ABSTRACT

in witro treatment of fully growsm immature zebrafish cocytes with dibydroxyprogesterone (DHP)
resulied i germinal vesicie migration (GYM) and breakdown (GVD), ooplasmic cieanng, yolk
proteclysis. osmoregulaton. and blastodisc formation. The DHP-matured cocyles were activabied
upon transher o doulis distillad waler a8 evidenoed by the Tomation of a parivlalling spacs
Expenments were conducied to siudy the effect of okadaic acid (O}, a specific inhibitor of probein
phosphaiase PP-28, on zebralish cocyle maturaton, egg acivation and eardy embryonic
development. Microarmay data indicated the presence of PP-2A regulalory subuni mRINA in cocyies
and ani-PP-28 regulatory subunit antibodies labaled a ~85KDa band wpon immunobloiting. Immatuns
oocybes freabed with O (1 pg/ml) alone, showed GVM and GVD, clearing, yolk profeclysis,
camoregulabion and blasiodisc Tormation. The time course Tor maturation with OA was delayed
relative o DHP-induced maturation. In adddion, Of-madured cocybes exhibibed an nferrmedade lesel
of yoik proleclysis compared to DHP. OA-matured oocytes had increased corbcal microfubules upon
labaling with anti-fubulin (DM 1A) anlibody, suggesting an altered oocybe cortex. In addition, the
mecropyiar cedl thal labeled strongly with DR 1A could not be detecied afler OA treatmeant. OA and
DOHP were synergistic in promoting cocyte maturaton. However, upon transfer to double distilled
walar, tha Od-mabsned cocyles failed o fonm a parivitellineg space indicating their inability o actvate
DHP treatment did not rescue the Dd-ireated oocyles and they remasned inactivatible. DA also
inhibited the watar-induced activation of DHP-matured cocyies. O had no demaonsirable afect on
sebrafish early embryonic development al the dosages lested. Our dala suggesi the presence of PP-
24 in the zabrafish cocyte and s role N cocyte malurabon and egg scihaton.

INTRODUCTION

Cocytes of Zebrafish, Brachydanio réfmo &he arresied in prophasa-1 of meiosis as thay
develop and grow in the cvanan follicles. Prior to ovuiation, the oocyles anter into a final developmantal
stage of oocybe maturation when meiosis is renilialed in responss o a sieroid oomone, Docyle
maiuration mvolves a G2 10 M phase transition in the cell cycie. Dunng in witro maburation wath 17 alpha,
20 beta-dihydrooy-4- pregnen-J-one (OHP), 1he opaques oocyles become iransiucent, the centrally
iocated germinal vesiche (GY, nucleus of the cocyle) migrates to the periphery and broaks down, a
blastodiss farme at the anemal pole, yolk proleins undergao imiled probeclysis and the cstyies allain the
capacity to osmoregulate, Protein phosphorylation and dephosphondation ane imaobved in the meiotic
maturation of the cocyles, Although ihe emphasis of previous siudies REs Deen on prolein
phosphorylation and kinases, loss attenticn has been paid o the role of protein phosphatases (PP)
Dkadaic Beid i & polysiher monocarboxylic acid synithesized by several types of dincflagellales. it s a
vary specific inhibilor of protein phosphatases 1 and 24, Okadaic aced (0A) has been found 10 be a wery
useful agent o sludy the role of profein phosphatases in Xenopus, stadish, mouse, and pay oocyles. O/
induces hormone independent maturation in Xenopus, starfish, mouse, pig cocyles, cormelabed with
germinal vesscle breakdown (GVDY) s the appaarance of maturation promolting lacior sctvity. The aim of
this shady was to imestigabe the effect of 08 on zebrafish cocybe maluration

Thea maiuraton of cocyiles s complaied 5l metaphase 2 stage, wihen e inst polar body s
eutruded and the chromosomes are amranged at metaphase plate. Meiosis is armesied at this stage
Further progression of meiosis and iis completion depands on the activation stimulus, Activation of
zebrafish epgs s not exiensively studied. Parthenogenetic activation in zebrafish can be induced using
double distilied water. In the present sludy we deviesd an in Wiro asaay for studying egQ actvaion. We
report hene thad i vitro DHP matured eggs of sebrafish are activatable only duning a short window of
tima, Dkadaic acid malured cooyies are inactivalable. Finally, 08 can inhibdd e activation of DHP
matured oocyhes.

Table 1. Microarray results for Phosphatase 2A In Zebrafish using
Affymaetrix zebrafish array. Results presented as relative signal
intensity.

Ega Onrairy Ratio Egg/Ovary  Description
B54 1444 o7 Moderate similarity 1o haman sarine
threoning phosphatass 24, 856 kDa

regulatony subunit &, beta isolom

360 1140 i Probein Phosphatase 24, regulatory B
subuni, B56

1062 BOE 1.2 Prolein Phosphatase 24, reguiatory B
subuni. B5E

385 aeT 06 weak similarity 1o phosphoprotein
phosphalase 2A regulatory chain, T4K-
Frurrn

nz a3 0B Danio rero, similar io protein phosphatase
2, regulabary subunit B (B56) epsilon
iscform mikna

178 &7 3.2 Moderate similarity fo human serine

threcning protain phosphatase 24, 55 kDa
regulatary subunit B, alpha isoform
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Figure 1. Dot and wesbern biols of phosphatase 2a regulatory subunit from Superose 88 calumn fractions of
immature cocyles, mature cocyles, and ovary.
{Uppesr 3 panels] Samples of 200 mmaturs cocyies or 700 mahse oocyies wers homogensd in 4050 @ of 0158 NaCl S0mM Tris bufer. The
sampiss wane [hen ceninfuged ad 1000wg to smpin down yoll. Sampilss of 400 4l of eech supsrmaiand wers run on o Supesoss 58 column (1 6=
30 o} @ned Tl Tracicns wesre colsciod MY slandarcs wone alulsd as Tolows. Z2miba fractcn 18, 569 kDe racion 25-249, 443 kDa fraction
2B-2% and B8 kD rection 31-32. Alkguols (100 ul) wirs Spollsd usng & Mili-D oot blol syslam Pom ey Sined rschion SLEmrg Trom e 151
fraction up 1o SO frection. Tha ritroceliulass mamErans sas Dlocked, probsad wish rabbl anli-sanraiirecnirg PP 2408 [Exalghs P1ESP),
thian redcied with gold-labwlied po@ arti-rabb igh (GAR) ardl vesakied with FlenSE 1| {GEMmacsham ) Pooled sebiafieh ovary wegihung
135 mg from gravid females was homoganicosd in 270 @ of 0 15 mbd NaCl S0mM Tre buffer The sample was then centrituged af 1000g 1o
s dioven yoik. A supsrrariang sempis of 270 il was nun on o Supsroas BB column and frachons collscied oy above Dot blolng wos
piormisd 08 o soriDed above
Lo panad] Washerm Bilol Toe phosphatase 28 i iha Swary, Immaiee and mobee Socyies. Sampies of M0 ammaturg oocyiss. 30 maturs
oocyles, and 95 mg of ovany of abealsh wens Romoganieed in 50, B0, 190 @ of 0158 MaC) S0mM Tris bufa,r respaclively. The samplaes
wnrm Enar cnirfuged o 16000xg for 5 mirwies Sameks wors mined will Deckng buler s 40 (0 of 1he SuperralBn o ek Samphs wid,
i Gn @ Tmim ick SD3-PAGE 10% gal Weabeim Dol wiis pericrmed on he fesuling nitroosBulcas mer T Lol Bl o
probing dot bicts. MW = prestaned molecular weight standards (kDa). A semple of acull sebrafish brain was nun as @ posilive comml
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Figure 2. Computer-Alded Moiotic Maturation Assay [CAMMA)
(Lesaman & &5l 2008 n press). Comparson of CAMBA pssay of ndvidual
exricytans irmated wilh DHP (1 aghml) and Diadae geid (1 sgimi) for B hours
Chocytes trapinc] with DHP Saar @1 & Easier s with oul 8r mitisl leg panod
Dhaytes raaled with Dhadaic acid clear alber an nilial By pediod TAMMA el
@ B-bil grayecals eith § = black (opsque) and 255 = while (clear)
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Figure 3. Graph comparing the average intensities and time course for clearing of cocytes treated with sterold
wvehicle, DHP (1 pg'/ml) and Okadsdic acid (1 pgiml).
Dot preserssd as maan +- SEM and n= 40 Docyles incubaltd ¢ REpaciv IMalmires wire Tolowed by CAMNA o B nowrs. Th imoges
Fo AR deinii Slichaed red bl Rid utng limage J Dhadied Acid Likas @ IB5gaer Wi 1 Sk cledning of (P Sosded Fun DHP, &
e b produce & S0% cieanng (TS50} ware significantly mons for OA verus DHP O supencopt ndicales sigrifcant d&aerencs Detwen
D warsum cloadaec: pcid reatments 8l the sfms incubetion bms (ANOYA) S supsmcnpd Rdicales significant dfarancs bsfwesn sbamic
weFncls versus chadpic acid treafmends al the sams incubstcn time (AMOVA L

Synergistic effect of Okadaic acid with DHP
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Figure 4. Graph comparing the average intensity and time course for clearing of the cocytes treated with storoid
vahiche, very low doses of DHP [(0.05 ng/mi), okadaic acid (0.5 wg'ml), and very low dose of DHP (0.05 ng/ml} + okadaic
acid (0.5 upgdmi).

Ointa presentsd as maan +- SEM nansty wih no= 40 Oocyles rested wih steroéd yehicls, very low doss of DHP. or okoadeis sced aloms did nod
clear. Docyles ireated wih 0 05 ngimi of DHP and 05 igém| of Okedeic acid clearsd indicating thai thay ans synengissc in achon. 0 superscrpl
incdcates the combrasd iraaiment & significantyy difensnl Irom othes grougs al the same imae of incubation usng the Slucdents T-best [p < 008}
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Figure &. Individual socyte protein profiles on SDE3-PAGE after treatment with okadaic acid, DHP or steroid vehicle.
Labeifiah GScyian wans haaled wilh darosd vahicks DHP (1 agiml), Okadiac scad 1ugimi) Ief § hows. Esch Gocyle kwak R homagenioed in 10 ol of
wrea sokubikzabon buffer. 10 4l of sach indryidunsl cocyle sample was then loaded inlo ssparats Bnes of 8 SOS-PAGE T 0 Smm thick gl Gaés wane
simred with Copmasss blus. The higher molscuts waight {110 kDa) yolk band predominatss in oocyies ireated wih sieroid vehicle. The lower
meaksoular weight {30 kOa) band predominales in cocyies ireabed with DHP suggesiing yolk processing duning maturation. Bioth the higher and the

lowsar molscular waighl bands ans found in approsmalely sgual Proporlions in e oCyiRs insalsd wilh okodaic a0 suggeshng the yoli processing is
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Figure 6. Density ratio of largaismall MW bands (i.e. 110 and 90 kDa yolk bands,
respectively) as determined by Imaged from Fig. § gels above.

Graph comparing the ratio of yoi proteins of ndivicdual cocyies ireated with sleroid wvelucle, DHP |1 gl and
okpdes @0d (1 ug'mi) for B hours. The yol profein rotos wees obtained by divdng The olal signal from the
highes meaoleoular wisght Dand (110 kDa) band with bolal signal from Ths ioseer maokaoular waight Dand (90 kDa)
Cuoeytag irsatad wilh sloeod vahiecls haree high yols protein rabos Le >>1 Docylos Pewad with DHP have low
yalk prodein ralios |8 =<1, Cocyles raated with chade acid hin inlsrmediale yok proben el

Figure 7. Activation assay maontage.
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Figure 8. Activation assay afler okadaic acid, DHP or sterold vehicke treatment.
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Figure 9. Effects of pretreatment with either DHP or okadaic acid on subsequent

activation.
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Figune 10. Montage showing i formabion of perivsaline space in thi oocySes pretraaied with DHP 1haen
ratrsaiad with DHP and atyacied io &0 activiling stmukus |doutis distlisd warler) e varyrg dunstcns of
time (represartaiive mags data from Fig 9 experiment)
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DHP for four hours and Fansfemed 1o ckadec acid. This supgests Thal okadaic acd can inhibil the
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Figure 16, Absence of okadaic acid effect on early embryonic development in
dechorionated zebrafish embryos.
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Figure 12. Moriags showing ihae abssncs of parrdlsling space in e oocyles preireaied
inilinlty with chadaic acid for four Rours and iransiermed to DHP. This suggests that DHP canrot Growing oocytes, vitellogenic, progestogen
rescus he iIneciratabilby of ckadaic scd matured oocybes . Represantstre image dats fram Fig incompetant
B anpariment

Combined activation assay showing diamater changes *

immature, fully-grown ococyte, progestogen

competent, Germinal Vesicle (GV) central,

e no osmoregulation, gamma tubulin mRNA
=l P distribution diffuse

w | W ousdaic scd 1o dhp

E
-
#

-
i

Maturing oocyte, progastogen-treated, GV
migraling (GVM), positive osmoregulation, '
ooplasm claaring

|

.,
=
L

parcent ado of fediization ervelope damaler 1o cocyte damaier
2 =

40 1 Mature cocyte (Egg). activatible, blastodisc “’
at animal pole, osmoregulates, gamma —
20 1 tubulin mRNA localized in blastodisc
u -
F 4 L] n L[] 12
e in heDirs. after intisl reatman *
Activated sgg (or fertilized), cortical granube -
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CONCLUSIONS
1) Okadaic acid causes clearing of cocytes, germinal vesicle
= W frt e = o e e ] e miﬂl‘ﬂﬂﬂ and breakdown, blastodisc formation, 'rﬂ'“i
i ; ; . i i ; ; ; i protein changes, and osmoregulation.
| 2) Okadaic acid-induced maturation is synergistic with DHP.

J .« | ® . » ® 3 i B ¥ 3) Okadaic acid matured cocytes have no micropylar cell and
| have a clumping of tubulin in the periphery.
" 0 - o . » » » . . 4) Okadaic acid matured oocytes are inactivatable and cannot
' be rescued by treatment with DHP.
| » 5) The activatability of DHP matured cocytes can be inhibited

¥ aE o e "~ & s - - ™ by Okadaic acid.
i ; ; ; i i i i i 3 6) Okadaic acid (| pg/ml) has no demonstrable effect on
zebrafish embryonic developmeant .
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