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ABSTRACT

The control of the cell cycle s regulated by a cascade of coordmated events that can act
by influencing the expression or repression of the activity of proteins refated o meiosis
resumption. Studies have indicated that the activity of these protemns i= tme-dependent
in the i vitre maturation process (VM) This work aimed to evaluate the kinetics of the
p24** kinase activity during IVM of camine oocytes, Ovaries were obtained from 40
bitches submitted to elective ovary-salpingo-hysterectomy (OSH). After OSH, ovares
were immediately transported af temperature of 4 °C. In the laboratory, ovaries were
sliced for the release of cumulus-cocvie complexes (COCs) Ouly grade | OOCs were
selected and placed m maturation medum for a peniod of 24, 48 and 72 b of maturation,
Aller culturing, COCs were plated of 0.2% hyaluronidase solution for complete removal
of cumulus cells. The activity of the p34™ protein was detected by ELISA. Based on
the results, it was observed that the activity of the protein 15 time-dependent, peaking
after 48 hours of IVM {p 0.01). After 72 hours, activity declined. Based on this studv, it
could be concluded that the p34°*® protein kinase plays a very imporiant mle in the
meioss progression in bitches, Thus, a better understanding of this protein as well as of
others that participate m the maturation process may contribute to the estabhshment of
more adequate media to sigmiicantly improve maturation rates.

Kevwords: Protein kinase, oocyles, p34°, maturation, bitches.

RESUMCO)

O controle do ciclo celular ¢ regulado por uma cascata de eventos coordenados gue
podem amar influenciando na expressio ou repressao da anvidade de protemas
relacionadas a retomada da mewse. Estudos mdicam que a atrvidade dessas proteinas
mosira-s2 fempo-dependente no processo de maturacao & wvifre (MIV). Esse trabalho
teve o ohjetive de avahar a cingtica da atividade qunase p34™ durante a MIV de
COCIIDE CANLAnS.
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Os ovirios foram obtidos de 40 cadelas submetidas a ovirio-salpigo-histerectonua
(OSH) eletiva. Apos a OSH, os ovarnos foram imediatamente transportados a wma
tempemtura de 4 “C. No lsboratorwo, os ovanos foram seccionados em fatias finas
("slicing"), para a liberagio dos complexos cumuins-ooeno (COCs). Apenas os COCs
grau | foram seleconados e colocados em meo de maturacio por um periodo de 24, 48
£ 72 h de maturagio, Apos o cultivo, os COCs foram colocados em placas contendo
sohigio de hialuronidase 0.2% para a retirada completa das celulas do cummlos, A
atividade da proteina p34°* foi detectada por ELISA. Com base nos resultados verifica-
se que a atividade da proteina mosira-se tempo-dependente, atingmdo o pico apos 48h
de MIV (p=<0,01). Apos 72h, a strvidede demonstrou um decréscimo, Com base neste
estudo pode-se conclur que a proteina quinase p34™= desempenhn uma fungdo de suma
importincia na progressiao da meiose em cadelas, Dessa forma, 8 compreensdo methor
dessa protemna assim como de outras que participam do  processo de maturagio podera
contnburr  par o0 estabelecimento  de meios mas adequados  gue  methorem
sigmificalivamente as taxas de matumgio.

Palavras chave: Proteina quinase, oocitos, p34™, maturagio, cadela,

INTRODUCTION

In mammals, when removed from
the follicular epvironment, oocvtes no
longer recewve the signal thal maintams
mewtic block and resume meiosis. In
hitches.  although

sponlansously resume i vifro mensis,

the oocyie may

maturation rates are very low and the
percentage of oocytes remaming i the
germinal vesicle {(GV) 15 high. During
ovogenesis, the mformation required for
the inmial embrvonic development s
transcribed  amd  stored as mBNA or
translated  and proteins
(ALLARD er i, 2005), Any alteralion m
the synthesis and consequently m the

stored  as

stock of these protems can bave serwus

consequences in oocyte development.

The resumption of the meiotic
cell cyele s mamly influenced by the
meiosis promoter factor {MPF), which =
regulators of
morphological changes that occur during
regulating

nuclear

one of the main

pocyle maturation,
chromosome  condensation,
envelope rupture and the reorganization of
mictotubules (MOTLIK. 1998).

MPF is a heterodimeric protein
belonging to the family of kinases,
consisting of a catalytic subuml, the
cyclin-dependent kinase called odkl or

p34°% which controls cell division and a

regulatory gubumt, eve L Bl
(MERMILLOD, 2000). Meinsis
progression requmres  both  cyclm B

synthesis and its cyvioplasmic shiff 1o the
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nuclens, along with dephosphorvlation of
the catalytic subuni.

Kmases and phosphatases are
mvolved m resumption and complete
mewtic maturation of the oocvte. In the
growth phase, oocyies have very low
p34®* levels and are not able to progress
from the G2 phase (interval between DNA
synthesis and cell division) to the M phase
{cell division, mewosis). The acquisition of
meiotic competence 1 associated with the
activation of p34° a1 the end of oocyie
development and with the presence of
adequate amount of cyclin Bl 1o provide
sufficient raw  material for pre-MPF
activation (DE VANTERY er ol 1996G)
In s mactive form, pre-MPF, the catalytic
subunt 15 phosphorvlated mto Thrld
(threonine 14) and Tyrl5 (tyrosine 15)
residues (GAUTIER ef af, 1988). MPF i
sctivated when the two subunits, p34™=
and cychn B, are associated and Thri4
and Tyrl 3 residues are dephosphorylated,
whose reaction & calalyzed by ode 25
phosphatase enzyme. Dephosphorviation
of these residues as well as the subsequent
conversion of MPF-mactive to MPF-
active s the kev o GI/M passage
(CURCIO er af., 2006). However, it i still
unclear which of the heterodimenc
subunits of mammalians MPF plays a
determmant mle m the control of MPF
activity (LEDAN et af., 2001).

Kanatsu-Shinohara et al. (2000)
compared the concentrations of pigead
and cyelin Bl m  mcompetent and
competent  mounse  o0cyles W resume
meiosis and found that the concentrations

of both are approximately three Cimes

higher in competent oocytes when
cotipared o oocvies unable to resume
mewsis.  However, the cowln Bl

concenlrmlion was up W seven Lmes
higher than that of p34™< i both stages.
Accordmg to these authors, since cvehn
Bl 15 m excess m both mmature and
meture oocytes, p3d would play a more
central role in the regulation of the MPF
ECTIvation

The mm of ths study waz to
evaluate the influence of p34** kinase
activity at different moments of the in

vifra maturation of camine oocytes.

MATERIAL AND METHODS
Animals

Ovarles were obtained from 40
healthy adult domestic bitches of different
breeds that underwent ovanohysterectomy
at the Small Animals Reproduction
Service of the Depantment of Animal
Eeproduction and Vetermnary Radwology,
Faculty of WVetennary Medicine and
Ammal Science. UNESE, The stwedy was
accepted by the Ethies  Research
Committee of FMVZ — UNESP, campus

43

Cudvac e Avtorved TTLYL 2007



of Botcatw, under protocol  pumber
17652011,
Obtaming and classifving oocyies

After OSH,
ascptically  solated,
plovsiobogical solution (0.9% NaCl) and
immediately transported at 4 "C o the
Labomtory of Reproduction of Small and
Wild Animals, where they were processed

withmm 6 hows afier removal. In the

OVAnes  were

mmersed In

laboratory, ovaries were transferred to
sterile . plass Pein  dishes confaining
PBSPVA solution heated at 37 "C added
of 10% fetal bovine serum (FBS) (Fig
1 A). In ths solution, they were shoad

(Figs. 1B amd 1C), along thewr length and
wilth for the release of cumulus-oocyte
complexas (COCs),

COCs were wentified and  quantified
using a sterecmicroscopic  magnifying
ghass {Leica®™ MZ 12.5) and evaliated for
homogenerty, cytoplasm  staming  and
number of cumulus cell lavers, according
to  morphological criteria adopted by
Hewnt and England (1997} (Fig. 1D)
Thus, only grade 1 COCs, that g, those
with bomogeneous, dick ooplasm and

completely surmounded by one or more

cunuilus cell lavers, were selected for this
stuily.

Figurn 1: (A} Ovaries of biiches to be processed; (B) Sheing of an evary; (C) Petrn dishes
with sliced ovaries; (T3} Selection and classification of oocvies. Magnification of 40a,

Botucatu, 20k14.
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During the selection process, COCs were
washad three tmmes in TCM-=199 washing
mediom  supplemented  with  23mM
HEPES, 0.2mM sodum pyruvate, SmM
sodimm bicarbopate and 75 pg / mL

Eenlamacin

I vikre maturation (IV M)

Alier selected and washed, gmde
1 COCs were divided into groups of up 1o
20 pocyies amd transferred o 4-well
culiure plates contaming 500 pl of
maturation medium. The medium  used
was TCM 199 supplemented with 25 mM
HEFPES, 50 pg / ml gentamicin, 26 mM
sodium  bicarbonate, 1.5 mM sodium
pyruvate. 2.9 mM  sodmm
pentahydrate, 0.6 mM cystemne, 0,03 IU /
mL hCG, 0.5 pg / ml FSH. 20 pg / mL E:
and 10 ng / mL epidermal growth factor
(EGF) (SUZUKAMO er al., 2009), The

lactate

cultures were perfomed ait 38 'C m a
humidified atmosphere of 5% CO: for a
period of 24, 48 or 72 hours.

Al the end of each culture penod,
COCs were placed m plates contfaining
200 uL. 0.2% hyaluronidase solution for 5
minutes and repeatedly aspirated with the
30 pL pipette for complete removal of
cumulus cells. After complete removal,
oocytes were then washed m PBS/PVA
for hyaluronelase maEctivabion Cocyies
were then transferred to PBS solution

supplemented with 3. 7%
paraformaldehyde, washed agam in PBS
and stammed with 10 pg / ml Hoechst
33342, Oocytes were placed between shide
and covership, and evaluated under light
and {luorescence microscopy  (Leica™
DFC 310 FX) for evaluation of nuclear

iU AL v,

Oocyle extract preparation

Oocyie  extract was  prepared
according te methodology described by
Susukamo er al. (2009) af umes 0, 24, 48
and 72 hours. After completion of each
maturation time, oocvies were washed
several tmes i PBS/PV A and transferred
to a grodusted comcal glass  be
contaiming @ buffer solution  (hsing
sohtion) conssiing of TRIS-20 mM, 150
mdM NaCl, 1.0 mM EDTA, 1.0 mM
EGTA. 1% Triten X-100, 2.5 mM sodmum
phosphate, 1.0 mM f-glycerophosphate,
1.0 mM Na;VOy, 1.0 mg / mL leupeptin
and 1.0 mM  phenylmethylsulfonyl
flueride (PMSF), to prepare oocyie
extract. The proportion of Spl of butler
sohition for five pocyies was used. After
this process, the glass be was placed m
styrofoam contmmng liquid mifrogen for
three munutes, Then, this tube was
fransferred 1o Sonifier (Branson Dagial
Somfier*)  for
fragmentaton and consequent release of

complete ooCyie

a5
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s proteins. The oocyie extracl was
somecated five umes for 25 seconds, with
an interval of one minute, At the end of
this procedure, the oocvie extract was
transferred to an ientified microrube and
stored at -80 “C.

Measurement of the p34™ kinase

activity

The extiact of bvsed oocvies (5
oocytes / 5 pL buffer solution) was mixed
with 45 pl kinase-A buffer soltion
composed of 25 mM HEPES buffer (pH =
7.50, 10 mM MgCl: (MBL). 0.1 mM ATFP
and 10% mouse vimentin peplide solution.
This muixiure was mcubated at 30 *C for
30 minutes. The reaction was terminated
with the addifion of 200 upl PBS
contammg 50 mM  EGTA (MBL)L
Subsequently, the extract was centrifuged
for 15 seconds and the mouse vimentin
peptide phosphorylation was detected by
ELISA (MESACUP® cdc? Kmase Assay
Kit).

Statlstical analysls

Logistic regression models (SAS
Institute, 2011} were constructed in order
to estimate the chances of oocytes to be
germmal  vesicle  (GV),
germunal vesicle breakdown (GVBD).
metaphase [ (IM), metaphase 11 and
degenerate { DEG) maturation stages in

ohserved  at

different growing tmes (24h. 48h and
TZh). The ELISA
performed  three  times

lechnigque was
and each
experiment waz replicated four tumes. The
measurement of p34™° kinase activity
during times 0, 24, 48 and 72 hours of
camne oocyte was performed by analysis
of varmnce m a complately randomized
design, followed by Tukev's test for
multiple comparsens between means. The
significance level used to reject Hy (mull
hypothesis) was 3%, that & for p<0.03
isignificance level less than 0.05).

RESULTS AND DISCUSSION

The chances of observing an
oocyle ot different tmes of i vite
maturation are presented im Tab.l, This
tab shows that the chances of finding an
pocyle m the GV stage in time of 24 h
were 3,15 times greater than in 72h
(p<0.0001). Similarly, the chances of
finding an oocvte at the VG stage were
2.4 times greater at 48 h when compared
to 72 h {(p=0.0001). In the time of 24k,
there were 1.26 tuimes more chances of
having an oocyte at GVBD than in 48h (p
= 0.0002) and 1.42 times more chance
than m 72 hours (p = 0.0002}). Thus, these
results showed that carber stagies (GVY
and GVBID are most present in the first
howrs of culture s wiro and m the dog,
even after 48 hours, there 15 the presence

a6

Cudvac e Avtorved TTLYL 2007



of oocyies m the early  stages

development.

Tabela 1: Odds mtio of finding an cocyte at different stages of nuclear maturation (GV,
GVED, M-1. M-11 and DEG) at 24, 48 and 72h in (v virre culture mediom. Botucatu,

2014,
Varialkle vesponse Crltmre fime B 1 (95% ) p-Valkue

Gy S0 (N
24h I3 {L846-2, 16
481 Reference
2y 4 27 230708 ¥
T2h Reference
48h 14 I.T1-5.76 "
TZh Reference

GV 0.0002
2dh L5 1.08-2.54 ¥
48k Reference
24h 156 1.64-4,01 ’
Tih Reference
48 E.55 0.97.2.47
T2h Refarence

M-I = (000
14h LR {1.25.01 56 "
43h Reference
Mh 0,32 01.22-01,48 '
T2h Reference
A%l OLEG L62-1.20
Tah Reference

A 0,000]
24h L5 0.25-5.64
A%k Reference
24y iy 0pG-0.49 "
72h Reference
43k 03 0.04-1,45 .
Tk Reference

DEG 0.0l
ik .02 0.55.1.88
45k Reference
2k 053 03] -0eE "
TZh Reference
48h 052 0.30-0,90 .
T2h Reference

Cudvac e Avtorved TTLYL 2007

47



In veriebrates, oocyies remam for
several weeks, months or vears m the
prophase of the first mewtic division
During this long period, they gradually
accumulate mRNA, protein, lpid and
sugar molecules &3 they grow in size. This
essentml stock for the supply of energy
and mformation during cocyte growth 15
paramount for the final stage of cogenesis.
L&, pocvte maturation. Oocytes that do
nol acquire compelence do not complete
cyvtoplasmic maturation ( MOUROT er al.,
2003,

During meiosis resumption to the
phase,
occurs at a very low level. so, oocytes
need (0 have protem and mBENA supplies

matemnal-zygolic transcriplaon

to meet demand during maturation,
fortilication  and  early
development (RACEDQ er of. 2008), If

this information 5 absent or msufficient,

embryonic

there may be failures i muclear or
maturatii,  or  both
mmpairing  subsequent
Studies have shown that mRNA levels

encoding such proteins are related 1w

cyloplasmic
development.

maturation  fme - amd  pocyte
(CALDER er af, 2005). Thus, &t 15 of
paramount importance  knowing  which
proleins are mos! imporant moEensis

quality

control: which may be acting in an
antagonstic  or  synergisiic | way,

accelerating or delaying the mewtic

process; or even if proteins entified m
pher species as esponsible for acquirmg
compelence are bemg expressed m
bitches.

The culture medin vsed for the
maturation  of  canmine
developed based on adaptations of media
used for other ammals. In spite of the
numerous studies aming o develop a
maturation medmm  based on  the
endocrime and melabobe neads of bitches,
the oocyte indexes that reach the final

stages of maturation are very low, making

HE!IE:.-TE'S are

t impossible 1o develop reproductive
biotechnologies. Thus, the study of
proteins, such as p34™< that are involved
m the meiosis control, can elucidate what
maintams the majority of oocyvies at the
GV stage mn this species,

According 1o Kovo er al. (2006).
the MPF concentration oscillates among
cell divisions, MPF shows a marked
activity in oocytes during stages of
meiotic divison resumption. reaching its
highest level at mewsis 1. The decrease in
the concentration of this factor 15 observed
during the transition from anaphase to
telophase, before the fust polar corpuscle
5 released. A study m orals demonstrated
that MPF & lugh m the eSS
resumplion before GVBD - nueleolus
dsselution. chromosomal condensation,

microtubular reorganization and

48
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dissolution  of the muclear envelope,
reaching maxmum  level at M-I
(metaphase plate formaton), declining
before formation of the first polar
corpuscle and increasing again before M-

II. According to the present study, it was
observed that the p34°* protein kinase, as
well as MPF. oscillates among the
different times of v witre maturation,
exerting different function at each stage of
the cell cycle. Before maturation and n
the first 24 hours, an increase 18 observed,
but not sigmficant, which shows that n
the early stages of development, this
protein i still in the process of being
transhated, In the first 24 hows, it is
possible o observe, sccordmg (o the
resulis found. the highest oocyie index in
GV, smee this period showed 315 times
more chances of having an cocyte at this
stage than the tme of 72 hours and 2.4
times more chances than the time of 48h
Thus, synthesis of the p34“* protemn in
the first 24 hours of in virre maturaton
may not be sufficient to promote mensis
resumption in the canine species.

In a study cammied out with mice
through the freatment of oocytes with
protein sylthesis inhibitor,
cvclohexamide, ® was suggested that the
merease m oyeln  synthesis may  be
responsible for the regulation of MPF due
to the decrease m the activation of MPF

and 1o mewss resumplion { HAMPL and

EPPIG, 19935). In thus research, oscillation
of p34™= protein kinaze at different
maturation limes, as well as changes m
MFF levels the  different
maturation stages have been reported

during

Imerature, Thus, as reporied by these
authors, it could be inferred that this
protein  mav  exert mfluence on  the
regulation of MPF and consequently on
cell evele control.

According 10 Josefsherg o ol
(2003), the declme of MPF activity
betwesn mewsss 1 and 11 divisions occurs
due to the cvelin B degradation process. In
this studv, there was a significant increase
(p=0.001})
between 24h and 48h, reaching peak m
48h and then there 48 a decline up o 72k
In view of these data, it may be sugpested

in  pMUY protein  kinase

that this protemn may play a fundamental
role in different stages of the cell cvele,
such as in mewsis resumplion, ransmion
from GV 1o germinal vesicle breakdown
(GVBD), or as a determinant for the
progression  for metaphase 1 (MI) and
metaphase 11 (M-IT) stages. Higher
chances of obaining oocytes at VG and
GVBD were observed for ime of 24 h
However, the time of 48h showed 2.7
fumes more chances of oblaiung oocvie at
M-I stage compared to nume of 24h
(pe01). The chances of obiaiming
pocyles ol M-1 and M-IT stages mcrease
after 72 b of culture. As atter 480, there 15

49
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a decline in the activity of p34™ protein
kinase, and it can be assumed that it can
act as a raw material ar crucial moments
during cell cyele. The functions of this
protemn can be observed m different ways:
directly controlling meiosis, mutually
interacting with cychin Bl to act in
M 0SS PESMPIon OF 8Ven SErving as raw
matersal for MPF activation.

A smdy conducted by Swmkamo
el al. (2009) demonstrated mcrease of
pA4* protem kinase during maturation,
observing a peak of #s activity at 72 h of
culture and a decline afler that time.
Accordng to these authors, the time of
T2h would be ideal for the in vifro
maturation of camne oocyles. In thus
present study, changes in the p34™=
kinase activity during times of 0, 24, 48
and 72 h of canme oocyte VM are shown
in Fig.3. The p34™ kinase activity at
time 24h when compared 1o 48h showed a
highly significant  difference (p<0,000).
This difference was  also  observed
comparing times of 48h and 72h. It was
observed that the p3d™* kinase activity
peaked at 48h and decreased at T2h of
maturation time, In this way, the time of
48h could be indicated as recommended
for in virre culture. However, according to
Tsutsumi ef al. ( 1989) and Revoaud ef ol
(2005), oocytes require more than 48

hours 1o complete nuclear maturation

within the oviduct. There 15 controversy
over culture tome but ® 15 evadent that for
pocyie competence (o ocour, the medmm
musl provide nutnents, growth fctors and
proteins  that simmlate the in  vive
envirecnment. Unlike Surukamo e all
(2009), this study used epidermal growth
factor (EGF) m the maturation medinmm.
This factor has been associated to
cascades of cellular signaling. Studies on
porcme oocvies have demonstrated that
EGF-mnduced mammation promotes MAPK
phosphorvlation, mising the hypothesis
that gonadotropin-induwced  maturabion
oecurs due o the sction of EGFR and
MAPK. EGF regulates MAPK activity by
banding 1o EGF (EGFR) receptors and
EGFRE inlubtstion 18 respomsible  for
blocking meiosis resumption induced by
LH amd FSH. Thus, EGF, acting on
MAPK phosphorvlateon, may  have
exerted influence on the phosphorylation
of protein  Kinases during  maturation
progression.

Thus, # 5 suggested that only the
evaluation of the p34™* protein kinase
achivity 15 not enough to understand the
modifications that occur durng the cell
cvele, requinng turther studwes on other
signaling pathways that interfere m
meosts, 4% well as the evaluation of the

phosphorylation of protems mvolved m

this progess.
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Figura 3: Measurement of the p34°< kinase activity in times of 0, 24, 45 and 72
hours during IWVM of canine oocytes. Botucatu, 201 3.

With this broader understanding, one can
evaluate how oocyle compelence oOccurs
in this species and determine the most
suttable medmm and culture ime.
According to Tay ef al. (2000},
the adminstration of eyvelin Bl mBNA in
oocytes accelerates the maturation rates n
mice. The best understanding of which of
these proteins are most mmportant in the
recovery and control of the cell evele can
mnfluence the development of a culre
medmm that can more appropriately
simulate the in wvive environment of
female dogs. By wleatibymg what s
preventing the progression of mewnss m
this species. if they are changes related o
Eené  expression,  lranseniplion  or
translation  of protems, more  efficiem
means of maturation that promote better

melosis resumption and progression to the
final stages of nuclear maturation can be
developed.

CONCLUSION

Based on the results of this study,
# could be concluded tham the pia=
protemn kinase plavs a very important role
m the progresswon of mewsis m batches,
Better understanding of this protem as
well as of others that participate i the
process of cell maturation and signaling
may coniribute to the establishment of
mote adequate media that signilicantly
increase mamraton rates. allowing the
development of reproductive
biotechnologies in this species.
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