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Protein kinase activities have been compared in ovarian oocytea and in 
ovulated eggs of mnu8 laev& 

In ovaries and ovarian OOC&B, we have detected, in addition to 8n 
alre8dy known (1) cyclic Al@ stimulated phosphoprotein kin&se, a second very 
active phosphoprotein kinase which is &P-independent. 

Besides these two activities, a third protein kinase activity becomes 
detectable after maturation and ovulation : it is a ClMp and CGMP-dependent 
histone kinase. 

At the end of oogenesis, amphibian oocytes 8re blocked in the diplotene 

stage of meiotic prophase. Boring maturation, they proceed untilmetaphase 

of the second meiotic division; they remain arrested at that stage until 

fertilization. Pituitary hormones and progesterone c8n induce the processus 

of maturation and ovulation, both in vivp and j.n vitrQ (2). 

In Rana nim, Merrill and wuphs (3) have reported that maturation is 

characterized by 8n Intense phosphorylation of proteins. They suggested that 

the hormone-induced release from the prophase block might result from either 

the induction of a new protein kinase, or the activation of a preexistant 

enzyme (possibly via CAN). 

Tenner and Wallace (1) have identified a &@-dependent phosphoprotein 

kinass activity in the ovary of wnu8 laev& 

The present results show the efistence, in ovarian oocytes, of an additio- 

nal phospho~otein k3.nase which is, on the contrary, &l@ independent; 

Besides these two activities, a different cbWF-stimulated kina8e activity, 

with a high Sp~ifiCiQ~ for hi&one, appears during maturation. 

- - m - - - - - 1 - - - - -  

x Boursi&re de 1'Institut pour l%ucouragement de la Recherche Scientifique 
dan8 1~IndustrJ.e etl%griculture; 
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MATEiRIAUANDlWI!HOD6. 

Large (stage 6) OVW~S,II oocytes were isolated out of ovaries which had been 

treated during 15 h. at 20% with a 0.1 $ collagenase (Worthington Biochemical 

Corporation) in a modified (4) Barth's medium. Oocytes which had undergone 

maturation and Ovulation by j.n vitro treatment of ovaries with progesterone 

and pituitary extract, and unfertilized eggs were obtained according to 

Hsnocq et al (5). 

Calf thymus histone (type II A), egg vitellin phostitin and cyclic nucle- 

otides were purchased from Sigma Corp. 
"a QI 

- P ATP was obtained from New 

England Nuclear, 

Protein kinase activity was tested in an incubation volume of 0.35 ml, 

containing : 17.5 
r 

moles sodium glycerophosphate buffer (pi 6), 0.7kmole 

theophyllin, 2,5r(moles NaF, O.lr(mole EM!A, protein substrate (variable), 

enzyme (variable), 3U5timoles &g acetate, 28moles *-[3'd A’P 106-2.106cpm/ 

xnole), with or tithout 1.75 nmole CAMP, Incubations were carried out for 

30min. at 3ooC. Aliquots of the reaction mixtures (1OOj~l) were delivered 

on filter paper discs (Whatanan No. 3 FM, 2-3 cm j@. The discs were transferred 

into cold lO$ trichloroacetic acid (Tcp) - 0.1 M v4, washed three times 

with the same medium, then three times with 55 TCA - 0.05 M I(H2pO4, 

The discs were rinsed in 90s ethanol, dried and counted in 5 ml of toluene- 

Cbnnifluor scintillation liquidwitha FMcardTri-Garb 3380. 

RJ?suLTs. 

The isolation and fractionation of protein kinases from the ovarian oocytea 

or the hormone-treated oocytes, was performed according to the procedure 

developed by Tenner and Wallace for amphibian owes (1). 

After elution from the DEA%cell.ulose solumn, each fraction was tested for 

proteti kinase activity-8 bothhistone (part a of ell figures) and 

phosvitin (part b of all figures), as substrates, in the presence and in 

the absence of cAi@. 

Protein Use activities in overies and ovarian ooc$$es. ----------------------------_------------------ __-- 

Fig. 1 shows the elution profile obtained when a homogenate from total 
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ovaries, precipitated with (NH$2SOh between 0.20 and O-35 g/ml, was sub- 

mitted to chromatography on DiEbE;cellulose. Three peaks of protein kinase 

activities can be detected. The peaks &l and A2 probably correspond to the 

single peak of kinase activity described by Terser and Wallace 1 , which cata- 

g&J-DEAScelluloae ohrcmatograpbyprofile ofkimaes frcma. 
The IlEUhelluloae column (Ux3.5 om) was equilibratedwith 5mM 

potaeeiwn phosphate -2mH~anaelateduith150mloftheaamebuflfer, 
followedbya continuuw concave gradientrangingfrcm5mMpotaseirrmphos- 
Phate-2lnMlmA (pH7.o)(2x335mlineachmixingchambers) tc5oonlM 
~~tamium phosphate - 2 mMEVl!A (pH 74(330 ml in the reservoir) (6). 
Flow rate of the column was 80 ml/h; 10 ~0. fractions were collected,. 50 
of which werg assayed for protein kinase activitiee aa indicated in I& tf 

1 
ode, 

a. Hietone kinase activity (0.25 mg/ti hiatone). b. photnritin kinase acti- 
vity (3mg/d phosvit&l) .0--o without cyclic IMP. -----with cyclic Am (5)(M). 
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lyms the phosphorylation of both histone and phosvitin. On the contrary, 

peak B, which elutss at a higher ionic strength (potassium phosphate 04 M), 

is a cAMF' independent phosphoprotein kinase. It has a much higher activity 

than peaks Al42 and is more stable upon dialysis, concentration by ultra- 

filtration and storage at -2oOC. Peak B is still present when the extract is 

made from isolated large ovarian oocyGes instead of whole ovaries (fig. 2). 

b 

as those 
b, Phosvitinklnase ac 
.-.with cyclic AMP (5 Ml. 
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TABLE I. w KIUSE ACTIVITY IN (NH4)2SO4 0.20-0.35 g/ml FXACTIONS 
(pnoles min.'lmg~l) .% 

Origin of the Histone F%osviti.n 
prepsration -_-----___-----_-------------------------- 

No &Ml With c&E' No cAMP Uith c&E' 
_______________________I________________---------------------------- 

Ovarian large oocytes 5.7 7.1 2.6 2.6 

Id. * progesterone 5.3 XL.7 6.1 5.5 

Id. + (progestsrone 
(pituitary extract 4*8 x4 4.6 4.6 

In vitro ovulated oocytes 4.0 10.7 -we 5.5 

x All date have been corrected for protein kinase activity detected in the 
absence f substra 8. 
25 ELM& dATP (10 c&nmole) and 5&4 CAMP. The amount of preparation s z 

The concentrations were 2 mg/ml of substrate, 

Was’ 8030 160 p&LOO$.~ The oocytes’from three different animals were 
pooled in equal proportions. The same pool was used for each preparation. 

Protein kinase activities in hormone-treated oocgtss : aEparance of a -------_-------------------------------------- ---e-m- ------------ 

different &MP depndent histone-kinase& at maturation. ----------------- -------------------- -w------------ 

Table I shows that after hormone-induced maturation, the specific activity 

of protein kinase found in the (NH4)2SO40.20-0.35 g/ml fraction becomes more 

elevated when the substrate used is hiatone in the presence of cAMP. 

The ohromatogram obtained from n ovulated oocytes (fig. 3) shows 

that a new kinase activity (peak M) elutes close to the B peak, at 0.25 M 

potassium phosphate. It differs clearly from the latter by its specificity 

for histone and its dependance towards cAMP. The two distinct peaks of acti- 

vity (B and M), which elute at high ionic strength, were also detected in 

extracts from unfertilized eggs. 

Table II shows the difference existing between the protein kinase activity 

of peeks B and M, both obtained from jm ovulated oocytes, with respect 

to substrate specificity and stimulation by c-nucleotides (c&P end dZ@), 

Although histone is a good substrate for protein kinase B, the ensyme 
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seems to phosphorylate phosvitin more efficiently; neither c&fP, nor cGMP sti- 

mulates these reactions. In constrast, protein kinase M is a specific histone 

kinase, the activity of which is markedly increased in the presence of 5/M of 

either CAMP or cGKP. With phosvitin as substrate, the activity is much lower 

s&l. on 

I 

Fraction No 

pip- 3 - C&rom&ography profile of kinases from 4,400 
goctieg. The IBU-cellulose columu (10 x 1 

with 5 mM potassium phosphate- ZmMEKEAaudeluted'with2OO ofthe same 
buffer, followed by a cont%nuous concave gradient ranging from 5 n?I potsssim 
phosphate - 2 mM XEA (#i 7.0)(2 x 66 ml in each mixing chambers) to 500 mM 
POtELBSiUm phosphate - 2 ml4 EDl!A (pH 7.0)(66 ml in the reservoir). 
Flow rate was 20 ml/h; 2 ml fractions were collected and 50 

I!? 
1 were assayed 

for protein'kinase activity with the standard mixture. a, istone kinase 
actitity (0,25 m&l histone). b, Phosvitin kinase activity (3 m&ml phos- 
vitin),e~thout cyclic AMP.*-.With cyclic ABP (SrcH,. 
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TAEiLEII. FROTEIKKW AGTMTYOFP~IALLYPURIFIE;DENZYMES FfSN 
IN VI'rplQ OlRlwrED OGCYTES (punoles min.-lmg.-1).X 

cone . Peak M (fig, %a). Peak B (fig. 3b). 
Substrate (mg/ml) ------------I-------------_--------------_--- 

without With With Without With With 
c-nucle- CAW CGMP c-nucle- c&E' cGMP 
otiaes 0tiaes 

-----------------_----------------------------------------------- 

Histone 0.25 56.8 134.0 130.0 49.6 47.8 48.5 

Phosvitin 025 8.5 4.7 4.8 ZOO.6 198.3 211.5 

Phosvitin 3.oo 8.4 - - 298.7 - - 

XAll data have been corrected for protein kinase activity detected in the 
absence of substrate. 
was 6~g/lMlf4l. 

The amount of enzyme preparation used in the assays 
The c-nucleotide concentration was 5pM, 

end is not enhanced by the cyclic nucleotides. Peak H has thus been characte- 

rized as a cAMP snd a cGMP dependent histone kinase. 

DISGUSSIOW. 

The present data and those of Tenner and Wallace (1) indicate that m 

ovarian oocytes possess various protein kinases which differ in their depen- 

dsncelmaras0AMP, The msin contribution of our work wae to demonstrate 

that another kinase activity appears after the hormone-induced maturation : 

the presence of this CUP and cGMP stimulated histone kinase could be demons- 

trated in oocytes which had undergone $n VitrQ maturation and ovulation, as 

well as in unfertilized eggs. Whether this new hietone kinase of &&Q& 

ovulated oocytes represents a de novQ synthesized enzme remains to be inves- 

tigated. It might be related to the protein kinases already present in 

ovarian oocytes, and differ from the latter onls by a newly synthesized 

catalytic or regulatory subunit. Alternatively, it might correspond to a 

different macrmlecular assembly of preexisting subunits, which would affect 

the activity of a preexisting enzyme. 

It is possible that c.MP or -dependent protein kinases might play an 
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important role, if not in the induction of maturation itself, at least b~ 

cellular events associated with maturation or fertilization : for instance, 

it has been often suggested that histone phosphorylation might lx responsible 

for the condehsation of chromatin (7). It might be that the histone which 

becomes detectable during oocyte maturation plays a role in the extensive 

condensation undergone by the chromosomes during that period of develoIxnent. 

Further work on the properties of the protein kinases present in &laev%g 

eggs ie needed before one ten appreciate their exact role in oogenesis end 

early development. 

I wish t.c thsnk Pr. J. Brachet, Drs. E. Beltus and R. Kram for helm 
discussions and advice. This work was done with Mmnciel support ticen 
contract Belgian State - ULB (1973). 
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