (2013). Direct regulation of
microtubule dynamics by KIF17 motor and tail domains. J. Biol. Chem. 288,
32302-32313.

Acharya, B. R., Espenel, C., Libanje, F., Raingeaud, J., Morgan, J., Jaulin, F.
and Kreitzer, G. (2016). KIF17 regulates RhoA-dependent actin remodeling at
epithelial cell-cell adhesions. J. Cell Sci. 129, 957-970.

10

DEVELOPMENT


https://doi.org/10.1074/jbc.M113.494989
https://doi.org/10.1074/jbc.M113.494989
https://doi.org/10.1074/jbc.M113.494989
https://doi.org/10.1242/jcs.173674
https://doi.org/10.1242/jcs.173674
https://doi.org/10.1242/jcs.173674

RESEARCH ARTICLE

Development (2019) 146, dev171280. doi:10.1242/dev.171280

Azoury, J., Lee, K. W., Georget, V., Rassinier, P., Leader, B. and Verlhac, M. H.
(2008). Spindle positioning in mouse oocytes relies on a dynamic meshwork of
actin filaments. Curr. Biol. 18, 1514-1519.

Bai, X., Karasmanis, E. P. and Spiliotis, E. T. (2016). Septin 9 interacts with kinesin
KIF17 and interferes with the mechanism of NMDA receptor cargo binding and
transport. Mol. Biol. Cell 27, 897-906.

Camlin, N. J., McLaughlin, E. A. and Holt, J. E. (2017a). Kif4 is essential for mouse
oocyte meiosis. PLoS ONE 12, e0170650.

Camlin, N. J., McLaughlin, E. A. and Holt, J. E. (2017b). Motoring through: the role
of kinesin superfamily proteins in female meiosis. Hum. Reprod. Update 23,
409-420.

Cheeseman, L. P., Boulanger, J., Bond, L. M. and Schuh, M. (2016). Two
pathways regulate cortical granule translocation to prevent polyspermy in mouse
oocytes. Nat. Commun. 7, 13726.

Coombes, C., Yamamoto, A., McClellan, M., Reid, T. A., Plooster, M., Luxton,
G. W, Alper, J., Howard, J. and Gardner, M. K. (2016). Mechanism of
microtubule lumen entry for the alpha-tubulin acetyltransferase enzyme
alphaTAT1. Proc. Natl. Acad. Sci. USA 113, E7176-E7184.

Duan, X., Liu, J., Dai, X.-X., Liu, H.-L., Cui, X.-S., Kim, N.-H., Wang, Z.-B., Wang,
Q. and Sun, S.-C. (2014). Rho-GTPase effector ROCK phosphorylates cofilin in
actin-meditated cytokinesis during mouse oocyte meiosis. Biol. Reprod. 90, 37.

Dumont, J. and Desai, A. (2012). Acentrosomal spindle assembly and
chromosome segregation during oocyte meiosis. Trends Cell Biol. 22, 241-249.

Eggenschwiler, J. T., Espinoza, E. and Anderson, K. V. (2001). Rab23 is an
essential negative regulator of the mouse Sonic hedgehog signalling pathway.
Nature 412, 194-198.

Eggenschwiler, J. T., Bulgakov, O. V., Qin, J., Li, T. and Anderson, K. V. (2006).
Mouse Rab23 regulates hedgehog signaling from smoothened to Gli proteins.
Dev. Biol. 290, 1-12.

Espenel, C., Acharya, B. R. and Kreitzer, G. (2013). A biosensor of local kinesin
activity reveals roles of PKC and EB1 in KIF17 activation. J. Cell Biol. 203,
445-455,

Evans, T. M., Ferguson, C., Wainwright, B. J., Parton, R. G. and Wicking, C.
(2003). Rab23, a negative regulator of hedgehog signaling, localizes to the
plasma membrane and the endocytic pathway. Traffic 4, 869-884.

Franker, M. A., Esteves da Silva, M., Tas, R. P., Tortosa, E., Cao, Y., Frias, C. P.,
Janssen, A. F. J., Wulf, P. S., Kapitein, L. C. and Hoogenraad, C. C. (2016).
Three-step model for polarized sorting of KIF17 into dendrites. Curr. Biol. 26,
1705-1712.

Guo, A, Wang, T., Ng, E. L., Aulia, S., Chong, K. H., Teng, F. Y., Wang, Y. and
Tang, B. L. (2006). Open brain gene product Rab23: expression pattern in the
adult mouse brain and functional characterization. J. Neurosci. Res. 83,
1118-1127.

Hirokawa, N. (1998). Kinesin and dynein superfamily proteins and the mechanism
of organelle transport. Science 279, 519-526.

Holubcova, Z., Howard, G. and Schuh, M. (2013). Vesicles modulate an actin
network for asymmetric spindle positioning. Nat. Cell Biol. 15, 937-947.

Hubbert, C., Guardiola, A., Shao, R., Kawaguchi, Y., Ito, A., Nixon, A., Yoshida,
M., Wang, X. F. and Yao, T. P. (2002). HDACG6 is a microtubule-associated
deacetylase. Nature 417, 455-458.

Jang, J. K., Rahman, T., Kober, V. S., Cesario, J. and McKim, K. S. (2007).
Misregulation of the kinesin-like protein Subito induces meiotic spindle formation
in the absence of chromosomes and centrosomes. Genetics 177, 267-280.

Kiral, F. R., Kohrs, F. E., Jin, E. J. and Hiesinger, P. R. (2018). Rab GTPases and
membrane trafficking in neurodegeneration. Curr. Biol. 28, R471-R486.

Larrieu, D., Britton, S., Demir, M., Rodriguez, R. and Jackson, S. P. (2014).
Chemical inhibition of NAT10 corrects defects of laminopathic cells. Science 344,
527-532.

Leader, B., Lim, H., Carabatsos, M. J., Harrington, A., Ecsedy, J., Pellman, D.,
Maas, R. and Leder, P. (2002). Formin-2, polyploidy, hypofertility and positioning
of the meiotic spindle in mouse oocytes. Nat. Cell Biol. 4, 921-928.

Leaf, A. and Von Zastrow, M. (2015). Dopamine receptors reveal an essential role
of IFT-B, KIF17, and Rab23 in delivering specific receptors to primary cilia. Elife 4,
e€06996.

Lim, Y. S. and Tang, B. L. (2015). A role for Rab23 in the trafficking of Kif17 to the
primary cilium. J. Cell Sci. 128, 2996-3008.

Ma, R., Hou, X., Zhang, L., Sun, S. C., Schedl, T., Moley, K. and Wang, Q. (2014).
Rab5a is required for spindle length control and kinetochore-microtubule
attachment during meiosis in oocytes. FASEB J. 28, 4026-4035.

Magiera, M. M. and Janke, C. (2014). Post-translational modifications of tubulin.
Curr. Biol. 24, R351-R354.

Miki, H., Okada, Y. and Hirokawa, N. (2005). Analysis of the kinesin superfamily:
insights into structure and function. Trends Cell Biol. 15, 467-476.

Palazzo, A., Ackerman, B. and Gundersen, G. G. (2003). Cell biology: Tubulin
acetylation and cell motility. Nature 421, 230.

Pfender, S., Kuznetsov, V., Pleiser, S., Kerkhoff, E. and Schuh, M. (2011). Spire-
type actin nucleators cooperate with Formin-2 to drive asymmetric oocyte division.
Curr. Biol. 21, 955-960.

Schuh, M. (2011). An actin-dependent mechanism for long-range vesicle transport.
Nat. Cell Biol. 13, 1431-1436.

Schuh, M. and Ellenberg, J. (2007). Self-organization of MTOCs replaces
centrosome function during acentrosomal spindle assembly in live mouse
oocytes. Cell 130, 484-498.

Shen, Q., Zheng, X., McNutt, M. A., Guang, L., Sun, Y., Wang, J., Gong, Y., Hou,
L. and Zhang, B. (2009). NAT10, a nucleolar protein, localizes to the midbody and
regulates cytokinesis and acetylation of microtubules. Exp. Cell Res. 315,
1653-1667.

Sirajuddin, M., Rice, L. M. and Vale, R. D. (2014). Regulation of microtubule motors
by tubulin isotypes and post-translational modifications. Nat. Cell Biol. 16,
335-344.

Stenmark, H. (2009). Rab GTPases as coordinators of vesicle traffic. Nat. Rev. Mol.
Cell Biol. 10, 513-525.

Sun, S.C.,Wang, Z.B.,Xu,Y.N., Lee, S. E., Cui, X. S. and Kim, N. H. (2011). Arp2/
3 complex regulates asymmetric division and cytokinesis in mouse oocytes. PLoS
ONE 6, 18392.

Takano, K., Miki, T., Katahira, J. and Yoneda, Y. (2007). NXF2 is involved in
cytoplasmic mRNA dynamics through interactions with motor proteins. Nucleic
Acids Res. 35, 2513-2521.

Wang, B., Rao, Y. H., Inoue, M., Hao, R, Lai, C. H., Chen, D., McDonald, S. L.,
Choi, M. C., Wang, Q., Shinohara, M. L. et al. (2014). Microtubule acetylation
amplifies p38 kinase signalling and anti-inflammatory IL-10 production. Nat.
Commun. 5, 3479.

Wang, H. H., Cui, Q., Zhang, T., Wang, Z. B., Ouyang, Y. C., Shen, W., Ma, J. Y.,
Schatten, H. and Sun, Q. Y. (2016). Rab3A, Rab27A, and Rab35 regulate
different events during mouse oocyte meiotic maturation and activation.
Histochem. Cell Biol. 145, 647-657.

Wong-Riley, M. T. and Besharse, J. C. (2012). The kinesin superfamily protein
KIF17: one protein with many functions. Biomol Concepts 3, 267-282.

Yajima, J., Edamatsu, M., Watai-Nishii, J., Tokai-Nishizumi, N., Yamamoto, T.
and Toyoshima, Y. Y. (2003). The human chromokinesin Kid is a plus end-
directed microtubule-based motor. EMBO J. 22, 1067-1074.

Yi, K., Unruh, J. R., Deng, M., Slaughter, B. D., Rubinstein, B. and Li, R. (2011).
Dynamic maintenance of asymmetric meiotic spindle position through Arp2/3-
complex-driven cytoplasmic streaming in mouse oocytes. Nat. Cell Biol. 13,
1252-1258.

Yi, Z.-Y., Ma, X.-S., Liang, Q.-X., Zhang, T., Xu, Z.-Y., Meng, T.-G., Ouyang, Y.-C.,
Hou, Y., Schatten, H., Sun, Q.-Y. et al. (2016). Kif2a regulates spindle
organization and cell cycle progression in meiotic oocytes. Sci. Rep. 6, 38574.

Yin, X., Feng, X., Takei, Y. and Hirokawa, N. (2012). Regulation of NMDA receptor
transport: a KIF17-cargo binding/releasing underlies synaptic plasticity and
memory in vivo. J. Neurosci. 32, 5486-5499.

Zhang, L., Hou, X., Ma, R., Moley, K., Schedl, T. and Wang, Q. (2014a). Sirt2
functions in spindle organization and chromosome alignment in mouse oocyte
meiosis. FASEB J. 28, 1435-1445.

Zhang, Y., Duan, X., Cao, R,, Liu, H.-L., Cui, X.-S., Kim, N.-H., Rui, R. and Sun,
S.-C. (2014b). Small GTPase RhoA regulates cytoskeleton dynamics during
porcine oocyte maturation and early embryo development. Cell Cycle 13,
3390-3403.

11

DEVELOPMENT


https://doi.org/10.1016/j.cub.2008.08.044
https://doi.org/10.1016/j.cub.2008.08.044
https://doi.org/10.1016/j.cub.2008.08.044
https://doi.org/10.1091/mbc.E15-07-0493
https://doi.org/10.1091/mbc.E15-07-0493
https://doi.org/10.1091/mbc.E15-07-0493
https://doi.org/10.1371/journal.pone.0170650
https://doi.org/10.1371/journal.pone.0170650
https://doi.org/10.1093/humupd/dmx010
https://doi.org/10.1093/humupd/dmx010
https://doi.org/10.1093/humupd/dmx010
https://doi.org/10.1038/ncomms13726
https://doi.org/10.1038/ncomms13726
https://doi.org/10.1038/ncomms13726
https://doi.org/10.1073/pnas.1605397113
https://doi.org/10.1073/pnas.1605397113
https://doi.org/10.1073/pnas.1605397113
https://doi.org/10.1073/pnas.1605397113
https://doi.org/10.1095/biolreprod.113.113522
https://doi.org/10.1095/biolreprod.113.113522
https://doi.org/10.1095/biolreprod.113.113522
https://doi.org/10.1016/j.tcb.2012.02.007
https://doi.org/10.1016/j.tcb.2012.02.007
https://doi.org/10.1038/35084089
https://doi.org/10.1038/35084089
https://doi.org/10.1038/35084089
https://doi.org/10.1016/j.ydbio.2005.09.022
https://doi.org/10.1016/j.ydbio.2005.09.022
https://doi.org/10.1016/j.ydbio.2005.09.022
https://doi.org/10.1083/jcb.201305023
https://doi.org/10.1083/jcb.201305023
https://doi.org/10.1083/jcb.201305023
https://doi.org/10.1046/j.1600-0854.2003.00141.x
https://doi.org/10.1046/j.1600-0854.2003.00141.x
https://doi.org/10.1046/j.1600-0854.2003.00141.x
https://doi.org/10.1016/j.cub.2016.04.057
https://doi.org/10.1016/j.cub.2016.04.057
https://doi.org/10.1016/j.cub.2016.04.057
https://doi.org/10.1016/j.cub.2016.04.057
https://doi.org/10.1002/jnr.20788
https://doi.org/10.1002/jnr.20788
https://doi.org/10.1002/jnr.20788
https://doi.org/10.1002/jnr.20788
https://doi.org/10.1126/science.279.5350.519
https://doi.org/10.1126/science.279.5350.519
https://doi.org/10.1038/ncb2802
https://doi.org/10.1038/ncb2802
https://doi.org/10.1038/417455a
https://doi.org/10.1038/417455a
https://doi.org/10.1038/417455a
https://doi.org/10.1534/genetics.107.076091
https://doi.org/10.1534/genetics.107.076091
https://doi.org/10.1534/genetics.107.076091
https://doi.org/10.1016/j.cub.2018.02.010
https://doi.org/10.1016/j.cub.2018.02.010
https://doi.org/10.1126/science.1252651
https://doi.org/10.1126/science.1252651
https://doi.org/10.1126/science.1252651
https://doi.org/10.1038/ncb880
https://doi.org/10.1038/ncb880
https://doi.org/10.1038/ncb880
https://doi.org/10.1242/jcs.163964
https://doi.org/10.1242/jcs.163964
https://doi.org/10.1016/j.cub.2014.03.032
https://doi.org/10.1016/j.cub.2014.03.032
https://doi.org/10.1016/j.tcb.2005.07.006
https://doi.org/10.1016/j.tcb.2005.07.006
https://doi.org/10.1038/421230a
https://doi.org/10.1038/421230a
https://doi.org/10.1016/j.cub.2011.04.029
https://doi.org/10.1016/j.cub.2011.04.029
https://doi.org/10.1016/j.cub.2011.04.029
https://doi.org/10.1038/ncb2353
https://doi.org/10.1038/ncb2353
https://doi.org/10.1016/j.cell.2007.06.025
https://doi.org/10.1016/j.cell.2007.06.025
https://doi.org/10.1016/j.cell.2007.06.025
https://doi.org/10.1016/j.yexcr.2009.03.007
https://doi.org/10.1016/j.yexcr.2009.03.007
https://doi.org/10.1016/j.yexcr.2009.03.007
https://doi.org/10.1016/j.yexcr.2009.03.007
https://doi.org/10.1038/ncb2920
https://doi.org/10.1038/ncb2920
https://doi.org/10.1038/ncb2920
https://doi.org/10.1038/nrm2728
https://doi.org/10.1038/nrm2728
https://doi.org/10.1371/journal.pone.0018392
https://doi.org/10.1371/journal.pone.0018392
https://doi.org/10.1371/journal.pone.0018392
https://doi.org/10.1093/nar/gkm125
https://doi.org/10.1093/nar/gkm125
https://doi.org/10.1093/nar/gkm125
https://doi.org/10.1038/ncomms4479
https://doi.org/10.1038/ncomms4479
https://doi.org/10.1038/ncomms4479
https://doi.org/10.1038/ncomms4479
https://doi.org/10.1007/s00418-015-1404-5
https://doi.org/10.1007/s00418-015-1404-5
https://doi.org/10.1007/s00418-015-1404-5
https://doi.org/10.1007/s00418-015-1404-5
https://doi.org/10.1515/bmc-2011-0064
https://doi.org/10.1515/bmc-2011-0064
https://doi.org/10.1093/emboj/cdg102
https://doi.org/10.1093/emboj/cdg102
https://doi.org/10.1093/emboj/cdg102
https://doi.org/10.1038/ncb2320
https://doi.org/10.1038/ncb2320
https://doi.org/10.1038/ncb2320
https://doi.org/10.1038/ncb2320
https://doi.org/10.1038/srep38574
https://doi.org/10.1038/srep38574
https://doi.org/10.1038/srep38574
https://doi.org/10.1523/JNEUROSCI.0718-12.2012
https://doi.org/10.1523/JNEUROSCI.0718-12.2012
https://doi.org/10.1523/JNEUROSCI.0718-12.2012
https://doi.org/10.1096/fj.13-244111
https://doi.org/10.1096/fj.13-244111
https://doi.org/10.1096/fj.13-244111
https://doi.org/10.4161/15384101.2014.952967
https://doi.org/10.4161/15384101.2014.952967
https://doi.org/10.4161/15384101.2014.952967
https://doi.org/10.4161/15384101.2014.952967

