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Relationships between Abelson tyrosine kinase (c-abl) and spindle
during meiotic division in mouse oocyte in vitro”
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Summary: The c-Abl gene is a nonreceptor tyrosine kinase that has roles in cell growth, control of the cell cycle, initiation of
pronuclear movement and actin cytoskeleton dynamics. The present study has examined the localization of c-Abl protein during oocyte
activation in mouse in vitro. Confocal immunofluorescence analysis showed that c-Abl originates at the cortex with a crescent shape
before the activation and continues up along both sides of the cortex after activation during meiotic division until pronuclear stage.
These results demonstrate that c-Abl may play role in asymmetric division of the egg to produce polar body, positioning of the spindle,
and may regulate the microtubule cytoskeleton or have some roles in this process.
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Fare oositlerinde mayoz boliinme sirasinda Abelson tirozin kinaz (c-abl) ile mekik iplikleri arasindaki
in vitro iliski

Ozet: c-Abl geni, hiicre biiylimesi, hiicre dongiisiiniin kontrolii, proniiklear hareketin baglatilmas1 ve aktin sitoskeleton
dinamikleri {izerinde rol oynayan bir nonreseptor tirozin kinazdir. Bu galigmada, fare de oosit aktivasyonu sirasinda c-Abl proteininin
lokalizasyonu in vitro olarak incelenmistir. Konfokal immiinfloresans analizi, c-Abl'in aktivasyon oncesinde kortekste yarim ay
seklinde lokalize olurken aktivasyon sonrasinda mayoz boéliinmeden proniikleus evresine kadar korteksin her iki tarafini sararak yukari
dogru devam ettigi gosterilmistir. Bu sonuglar, c-Abl'nin yumurta hiicresinin kutup cisimciginin olusumu igin gerekli olan asimetrik
boliinmede, mekik ipligi pozisyonlandirilmasinda rol oynayabilecegini ve mikrotiibiil hiicre iskeletini diizenleyebilecegini veya bu

siirecte bazi rollere sahip olabilecegini gostermektedir.

Anahtar sozciikler: c-Abl, mayoz boliinme, mekik ipligi pozisyonlandirilmasi, oosit aktivasyonu.

Introduction

The Abl family of nonreceptor tyrosine kinases have
members, c-Abl (Abelson tyrosine kinase; Abll) and Arg
(Abl-related gene; AbI2). c-Abl gene was first
encountered as an oncogene in the Abelson murine
leukaemia virus (1) and later the human ortholog of c-Abl
was identified as a part of a mutationally activated fusion
oncoprotein Ber-Abll common in human leukemias (3, 8).
c-Abl belongs to Src family and contain N-terminal cap,
myristoylation site, SRC homology 3 (SH3), SH2 and
SH1 (tyrosine kinase) domains. The carboxyl termini
contain nuclear localization and export signals, globular
and filamentous actin binding domain and a DNA-
binding domain (6, 10). Thus, c-Abl is localized at the
plasma membrane, cytoplasm, nucleus and is associated
with actin filaments (11). It has been suggested that c-Abl
has a role in cell growth, epithelial cell-cell adhesion,
polarity, migration, invasion and development of female

and male mouse germ cells (4, 6, 13, 25). Previous studies
showed that c-Abl supports development and has a role on
preimplantation embryo development, implantation and
placentation throughout the pregnancy (21, 28).

In mammalian oocytes, meiotic maturation is a
process in which oocytes undergo two cellular divisions,
and is vital for production of a functional gamete,
successful  fertilization and  subsequent embryo
development (5). During the first meiotic division,
asymmetric cell division occurs and the microtubules form
the spindle in the center of the oocyte. When the spindle
has reached the cell cortex, the metaphase-anaphase
transition is triggered and the first polar body forms and is
released in actin rich cortical domain. While unfertilized
oocytes are arrested in the metaphase Il (MII), spindle is
located parallel to the surface under a cortical domain.
Embryonic development of the mouse is initiated by
fertilization of oocytes by sperm. After fertilization, two
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cortical bumps form in this cortical domain over the two
sets of anaphase chromosomes and the spindle rotates for
cleavage to take place and for the release of the second
polar body (16). Fertilization is followed by mitotic cell
divisions and cleavage divisions to generate blastomers.

In order to understand the role of c-Abl protein
during meiotic division, we examined the localization of
c-Abl by using immunofluorescence  confocal
microscopy. Significantly, we showed for the first time
that c-Abl may play roles on oocyte activation in mouse in
vitro.

Materials and Methods

Animals and collection of oocytes: The studies
included in this project were performed at the University
of Hawaii. The protocol for animal handling and use was
reviewed and approved by the Institutional Animal Care
and Use Committee of the University of Hawaii on July
19, 2012 with a protocol number of 05-029-8. B6D2F1
(C57BL/6 females x DBA/2 males; National Cancer
Institute) female mice were used in this study. B6D2F1
females of 6-8 weeks of age were superovulated by
intraperitoneal injections of 5 IU of equine chorionic
gonadotropin (pregnant mares serum gonadotropin —
PMSG) and human chorionic gonadotropin (hCG). The
superovulated mice were sacrificed 15 hours after the hCG
injection to dissect the oviducts. After the dissection of the
oviducts, the oviductal ampulae were broken to release the
cumulus-oocyte complexes in FHM HEPES-buffered
medium (Millipore). Oocytes were freed from cumulus
cells by exposure to 0.5% hyaluronidase (Sigma) in FHM
HEPES-buffered medium. Then unfertilized, MII oocytes
were cultured in KSOM-AA medium (Millipore) overlaid
with mineral oil at 37°C in a 5% CO? incubator for the
experiments (22).

Activation of oocytes by parthenogenesis: MII
oocytes freed from cumulus cells were incubated in
activating medium prepared with strontium chloride
(SrCly) (0.5M) and ethylene glycol-bis (B-aminoethyl
ether)-N,N’-tetraacetic acid (EGTA; Sigma) (0.5M)
diluted in KSOM-AA medium under mineral oil in a 5%
CO? incubator at 37°C (15).

Fixation and immunofluorescent staining: MIl and
artificially activated oocytes were fixed with 4%
paraformaldehyde solution in phosphate-buffered saline
for 20-30 minutes at various times after treating embryos
with 0.5 % Pronase (Roche) in FHM for 10 minutes to
remove the zona-pellucida. Randomly chosen oocytes
fixed at MII oocyte (n=18) stage and the others fixed after
(1h, 2h, 3h, 6h) activating the oocytes (n=16/per each) by
strontium chloride. Oocytes were washed in PBS
containing 0.1% Tween-20 (PBSw) and permeabilized
with 0.5% Triton X-100 in PBS for 15 min at 25°C. After
blocking with 5% bovine serum albumin in PBSw

(blocking solution), samples were incubated overnight
with primary antibody at 4°C and following day oocytes
were incubated in secondary antibody for 2-3 hours at
25°C. The primary antibodies used were, rabbit anti-c-Abl
(c-19) (1:400; Santa Cruz Biotechnology), mouse anti-p-
tubulin  (1:10000; Invitrogen). Secondary antibodies
(1:1000; Life Technologies) used were conjugated with
Alexa Fluor 488 (Green), namely goat anti-mouse, and
conjugated with Alexa Fluor 546, namely goat anti-rabbit.
Additionally, we did not find any non-specific Ab binding
by processing samples as described above in the absence
of primary antibody. Stained samples were mounted on a
glass slide with ProLong Gold antifade reagent containing
4’,6’-diamidino-2-phenylindole (DAPI; Life
Technologies) (20).

Microscopy and image analysis: Oocytes from the
same experiment were imaged in the same session using a
FV1000 confocal laser scanning microscope. For confocal
microscopy, serial optical sections were imaged at 1-2 pm
intervals under a 40x objective lens with oil.

Results

Expression and distribution of c-Abl proteins during
oocyte activation: In order to determine whether the c-Abl
protein is expressed during oocyte activation and the
relationships between c-Abl and spindle, we artificially
activated zona pellucida-free oocytes by using strontium
chloride that induces parthenogenetic activation of
oocytes. We also viewed the distribution of c-Abl protein
and the spindle by immunostaining with an anti-c-Abl and
anti B-tubulin antibody using confocal microscopy. We
observed that c-Abl was localized in the cytoplasm and
cell periphery but enriched in the cell cortex at MII
arrested oocytes and throughout the activation. In the MlI
arrested oocytes that were collected at Ohr, the c-Abl
protein was enriched at the cell cortex while it was absent
above the area where the spindle apparatus positioned. We
observed, during MII arrest, that the metaphase spindle
was located parallel to the surface under a cortical domain,
and was positively stained with c-Abl protein (Figure 1A).
We also detected that c-Abl protein was localized at the
spindle at 1hr-2hr-3hr after activation (Figure 1B,1C, 1D).

After activation (1hr), two cortical bumps started to
form this cortical domain over the two sets of anaphase
chromosomes where the c-Abl staining was absent (Figure
1B). In addition to that, distribution results indicate there
was no difference in c-Abl localization comparing 0 hr and
1hr (Figure 1B). While the oocyte (2-3hr) triggers a 90°
spindle rotation and the second polar body was extruded,
c-Abl proteins also started to localize at the cortex that is
adjacent to the spindle (the side where c-Abl was absent
in Ohr group) (Figure 1C,1D). 6hr after the activation c-
Abl enriched at all around the cortex of the egg (Figure E).



Ankara Univ Vet Fak Derg, 66, 2019 91

DAPI B-tubulin c-Abl Merged

2h
C
3h
D
7
6h
E
7

Figure 1. Distribution of c-Abl protein at MIl and activated oocytes under a confocal microscopy. Zona-free oocytes were artificially
activated in vitro and samples were fixed at different times during activation to view different stages of division. Samples presented
were fixed at 0 hr (A), 1hr (B), 2hr (C), 3hr (D) and 6hr (E) before and after the activation procedure. (A) At 0 hr (M1 arrested oocytes)
c-Abl protein was enriched in the egg cortex as a crescent shape (arrow), it was absent above the area where the spindle apparatus
positioned (white arrowhead) and spindle apparatus was positively stained with c-Abl protein (yellow arrowhead). (B) At 1hr,
localization of the c-Abl protein was like MII arrested oocytes (arrow). Metaphase spindle was stained with c-Abl protein (yellow
arrowhead). (C) At 2h and (D) At 3hr, the secondary polar body was extruded (arrowhead) and c-Abl protein started to localize at the
cortex that adjacent to the spindle (arrow). (D) 6hr after the activation c-Abl enriched at all around the cortex of the egg (arrow).
Confocal images of the samples was stained with c-Abl (red), B-tubulin (showing spindle) (green), chromatin and pronucleus were
stained with DAPI (blue). Scale bar represents 20um. c-Abl: Abelson tyrosine kinase; MII: Metaphase 1I; DAPI: 4°,6’-Diamidino-2-
phenylindole.

Sekil 1: MII ve aktive olmus oositler de c-Abl proteinin konfokal mikroskop altinda dagilimi. Zona igermeyen oositler yapay olarak in
vitro kosullarda aktive edildi ve 6rnekler aktivasyon sirasinda farkli zamanlarda farkli boliinme evrelerini gozlemlemek igin tespit
edildi. Tespit edilen 6rnekler aktivasyon 6ncesinde ve sonrasinda 0 sa (A), 1sa (B), 2sa (C), 3sa (D) ve 6sa (E) seklinde gosterildi. (A)
0. saatte (MI1 bekleyen oositler) c-Abl proteinin yumurta korteksinde yarim ay seklinde yogunlasmigtir (ok), mekik ipliginin yer aldig
alanin iistiinde yer almamaktadir (beyaz ok ucu) ve mekik ipligi c-Abl proteini ile pozitif olarak boyanmistir (sar1 ok ucu). (B) 1.saatte
c-Abl proteinin lokalizasyonu MII’de bekleyen oositlerde oldugu gibidir (ok). Metafaz ipligi c-Abl proteini ile boyanmustir (sar1 ok
ucu). (C) 2. saatte ve (D) 3. saatte ikinci kutup cisimciginin ¢iktigi (ok ucu) ve c-Abl proteinin mekik ipliginin bitisiginde bulunan
korteks kisimlarinda da lokalize olmaya baslamisti (ok). (D) Aktivasyondan 6 saat sonra c-Abl tiim yumurta korteksi boyunca
yogunlagmustir. c-Abl (kirmuzi), B-tubulin (mekik ipligini gosteren) (yesil), kromatin ve proniikleus DAPI (mavi) ile boyanan
drneklerin konfokal gériintiileri. Olgiim bar1 20um’yi gdstermektedir. c-Abl: Abelson tirozin kinaz; MII: Metefaz II; DAPI: 4°,6’-
Diamidino-2-phenylindole.
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Together, these data demonstrate that c-Abl
originates at the cortex with a crescent shape before the
activation and continues up along both sides of the cortex
after activation during meiotic division until pronuclear
stage. This finding suggests that c-Abl may play role in
“asymmetric division of the egg to produce polar body”.
We also observed c-Abl staining on the spindle during
meiotic division, suggesting that c-Abl may regulate the
microtubule cytoskeleton or have some roles in this
process.

Discussion and Conclusion

The current study showed that c-Abl is expressed
during the egg activation in mouse. We also analyzed the
distribution of c-Abl and showed the relationship between
c-Abl tyrosine kinase and spindle during meiotic division
which c-Abl protein is considered to be important. We did
observe an asymmetric distribution at MII arrested
oocytes.

Based on the literature, the c-Abl expression and
localization during preimplantation embryo development
demonstrated that c-Abl may have a role in embryo
development (2, 21). In our previous study, we showed the
localization of c-Abl and suggested a role in trofectoderm
formation and differentiation that is essential for
implantation and placentation (21). c-Abl knock-out mice
exhibit neonatal lethality, lymphopenia (23) and reduced
fertility (14).

Dynamic organization of the oocyte cytoskeleton
during meiotic division is important. Defects in the
cytoskeleton organization during divisions can cause
chromosome segregation errors (5). Previous studies
showed that c-Abl protein was associated with
cytoskeletal components (18). The c-Abl kinase is
activated by physiological signals that regulate the actin
cytoskeleton (27). Walker et al., demonstrated that Abl
kinase is related with the cortical cytoskeleton of the
fertilized egg (24). It has also been reported that Abl
kinases and their distribution to cytoskeletal structures
suggest that they have associated functions in cytoskeletal
regulation (12). This study demonstrated that c-Abl is
localized in the cytoplasm and cell periphery but is
enriched in the cell cortex; suggesting that c-Abl may be
associated with the cortical cytoskeleton in mouse.

Moore and Kinsey (1995) suggested that c-Abl is
activated following fertilization and may play roles in the
later events of egg activation. The group also indicated
that c-Abl may be effective on the initiation of pronuclear
movement and entry into the S phase of the cell cycle (19).
We did observe an asymmetric distribution at MI1 arrested
oocytes like we detected in our previous study (21). Before
the egg activation c-Abl is distributed in the cortex, but is
absent on the side where the spindle apparatus is placed

and c-Abl starts to localize all around the egg cortex as
activation progresses (2hr-3hr-6hr).

Our results suggest the possibility that c-Abl may
also control or play role in the setting up of the asymmetric
division during meiosis. It has been known that loss of
asymmetry in the meiotic division and disorganization of
the oocyte cytoskeleton are characteristic of ageing or low
quality gametes (7, 26). Matsumura et al. (2012) indicated
that c-Abl is a regulator of spindle orientation in mouse
epidermis and epithelial cells. In addition, loss of c-Abl
induces spindle misorientation (17). Spindle orientation is
important for asymmetric cell division (9) and spindle
microtubules and actin microfilaments control the
asymmetry of the meiotic divisions (5). We demonstrated
the relationship between c-Abl and spindle by
immunofluorescent staining suggesting the possible roles
of c-Abl in positioning of the spindle and polar body
formation and orientation. Based on our data, we also
suggest that c-Abl may regulate the microtubule
cytoskeleton or have some roles in this process.

In this study our results indicated that c-Abl might
have roles in setting up of the asymmetric division,
positioning of the spindle, polar body formation and
orientation during meiosis.
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