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Assessment of Mouse Oocytes Ultrastructure Following
Vitrification Before and After in vitro Maturation
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SUMMARY: Vitrification is a physical process in which the concentrated cryoprotectant solution after exposure to extreme cold
without ice crystal formation in living cells to be converted glassing state. In this study, maturation rate and ultrastmnctuse
oocytes followed by vitrification before or after in-virto maturation (IVM) were evaluated. A total of 373 germinal vesjtés aoere
obtained from ovaries and divided into three fresh IVM, IVM vitrified, vitrified IVM groups. Ten metaphase Il oocytes wiredobta
from uterine tubes and considered as the control group. Oocytes in vitrified groups were vitrified by Cryotop usingovitrifeditim
and kept in liquid nitrogen. The maturation media was a-MEM supplemented with rFSH + hCG. After 24-48 h of incubatiortethe oocy
were investigated for nuclear maturation and ultrastructural changes using transmission electron microscopy (TEM). Thauoaiiyte m
rate in vIVM group was significantly lower than IVMv group, when the two groups were compared with vIVM had the highest maturit
The evaluation ultrastructure of the four groups showed that the number of cortical granules, microvilli and mitochondigae§ &R =
in vIVM group were lowest and the highest amongst the number of vacuoles. Zona pellucida was darker than the contrelgroup in t
freeze groups vIVM and IVMv. Most similar groups to the control group were group vIVM, Group IVMv and ultimately vIVM group,
respectively. According to the results, IVM procedure is more efficient when it is performed before oocyte vitrification.

KEY WORDS.: Vitrification; Fertility preservation; Cryopreservation; In Vitro Maturation; Ultrastructure.

INTRODUCTION

It has been estimated that 9-14 % of infertile coupléaability to obtain sperm on fertilization day, as well as for
faced with the problem of infertility in the developedwomen who have to do chemotherapy or radiation therapy
countries and infertility is considered as a public health issésr cancer (Gardnest al, 2007; Gook & Edgar, 2007).
(Walschaertset al., 2012). In recent years, fertility
preservation in infertile women has been introduced as an  Qocyte cryopreservation is a reasonable alternative
important component assisted reproductive technologg moral and religious problems that exist for
(Tuckeret al, 1998). Natural declines to fertility capability cryopreservation of embryos, and undoubtedly helped to for
intensify following gonadotoxic treatments for cancer anteproductive technology. However, unlike the embryo,
other non-cancerous diseases (Eliatral., 2008). mature oocyte freezing is difficult, due to the differences in
Cryopreservation of oocyte can be helpful in fertilityoocyte and embryo permeability membrane, the presence
preservation and development of assisted reproductigéthe mitotic spindle forms, and eventually physiological
technology (Chen, 1986; van Ueet al., 1987). This conditions for oocyte (Paynter, 2000). In recent years, studies
technique may be an important alternative for fertilithave shown that vitrification reduces cryodamage compared
preservation in women that need to postpone the use of theilother cryopreservation technologies (Cebal, 2008;
gametes with various reasons such as having unsucceskfomburget al, 2009). Vitrification is a physical process
IVF, ovarian hyper stimulation syndrome (OHSS), omvolving rapid freezing with a low volume of a concentrated
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solution cryoprotectant (antifreeze) without forming icéval, USA) (Nazmarat al) or a-MEM medium (Gibco)
crystals (Campos-Chilloet al, 2009). Vitrification leads (Oryan Abkenaet al, 2014). Antral follicles were punctured

to a significant decrease in the rate of oocyte degeneratiagsing needles to release the GV oocytes. Cumulus cells were
(Flawset al, 2001). mechanically removed.

One of the main problems of mature oocytes (MIl{Docyte of MIl stage oocyte:To obtain MIl oocytes, adult
freezing is meiotic spindles sensitivity to low temperatureemale mice ovaries were superovulated by IP injection of
and cryoprotectants. This problem can be solved by immatur@ IlU PMSG followed with another injection of 10 IU human
oocyte cryopreservation at GV stage in which chromosomelorionic gonadotrophin (hCG, Sereno, Switzerland) 48 h
remain inside the nuclear membrane and the mitotic spindlager. The mice were killed by cervical dislocation 12-16 h
have not formed (Bonduelkt al., 1999). Cryopreservation after hCG injection and their uterine tubes were removed.
of immature oocyte may be useful during assistetihe Cumulus-Oocyte-Complex (COC) was released with a
reproductive techniques (ART) in combination with in vitraneedle from the ampullary region of each uterine tube then
maturation (IVM) (De Vogt al, 1999; Ben-Amet al, 2011; they were exposed to 0.01 % hyaluronidase for 1 min to
Hreinsson & Fridstrom, 2004). IVM performance beforallow cumulus cells to separate from the oocytes. Denuded
freezing may lead to more sensitivity of oocytes, due Wil oocytes were washed several times in global total or a-
freezing associated damages and additional stress on MieM medium. The collected GV and MIl oocytes were
oocyte. So, it is more logical to perform IVM afterconsidered as vitrified and nonvitrified ones. GV stage
cryopreservation of immature oocyte (\Wal, 2001; Cao oocytes were divided into three groups and two groups were
et al, 2009). Up to now, information on freezing immaturevitrified (Nazmaraet al.).
oocyte is limited, due to poor results and this can be either
due to direct damage of cryopreservation process on oocyii¢rification and warming. Oocytes were vitrified via
or the lack of compatibility with guidelines of in vitro cryotop method. The equilibration solution (ES) including
maturation (Totlet al, 1994). Recently, it has been showrv.5 % (v/v) dimethyl sulphoxide (DMSO) and 7.5 % ethylene
that there is no difference between the survival rate of frozgiycol (EG) in Ham's F10 containing 20 % human serum
oocyte and vitrification method in GV step and Mll.albumin (HSA) was used. The vitrification solution (VS)
However, maturation ability of vitrified immature oocyteswas consisted by 15 % (v/v), DMSO, 15 % EG and 0.5 M
will be reduced (Caet al). sucrose in Ham's F10 containing 20 % HSA. Three/five

oocytes were equilibrated in ES for 10 min and then

Vitrification method is associated with ultrastructuratransferred to VS for 45-60 s. Finally, the oocytes were
alterations in specific areas of oocyte which is probablpaded on to the strip end of cryotop with a small volume of
related to the decrease of vitrified oocytes competence 18 (<0.1 ml) and immersed in liquid nitrogen (LN) at least
Maturity (Wu et al, 2006). The aim of this study was tofor 24 h.
compare the effect of vitrification on the ultrastructure of
mice immature oocyte before and after in vitro maturation. For warming, the cap of strip was removed and then

the strip of cryotop was directly placed into 1 M sucrose at
37 °C for 1 min. Next, it was consecutively transferred to
MATERIAL AND METHOD 0.5 M sucrose for 3 min and 0.25 M sucrose for 3 min and
subsequently washed in Ham's F10. After this process, GV
oocytes were placed into in vitro maturation media and Ml
Animals. In this study, 60 Adult female (6-8 weeks old)in culture media, respectively.
NMRI mice were kept under a cycle of 12 h light: 12 h dark
at 22-24°C and 40-50 % humidity and were fed with foodn vitro maturation (IVM). Oocytes were cultured in 20

and water available (Nazmagaal., 2014). ml droplet of global or media supplemented daily with 75
mlU/ml rFSH (Sereno, Switzerland) and 10 IU/ml hCG
Preparation of GV and MIl oocytes. under mineral oil at 37C in 5 % CQin air for 24 h. The

extrusion of the first polar, the appearance of the first
Oocytes of GV stageAdult female mice ovaries were Plarbady was the maturity criterion of GV stage oocytes
superovulated by intraperitoneal injection (IP) of 10 IUNazmareet al).
pregnant mare serum gonadotrophin (PMSG, Folligon;
Intervet, Australia). To obtain GV oocytes, females wer&ransmission electron microscopy (TEM)Ultrastructure
sacrificed by cervical dislocation 48 h after PMSG injectioarchitecture of oocytes was evaluated using TEM. In this
and dissected ovaries were placed in global total (Life Glaray, 10 isolated oocytes from each group were selected. At
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least five oocytes from each group were fixed in 2.5 %hat the percentage of GV arrest in the fourth group was
glutaraldehyde in 0.1 M phosphate buffer (pH: 7.4) for 1h &igher than the third group and the percentage of Ml arrest
4 °C, and washed in the same buffer for 10 min. Oocytasthe third group higher than the fourth group. Comparing
were then post-fixed in 1 % osmium tetroxide, washed ihe effects of vitrification on the maturation of oocytes in
phosphate buffer and dehydrated in ascending concentratitims vIVM and IVMv groups and their appearance indicated
of ethanol followed by propylene oxide. The oocytes werthat vitrification caused further reduction in MR of GV
embedded in Araldite resin (Merck, Germany), sectioned abcyte and normal MIl oocytes in vIVM group in
a thickness of 50 nm, stained with alcoholic uranyl acetatemparison with IVMv group. Therefore, it was concluded
(7 min) and aqueous lead citrate (13 min) and investigatethturation of oocytes before vitrification may have better
with a TEM-900 electron microscope (Valojerdi & Salehniaresults.
2005).
Ultrastructural architecture with transmission electron
Statistical analysis Statistical analysis was performed usingnicroscopy (TEM).
the SPSS software (version 20). Differences in oocyte
maturational stages and their morphology between the groups  In this section the effect of vitrification on the
were calculated and compared using Chi-square test. P-vallieastructure of oocytes in third (IVMv) and fourth (vIVM)
< 0.05 was considered statistically significant. groups were evaluated and compared with the second
(vIVM) and control groups.

RESULTS Assessment of MIl oocytes ultrastructure (first group).
Membrane structure was continuous and coherent and the
zona pellucida (ZP) of control MIl oocytes composed of

In this study, we used 243 immature GV oocytes arglectron dense fibrillar material and completely surrounds

10 Ml oocyte obtained from 60 adult female MNRI micethe oocyte. The perivitelline was observed between zoona

Oocytes were divided into four groups. The first groupellucida and oolemma (Fig. 2a). Continuous oolemma had

consisted of 10 mature oocytes that were used as contmaimerous microvilli uniformly drawn to PVC (Fig. 2a).

group. The second group included 10 GV oocytes whidficrovilli in this group was longer and numerous than other
after retrieval were directly undergone the in vitrgroups with the lower number of vacuoles. Round cortical
maturation. The third group included 113 GV oocytes tharanules with an electron dense and round appearance
had initially undergone IVM oocytes and then were vitrifiedarranged as a layer beneath the plasma membrane with most
thawed. The fourth group included 120 GV oocytes that wedensity between groups (Fig. 3a). Mitochondria are spherical
first vitrified and then used for IVM. Given that this studyor oval shape mitochondria were scattered both individually
consisted of two parts; IVM and ultrastructure study and ttend in groups all over the cytoplasm (Figs. 2a, 4a).
results of each part were examined separately. Additionally, it had highest aggregates of mitochondria -
smooth endoplasmic reticulum (M-SER aggregates) (Fig.

In vitro maturation (IVM) effects. In this part oocytes 4a). The majority of cytoplasmic organelles were related to

maturation results were compared in the third (IVMv) andmooth and rough endoplasmic reticulum which indicated

fourth (vIVM) groups respectively in terms of the cytoplasmthe cytoplasm activities (Fig 5a). Most similar groups to the
zona pellucida and PVS. As Table | and Figure 1 showpntrol group were related to the second group (IVM), Group
maturation rate (MR) of third group was higher than thil (IVMv), and the fourth group (vIVM), respectively.

fourth group (67.2 % vs 43.2 %). Percent of MIl oocytes

with cytoplasm, the zona pellucida and normal PVS in thirdssessment of immature GV oocytes ultrastructure after

group was significantly higher than the fourth group (49.8/M (second group). Membrane structure was continuous

% vs 34.2 %) (Fig. 1). The percentage of MIl oocytes witand coherent and the zona pellucida (ZP) was clear and

normal cytoplasm and zona pellucida and abnormal P\&ectron dense and completely surrounded the oocyte. The

was 0.0 % and 3.3 % in the third and fourth groupgerivitelline was observed between zona pellucida and
respectively. Also, the percentage of MIl oocytes witlbolemma (Fig. 2b). Continuous oolemma had numerous
abnormal cytoplasm and normal zona pellucida and P\8icrovilli uniformly drawn to PVC (Fig. 2b). Cortical
was in the third and fourth group was (8.8 % vs 5.8 %granules had an electron dense and round appearance which
respectively, the percentage of MIl oocytes with abnormalranged to form a layer beneath the plasma membrane.
cytoplasm and PVS and normal zona pellucida was (8.8 Riitochondria were spherical or oval shape. Mitochondria
vs 0.0 %) in the third and fourth groups respectively (Tablgere scattered both individually and as groups in the

I). The other remaining oocytes arrested at GV and Ml staggtoplasm (Fig. 2b, 4b). The majority of cytoplasmic
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organelles were related to
smooth and rough endoplasmic
reticulum represented the
cytoplasm activities (Fig. 5b).
Compared with control group,
less cortical granules (Fig. 2b)
and reducing M-SER aggregates
(Figs. 2b, 4b) was observed in
this group.

Assessment of
immature GV oocytes
ultrastructure after IVM and
then vitrification (third group).
Membrane structure was
continuous and coherent and
the zona pellucida (ZP)
completely had surrounded the
oocyte and was darker because
of cortical granules
. sedimentation.The perivitelline
C : AP iy was observed between zona
Fig. 3.The cortical granules of control oocyte (a), GV stage oocyte after IVM(b), vitrified-thawB@!lucida and oolemma (Fig.
GV oocyte after IVM(c), Vitrified-thawed GV oocyte before IVM(d), CG = cortical granules, M2C). The cortical granules in
= mitochondria, SER = smooth endoplasmic reticulum, m = membrain,V = vacuole this group were more than
fourth group. Mitochondria
were spherical or oval shape.
Both as a group and
individually mitochondria were
scattered in the cytoplasm.
Mitochondria in this group
were bigger and bulkier than
fourth group (Figs. 2c, 3c, 4c).
The majority of cytoplasmic
organelles were related to
smooth and rough endoplasmic
, reticulum activities which
ssoomn |IB ; 7000QAD) represented the cytoplasm

; : activities (Fig. 5¢). Compared
with control group, less cortical
granules (Fig. 3c¢) and
microvilli, shorter microvilli
(Fig. 2c), more vacuoles (Fig.
3c) and reduced M-SER
aggregates (Figs. 3c, 4c, 5c)
were observed in this group.

IR Assessment of
RS y Al . immature GV  oocytes
C 60000M) B PN QL iR ek il Ultrastructure after vitrification
Fig. 4. Mitochondria and smooth endoplasmic reticulum aggregates of control oocyte (a), &\ then IVM (fourth group).

oocyte after IVM(b), vitrified — thawed GV oocyte after IVM (c), vitrified-thawed GV oocyteMerT_‘brane structure was
before IVM (d), M = mitochondria, SER = smooth endoplasmic reticulum, V = vacuole. continuous and coherent and
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The disadvantage of
cryopreservation of immature
oocytes is this that in vitro
maturation (IVM) should be
required after thawing (Wet
al.). Although, survival rate of
oocyte seems to be improved,
maturation, fertilization and
poor embryonic development
are the main problems
associated with immature
oocyte cryopreservation (Toth
etal). In a study by Huanet
al., conducted on mice
oocytes, the oocytes were
vitrified in MIl stage and
obtained high survival rate
and no increased incidence of
aneuploidy (Huanget al.,
2008).

This study aimed to
- ‘ ' evaluate the effects of
Fig. 5.Aggregation of smooth and rouph endoplasmlc reticulum of control oocyte(a) GV oogyteification on in vitro
after IVM, vitrified-thawed GV oocyte after IVM(C), vitrified-thawed GV oocyte before IVM(d). maturation and ultrastructure
of immature mice GV
oocytes before and after
the zona pellucida (ZP) was darker and thicker because of cortical granules sedimentgtidnBased on the results
and completely had surrounded the oocyte. The perivitelline was observed betweenasamed from morphological
pellucida and oolemma (Fig. 2d). Cortical granules were fewer in this group compargsessment, after in vitro
with the other groups and had more vacuole. Mitochondria were spherical or oval shapeuration, rate of MII
Mitochondria were scattered both as groups and individually in the cytoplasm. Mitochorslbieyte ~ with  normal
in this group were smaller than third group (Figs. 2d, 3d, 4d). The majority of cytoplasapipearance significantly (p
organelles were related to smooth and rough endoplasmic reticulum activities demonsateg) reduced in the fourth
the cytoplasm activities (Fig. 5d). Endoplasmic reticulum density was lower than ofreup (vIVM) compared to
groups. Compared with control group, darker zona pellucida, less cortical granulestt@third group (IVMv) (49.6
microvilli, shorter microvilli (Figs. 2d, 3d), more vacuoles (Figs. 2d, 3d, 4d) and Reducisgvs 34.2 %). Moreover, it
M-SER aggregates (5d) were observed in this group. was demonstrated that the
immature oocytes in ART
cycles should be matured at
DISCUSSION first and then subjected to
vitrification. Abedpour &
Rajaie (2015) evaluated the
In vitrification, the oocytes may be prone to damage by a variety of factors, includifigacts of vitrification on
the toicity of cryoprotectants, cold shock, and incomplete vitrification (allowing some ipgaturation, fertility and
crystal formation) which resulting osmotic stress (Yebal, 2003). Essentially, the maturationdevelopment of mice oocytes
stage of vitrified oocytes may impact the efficiency of the IVM process (Fasaho2010). carried out by cryotop. They
Cryopreservation of oocytes at metaphase | and Il may frequently be accompanied byd@perted that the maturation
versible damage to the spindle which can affect chromosomal organization and alignofenitrified GV oocytes
(Van Blerkom, 1989). Theoretically, due to their microstructure, immature germinal vesielguced compared to the con-
(GV) stage oocytes should be more resistant to the damage caused by cooling and circutrolegitoup (68 % vs 84 %)
and the risk of polyploidy and aneuploidies was lower since the chromatins are diffusedabddpour & Rajaei). In the
surrounded by a nuclear membrane (Coepe, 1998). present study, also, the
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maturation rate in fourth group (vIVM) was lower than thamicrovilli in vIVM group microvilli was similar to the con-
third group (IVMv), but the maturation rate was lower in thigrol group. These results suggest that vitrification induced
group probably due to time of culture and conditions of IVMdamages to the microfilaments. These differences in results
may be due to differences in samples of studying. Other
According to the literature, several factors includingtudies have also reported damages to the fibers of the
media composition, hormonal or growth factorcytoskeleton and microtubules resulting from vitrification
supplementations, the source of oocytes (stimulated verg@iet al, 2007; Nottolaet al, 2014; Spriciget al, 2014).
unstimulated cycles) and retained cumulus cells with oocyte
affect the maturation rate after IVM (Combeksal, 2002). In this study, we revealed that in the cortical granules
In addition, the beneficial impacts of cumulus cells onf vitrified immature oocytes decreased before and after in
maturation of human oocyte have been reported (Kennedyro maturation. This reduction in vIVM group was lower
& Donahue, 1969). The mediums using for maturation dhan IVMv group. The number of granules in both groups
mammalian oocytes significantly affect fertilization andvas lower than vIVM group and in vIVM group was lower
embryo development rates (Fasat@l, 2012). Ca@t al  than control group and closer to the IVMv group. Notéaila
showed that there is no difference between the survival rate (2014) showed that the number of cortical granules of in
of frozen oocyte via vitrification method in GV and MIlvitro matured oocytes was reduced compared to control
steps. However, maturation ability of vitrified immature G\Mgroup. This was similar to our results. In a human study;, it
oocytes may be reduced (50.8 vs 70.4). The results of thias been shown that the freezing process is a leading cause
study showed that vitrification of oocytes after IVMof the cortical granules reduction and emergence of vacuoles
compared to vitrification in GV stage improve the chanceas the cytoplasm of mature and immature oocytes (Ghetler
of success. Their finding confirmed the results of preseat al, 2006). These findings confirm our results. Reducing
study (Cacet al). in the cortical granules and their fusion with plasma
membrane which is accompanied with releasing their
The efficiency of IVM before and after vitrification contents into PVS after IVM has been observed in all frozen
of human immature oocytes was evaluated and showed thavine oocytes (Fuket al, 1995). In this study, we showed
maturation rate of vitrified oocytes after IVM (Group 1, .4@hat zona pellucida of vitrified oocytes was electron dense
%) specifically was higher than the oocytes before IVMnd darker compared to control and vIVM groups. These
(Group 2, 23.8 %). Moreover, the number of fertilized Mlkesults can justify reducing the cortical granules due to early
oocyte was even higher in this group (40 % vs 23.8 %). Tlesocytosis during freezing and thawing.
results of this study showed that IVM is more efficient when
it is performed before oocyte cryopreservation which this Ultrastructural changes observed in the zona pellucida
study confirm our findings (Fasambal). are similar to previous studies (Nott@gal., 2009). In the
current study, the numerous vacuoles were seen in the
Furthermore, maturation and developmentadytoplasm of vitrified oocytes which may be a sign of
retardation of cryopreserved GV oocytes are related to criticgttuctural damages to the oocyte following vitrification. The
disturbances of various cell components, such as tkewergence of vacuoles in human frozen oocytes is a non-
chromosome segregation apparatus, the intracellular Cspecific response to cooling or osmotic stress (Notbla
signaling system, and the cytoskeleton (8bal, 1996).  al., 2009). Numerous vacuoles in the cytoplasm of human
oocytes may be caused by swelling and merging of vesicles
More evaluations were performed with TEM toisolated from smooth endoplasmic reticulum, considered as
evaluate the ultrastructure of oocyte in each group. Accordidggenerative processes. This theory was further strengthened
to the results, it seems that cooling speed and cryoprotectaith observing the combination of vacuoles with lysosomes
itself are effective on the integrity of oocyte ultrastructurand multi-vesicular bodies in the cytoplasm of frozen oocytes
during freezing-thawing (Nottolat al, 2009). A study was (Nottolaet al, 2007; Nottoleet al, 2009). We showed M-
conducted by Shahedit al, to evaluate the effect of SER aggregates decreasing in both frozen groups compared
vitrification on ultrastructure of immature oocytes in flvMto the control and vIVM groups. Nottokt al. (2014),
and vIVM groups. Their results showed that normal oocytesported the reducing M-SER in IVM group compared to
surrounded by an intact and continuous membrariee control group in their study. Their results were similar to
containing long and uniform microvilli (Shahedial, 2013). our results. Some observed changes in the architecture of in
Their results about the integrity of the oocyte membranatro matured oocytes such as reducing the cortical granules
confirmed our findings. However, the number and size @ihd M-SER aggregates may be associated with culture time
microvilli was reduced in the vIVM and IVMv groups and medium conditions (Notto& al, 2014). In a study by
compared to the control group in our study. But, the size 8pricigoet al, the morphology, molecular and functional
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patterns of bovine vitrified oocyte were evaluated at differefttcubacion, fueron observados en los ovocitos la maduracion nu-
times during in vitro maturation. They expressed that witélear y cambios ultraestructurales utilizando microscopia electro-
prolongation of culture time, mitochondrial degeneration raféic@ de transmision (MET). La tasa de maduracion de los ovocitos

increased and cortical granules decreased (Sprétigh). en el grupo vIVM fue significativamente mas baja que en el grupo
The findings of present study were similar to these resul{gMV’ cuando los dos grupos se compararon con los que tenian Ia

Inoth tudi h inth b f mitochondri mayor madurez. La evaluacion de la ultraestructura de los cuatro
nother studies, changes in the number of mitochondria pos mostré6 que el numero de granulos corticales,

their distribution also were observed (Naznetral). ltwas  microvellosidades y acimulos de mitocondrias-SER en el grupo
suggested that ultrastructural changes of M-SER aggregaigav fue el mas bajo y el mas alto entre el nimero de vacuolas.
in vitrified oocytes is probably related to the use of ethylene zona pelucida fue méas oscura en dos grupos de congelacion
glycolin vitrification solutions to damages from the coolingvIVM e IVMv, que en el grupo control. La mayoria de los grupos,
This material may lead to impaired calcium homeostasis afighilares al grupo de control, fueron los grupos vIVM, IVMv y,

reduction in fertilization rate (Nottoket al, 2009). finalmente, el grupo \{IV_M, respectivamentg. De_ e_lcuerdo con los
resultados, el procedimiento de IVM es mas eficiente cuando se

. realiza an la vitrificacion VOCitos.
M-SER aggregates are considered as a precursg‘?1 a antes de la vitrificacion de ovocitos

complex of mitochondria and endoplasmic reticulum PALABRAS CLAVE: Vitrificacion; Preservacion fer-
vesicles. As well, mitochondria and associated cytoplasmi§igad: Criopreservacién; Maduracién  in  vitro;
membranes may be involved to produce materials which ai@raestructura.
necessary for fertilization or quick formation of new
membranes in the early stages of embryogenesis M-SER
aggregates (Mottet al, 2002) also may have essential roleREFERENCES
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