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Organization of cytoskeleton and chromatin isrelated to the timing of the
first zygotic cleavage and early developmental competence.
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Abstract

Timing of the first zygotic cleavage is a reliable predictor of embryo quality. Embryos that
cleave early have higher developmental viability compared to their late counterparts. It is hy-
pothesized that differencesin viability is attributed to cytoskeletal and chromatin organizations.
This study investigated cytoskeletal and chromatin structures, and distributions in early-
cleaving (EC) versus late-cleaving (L C) embryos. Embryos were retrieved from superovulated
ICR mice, 28 hours after hCG injection. Two-cell stage embryos were categorized as EC, while
zygotes with two pronuclel as LC embryos. After overnight culture in M16 medium, embryos
were fixed and immunostained to visualize cytoskeletal and chromatin distributions, and inten-
sities. EC embryos wer e observed to have significantly higher actin and chromatin fluorescence
intensities compared to LC embryos [(14.68 + 14.07) x 10° versus (1.50 + 1.20) x 10° pixels
(p<0.05) and (11.43 + 3.48) x 10° versus (7.98 + 3.08) x 10° pixels (p<0.05)], respectively. There
was no significant difference in tubulin intensity between EC and LC embryos. This suggests
that higher densities of actin and chromatin in EC embryos appreciably contributed to more ef-
ficient cell division and therefore, greater developmental competence.
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| ntroduction cleavers are still not clear. It has been hypo#eesthat it
may be related to cytoskeletal ultrastructure & #&m-
Timing of the first zygotic cleavage is a relialstelicator ~ bryos. This is because the cytoskeleton plays aoftant
for embryo quality [1-3]. It is a better assessmasthod role in organelle transport, cell division, motiliand sig-
compared to traditional morphological grading. Eyaisr  nalling [7].
that cleaved early were proven to be of better iual
compared to their later counterparts. Many aninral a There are three subclasses of cytoskeleton - necrof
clinical studies have shown that early cleaving g Mments including actin, intermediate filaments, anitro-
have not on|y h|gher deve|opmenta| V|ab|||ty angﬁu'r tUbUIeS, inClUding tubulin [7] Actin and tubulirave been
blastocyst formation, but also produced higher pasgy demonstrated to play an important role during embtgav-
and live birth rates [3- 6]. age. Tubulin assists migration of pronuclei dutimg fertili-
zation process [8]. It is involved in mitosis afgia@nmosomal
Although the selection of embryos based on thenginaf  spindle formation and movement of organelles sgamito-
the first zygotic cleavage has now become a comseen chondria [8]. Actin is also involved in many impant cellu-
lection practice in manin vitro fertilization (IVF)labora-  lar processes, such as cell motility, cytokinesis division,
tories, factors that contribute to the superionfyearly  organelle movement, spindle migration, distributdémito-
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chondria [9, 10], polarization of embryos, pronaclapposi-
tion, cell signalling and maintenance of cell shide 12].
Many of these processes are mediated by the ititeraof
actin with cell membranes.

Data on the distribution patterns and intensitiegaatin,
tubulin and nuclear chromatin during early stagesm-
bryo development is scarcenderstanding the distribu-
tion patterns and intensity of those structures$ pvidvide
important knowledge of their contribution and asstian
with the viability of early and late cleaving embsy

Material and Methods

Source of embryos

All procedures involving animals were approved hyi-A
mal Care and Use Committee (ACUC), UiTM (ACUC-
7/11). Embryos were obtained from female ICR mice
aged 6 — 8 weeks. Mice were superovulated by iatrap
toneal (i.p.) injection of 5 IU of Pregnant Marer@a
Gonadotrophin (PMSG; Folligon, Intervet), followd@®

hours later by 5 IU Human Chorionic Gonadotrophin

(i.p.) (hCG; Chorulon, Intervet). The females weubse-
guently mated with male mice of the same strairg, &i-
tio of 1:1. The females were checked for the preserf a
vaginal plug the morning after mating. After 28 hoof
hCG administration, the oviducts of the pregnaniéie
mice were excised and embryos were flushed out\t#o

Embryo fixation and immunofluorescent staining

Embryos were fixed in 4% paraformaldehyde afC37
until further processing (for a maximum of threeek).
Following fixation, the embryos were washed in PBS

10 min, to reduce free aldehydes and to block non-
specific reactions. Embryos were further proceseed
immunostaining, through serial incubations in dye.

Nuclear staining was performed by incubation with 4
6’-diamino-2-phenylindole  dihydrochloride  (DAPI)
(Molecular Probes, Life Technologies, USA: D3574) f
30 min before being permeabilized with 1% Trftox-
100 (Sigma, USA: X100) in Phosphate Buffer Saline
(PBS) (Si%ma, USAP4417). After 10 min incubation in
1% Triton® X-100, actin structures were labelled with
Alexa Fluor 635 Phalloidin (Molecular Probes, Life
Technologies, USA: A34054) while tubulin structures
vere labelled with Monoclonal andi-Tubulin conjugate
with FITC (Sigma, USA: F2168) for 1 hour. The em-
bryos were then washed twice with PBS for 10 mid an
counterstained with DAPI for 30 min. Finally, the-|
belled samples were mounted on a glass microscope
slide in a droplet of antifade medium (Pro Long &ol
Antifading Agent) (Molecular Probes, Life Technolo-
gies, USA: P36934) to retard photobleaching. Alhsa
ples were stored in the dark dC4prior to processing
and imaging.

medium (Sigma, USA: M7167). The embryos were obgjiqes were viewed under the Confocal Laser Scannin

served under an inverted microscope (Leica DMIRB
Germany). One-cell embryos with 2 pronuclei and em
bryos at the 2-cell stage were considered fertllize

Timing of thefirst zygotic cleavage

Embryos were divided into two groups; early-clegvand
late-cleaving embryos according to the timing dirttirst
zygotic cleavage. Embryos at the 2-cell stage at 20
hours post hCG administration were categorized aaly e
cleaving (EC) embryos, whereas zygotes with tlesgurce
of the second polar body and two pronuclei weregeal/-
zed as late cleaving (LC) embryos. The embryos weke
tured overnight in a CQOincubator in 50 ul drops of M16
culture medium (Sigma, USA: M7292) with 3% Bovine
Serum Albumin (BSA) (Sigma, USA: A9418). Droplets
were overlaid with mineral oil (Sigma, USA: M8410).

Experimental Design

A total of 50 EC embryos and 50 LC embryos weredix
at 48 hours post-hCG to study the distributions deki-
ties of the actin, tubulin and chromatin at theeRl-stage.
Following immunolabeling with monoclonal arati-
tubulin, Alexa Fluor and DAPI to identify tubulimctin

Microscope (CLSM) (Leic& CS SP5 AOBS, Germany),
and the images taken were converted to JPEG format.
Four laser sources from Diode 405nm, Argon 488nm,
HeNe 633nm and HeNe 543nm were used to simultane-
ously excite the fluorescent signals from DAPI, ¥&e
Fluor 635 and anti-Tubulin. Thresholds settings for in-
tensity and saturation were maintained constamsacall
experimental groups. The actin, tubulin and chramat
intensities in each confocal image of EC embryas [0
embryos were calculated using the QWin Software.

Statistical analysis

Statistical analysis was performed using the SRSE s
ware for Windows version 19.0.1 (Statistical Paekéay
Social Sciences, Inc., USA). Assessment of aatioulin
and chromatin distributions was based on the iitien$
fluorescent probes after immunofluorescence stginin
Independent T-test was performed to analyze diffeze
in intensities among EC and LC embryos. P valuless
than 0.05 was considered statistically significant.

Results

and nuclear chromatin respectively, embryos weerex A total of 100 embryos at the 2-cell stage (50 BEG e
ined under the Confocal Laser Scanning Microscoperyos; 50 LC embryos) were stained by immunofluo-
(CLSM) (LeicaTCS SP5 AOBS, Germany). The intensi-resence staining for cytoskeleton study. The eosbry
ties and distribution of the cytoskeletal composeamtd were analyzed for distributions and fluorescendenisi-
nuclear chromatin were recorded. ties of actin, tubulin and nuclear chromatin us@gnfo-
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cal Laser Scanning Microscope (CLSM). The confocabf fluorescence in confocal images. Table 1 shdwes t
images of embryos were analyzed by using QWin Softluorescence intensities of actin, tubulin and ohatn of
ware V3. EC and LC embryos. Analysis by QWin Software versio
3 showed that EC embryos had significantly higheina
Figures 1 (A) and (B) show actin distributions i@ Bnd  fluorescence intensity [(14.68 #4.07) x 16 pixel] com-
LC embryos. The fluorescence images showed that actpared to LC embryos [(1.50 %.20) x 16 pixel] (p<0.05)
of EC and LC embryos were mostly located at therpla  (Figure 4).
cell membrane. Generally, actin of EC embryos were
concentrated at the intercellular space. Actin 6f ém-  Figure 5 shows that the meanSP of tubulin fluores-
bryos were seen to have a relatively weak cytoglasmcence intensity in EC and LC embryos were (108.96 +
background. Figures 2 (A) and (B) show tubulinritist  25.30) x 16 pixel and (115.89 82.54) x 16 pixel re-
tions in EC and LC embryos. Tubulin of EC as welL&  spectively (Figure 5). Tubulin intensities of E@dalL.C
embryos were homogenously distributed in the cg®pl embryos were not significantly different.
mic region of blastomeres. The cytoplasm of EC b@d
embryos were strongly stained with amfiubulin (green-  Analysis of nuclear chromatin intensity showed tB&t
stain). Figures 3 (A) and (B) show nuclear chromdis- embryos had significantly higher mean nuclear isitgn
tributions in EC and LC embryos. Apart from visodl-  [(11.43 + 3.48) X 106 pixel] compared to LC embryos
servations, this study also compared the integtahsity  [(7.98 +3.08) x 16 pixel] (Figure 6).

Table 1. Meanfluorescent intensities of actin, tubulin and nuslé 2-cell EC and LC embryos (expressed as mé&in)+

Structure No. of embryos Mean of fluorescent intensity $D (x 10 pixel) P value
EC embryos LC embryos

Actin 50 14.68* +14.07 1.50 #.20 0.000

Tubulin 50 108.96 25.30 115.89 82.54 0.290

Nucleus 50 11.43* 8.48 7.98 43.08 0.000

p< 0.05 versus LC embryo

Figure 1. (1A) EC embryo (2-cell stage) and (1B) LC embRzdll stage) stained with antibody to actin (Alexa
Fluor 635-red). Actin of EC and LC embryos were thlgdscated at the plasma cell membrane. Generaltyin of
EC embryos were concentrated at the intercellufgace, while actin of LC embryos had a relative wegoplas-
mic background.
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Figure 2: (2A) EC embryo (2-cell stage) and (2B) LC emh{@eell stage) stained with antibody to tubulin t{a
Tubulin - green). The distributions of tubulin iICEmMbryos were similar to LC embryos. They wertiliged ho-
mogenously in the cytoplasmic region of blastomeBemfocal images show that the cytoplasm of theaB€ LC

embryos were strongly stained with astiubulin (green stain).

Figure 3: (3A) EC embryo (2-cell stage) and (3B) LC embfgeell stage) stained with antibody to chromatin
(DAPI - blue). Nuclei of EC and LC embryos weret@dly located, with no fragmentation detected.
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Figure 6. Comparison of Nuclear Fluorescence Intensity insS@.C Embryos (Meanz SD)
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Discussion

correlation between actin quality with embryo vidpi
Embryos which had typical actin content and distign

Recent studies in Assisted Reproduction Technologynderwent normal cell division. The present stuaygests

(ART) focused on the selection of the best quaitybryo
to improve the success of live birth from singlebeyo
transfers (SETs). Many studies showed that emhwnish
cleaved early are of better quality compared tir tager
counterparts [3 - 6]. However, factors contributiogthis
difference are still not clear. This study examitlee cy-
toskeletal organization and chromatin configuratiohEC
and LC mouse embryos at the 2-cell stage. The hdsda
tion of cytoskeletal morphology and quantificatiohvis-
ual data would provide greater understanding ofdiffer-
ences controlling development competency in EC latd
embryos.

Results from the present study showed that acti#EGoand
LC embryos were mostly located at the plasma meamabra
This is in accordance with results from a previstugly on

that higher intensities of actin in EC embryos weoere-
lated to better actin quality, thus resulting irpnoved de-
velopment competence over LC embryos.

Another component of the cytoskeleton which plags a
important role in the development of preimplantatem-
bryos is tubulin. Tubulin is involved in the regtida of
cell shape and organization during compaction [The
present study found that tubulin of EC and LC erabry
were distributed homogenously in the cytoplasmgiare
of blastomeres. In congruence, previous studiemouse
embryos also found that tubulin were distributedhbge-
neously in the cytoplasm in non-blocked embryoshat
two-cell stage [14]. However, in embryos exhibititige
two-cell block, thicker fibrous microtubules wererrhed
and distributed as rude meshwork structures incttie-

mouse embryos, which found that actin was located b plasm. The distribution of tubulin in the cytoplasmegion

neath the cell membrane and was accentuated atténe
cellular contact areas [13]. In the present sty em-
bryos had their actin concentrated at the perieglspace.
A study by Matsumotet al.[14] examined the distribution
of actin in non-blocked and blocked 2-cell stageeam-
bryos. The authors found that actin was distribatgjdcent
to nuclei and along the inside of the plasma mengbia
non-blocked embryos at the two-cell stage. In ewtbry
blocked at the two-cell stage, however, actin farmgean-
ules and dispersed in the cytoplasm.

The distribution of actin is related to its functim provid-
ing support and structure to the plasma membrapartA
from that, actin is also known to functionally irgtet with
integrin proteins in the plasma membrane. Actiegnin
protein interactions are important for maintainiogll
growth, survival [7] and intracellular organellgganisation
[15].

Quantitative analyses of confocal images from tresgnt
study showed that EC embryos had significantly déigh
actin intensities compared to LC embryos. Increasxih
provides benefits to the EC embryos in maintainietj
growth and survivability until the blastocyst stagene
differences in actin abundance, which was refledigd
greater intensities, could provide the explanasisrio why

is related to their function in a variety of cedluprocesses
such as cell motility, cell division, intracellul&ransport
and organelle distribution maintenance [19, 20thin pre-
sent study, tubulin intensity was higher than aciipossi-
ble reason is that tubulin are more rigid and hiavger
diameters (25 nm) compared to actin (5 to 9 nm).

The main function of the nucleus is to control gerpres-
sion and mediate the replication of DNA during tredl
cycle. Bavisteret al. [21] stated that the ultrastructural
study of embryo through fluorescence staining mgiot
vide a better understanding of the energetic anthmhjc
relationships between the nucleus and mitochondiie.
fluorescence intensity of nucleus in confocal insatgedi-
rectly proportional to the amount of DNA preserteTpre-
sent study showed that nuclear chromatin intertitizC
embryos was significantly higher than LC embryos
(p<0.05). This finding implies increased DNA replion
in the nucleus of EC embryos. In tandem with thoigr
previous study also showed that nuclear intensityeiased
as the number of the cells increased [22]. Althoughy et
al. [17] found that most arrested embryos displayedeanc
abnormalities such as chromatin condensation aagl fr
mentation, results from the present study showat rib-
clei morphology were normal in both EC and LC ernbry
with no fragmentation observed.

EC embryos have higher viability compared to LC em-

bryos [3 - 6]. In a study on equine embryos, Tretakt
al. [16] noted that cell cleavages during early embigon

Conclusion

development were accompanied by complex arrangemerit can be concluded that the event of first zygol@avage

of the cytoskeleton. Failure in the series of irdégd cy-
toskeleton-mediated events resulted in developrhamnta

are highly dependent upon the organization of aatid
tubulin. Higher densities of actin and chromatirEi@ em-

rest. Levyet al.[17] also found that human embryos whichbryos suggest improved functionality of these $tmgs,

were arrested early in their development showeid att
normalities. Another study by Zijlstret al. [18] found a
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which appeared to result in more efficient cellislan and
therefore greater developmental competence.
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