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Unique protein kinase C profile in mouse oocytes: 
lack of calcium-dependent conventional isoforms suggested by 

rtPCR and Western blotting 
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Abstract rtPCR and Western blotting were used to determine 
which members of the PKC family are present in both immature 
and mature mouse oocytes. Using isoform-specific PCR primers 
and antibodies PKC-5 and -X were detected while such techniques 
failed to observe the conventional isoforms of PKC-a, -j3, -y. This 
isoform profile was confirmed using an alternative PCR strategy, 
which allowed discrimination of PCR products derived from 
conventional and novel PKC isoforms. In addition PKC-e, -7], -6 
and -^ were not detected by rtPCR. These results suggest that the 
predominant isoforms in oocytes are PKC-5 and -X. 
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1. Introduction 

Protein kinase C (PKC) exists as a family of serine/threo-
nine kinases which are broadly classified into three groups 
depending on their cofactor requirements. Conventional iso-
forms (cPKC-ot, -P and -y) require Ca 2 + and diacylglycerol 
(DAG) for maximal activity, novel isoforms (nPKC-8, -e, -n 
and -0) are Ca 2 + independent but require D A G as do the 
related kinases protein kinase D and PKU(o.; and a typical 
isoforms (aPKC-^, -t and -A,) which require neither Ca 2 + or 
D A G for activity. The family of kinases is complex with dif-
fering cofactor requirements probably reflecting separate and 
even opposing roles in cellular processes [1]. 

Sperm induces fertilization by a series of Ca 2 + oscillations. 
One mechanism whereby sperm is believed to trigger these 
oscillations is by binding to an oolemma receptor. This recep-
tor is coupled to a phosphatidylinositol-specific phospholipase 
C (PI-PLC) through either a tyrosine kinase or a G-protein 
[2]. Activation of PI-PLC produces the bifurcating second 
messengers D A G and inositol trisphosphate (IP3), and there-
by Ca 2 + . By this mechanism P K C is also likely to be activated 
at fertilization due to the production of D A G and Ca 2 + . In-
deed phorbol esters, most notably phorbol 12-myristate 13-
acetate, have been used in some studies to successfully mimic 
events of oocyte activation, such as meiotic resumption in 
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both mouse [3] and hamster oocytes [4], as well as inducing 
cortical granule exocytosis [5] which prevents polyspermy. 
However, pharmacological studies using P K C activators/in-
hibitors on mammalian oocytes have been inconsistent. One 
study has suggested that phorbol ester-induced cortical gran-
ule release is P K C independent [3], while another has shown 
that both hamster and mouse oocytes do not undergo meiotic 
resumption in the presence of phorbol esters [6]. 

Due to the differences that have arisen from the pharmaco-
logical assessment of P K C at fertilization this study set out to 
examine which common members of the P K C family are 
present in oocytes by a strategy based on r tPCR and Western 
blotting. This methodology may give some insight to their role 
at fertilization. The presence of cPKC-oc, -(3, -y, nPKC-8, -e, 
-r|, -9, and aPKC-A,, -£ was examined and it is reported that 
only nPKC-8 and aPKC-?i could be detected. 

2. Materials and methods 

2.1. Preparation of gametes and tissues 
Twenty-one- to 24-day-old B6CB (C57BL/6JLac X CBA/CaLac) Fl 

hybrid mice were primed with peritoneal injection of 7.5 IU of preg-
nant mares' serum gonadotrophin (PMSG). Forty-eight hours later, 
fully grown germinal vesicle (GV) stage oocytes were released into 
phosphate-buffered saline with 1 mg/ml polyvinyl alcohol (PBS+PVA) 
by puncturing the antral follicles of ovaries with a sterile needle. The 
GV stage oocytes were denuded of cumulus cells by pipetting through 
a fine-bore pipette. For mature metaphase II (M2) oocytes, mice were 
superovulated 44-52 h after PMSG by peritoneal injection of 5 IU 
human chorionic gonadotropin (hCG). Oocytes were released from 
the ampullary region of the oviducts at 14-15 h post-hCG into 
PBS+PVA and the cumulus cells were removed with hyaluronidase 

[7]-
For mRNA isolation the zonae pellucidae were removed by a brief 

incubation in acid Tyrode's solution followed by several washes in 
PBS+PVA. This was necessary to avoid any contamination with at-
tached cumulus cells. The oocytes were frozen immediately in liquid 
N2 with a minimal quantity of medium and stored at —70°C. 

Whole-mouse brains and ovaries were excised from the animals 
used for oocyte collection. The tissues were washed in ice-cold 
PBS+PVA and snap frozen in liquid N2. Frozen tissues were crushed 
in a mortar and pestle before extraction of mRNA. 

2.2. Isolation of mRNA, cDNA synthesis and PCR 
mRNA was extracted from oocytes, ovary and brain using a Micro-

FastTrack Kit (Invitrogen) version 2.2. At least 400 oocytes were used 
for mRNA extraction. Before first-round cDNA synthesis it was nec-
essary to DNase treat mRNA using 6 IU DNase, 6 IU RNase inhib-
itor and 9 uM MgCt, with incubation at 37°C for 1 h. DNase was 
inactivated by incubation at 95°C for 10 min. cDNA was synthesised 
using a cDNA Cycle Kit(Invitrogen) version 3.2. First-strand cDNA 
synthesis was made using random primers and AMV Reverse Tran-
scriptase. For each preparation of cDNA, a negative control was 
made without reverse transcriptase in the reaction mixture. 

Primers were designed (St. George's Oligonucleotide Synthesis Serv-
ice) for individual PKC isoforms (Table 1, [8-11]). Amplifications 
were done with a Perkin-Elmer thermal cycler set for 45 cycles. After 
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an initial denaturation step 94°C for 3 min, the cycle consisted of 
58°C annealing for 1 min, 72°C extension for 2 min, 94°C denatura-
tion for 30 s with a final extension step for 10 min. In addition to 
primers for individual isoforms primers were designed for the ATP-
binding site and the cysteine-rich region in C2 of the PKC sequence. 
For these primers annealing was performed at 50°C for 0.5 min with a 
72°C extension for 1.5 min. Other conditions were identical to isoform 
primers. For each isoform the PCR reactions were repeated at least 
three times and the average number of repeats was five. PCR frag-
ments were analysed by electrophoresis on a 1.5% agarose gel and 
DNA was visualised by ethidium bromide staining. 

anti-PKC Mabs (Transduction Laboratories, Kentucky) at 4°C. Pro-
tein was detected using an Amersham ECL system following incuba-
tion with a horseradish peroxidase-conjugated secondary antibody 
(1 : 1000 dilution, supplied with the ECL Kit, Amersham). Positive 
controls were run for each experiment: for PKC-8, mouse macro-
phage cells (1 ug protein per lane, Transduction Laboratories); 
whole-rat brain (1 (j.g, Transduction Laboratories) and whole-mouse 
ovary (1 |j,g); for PKC-^., HeLa cell lysate (2 |ig, Transduction Labo-
ratories) and mouse ovary (1 ug). Images were then scanned into 
Aldus Photostyler version 2.0 using a deskscan. 

2.3. Cloning of PCR products and DNA sequencing 
PCR products were ligated in to a linearized PCR 2.1 vector sup-

plied in a TA Cloning Kit (Invitrogen) and transformed into One 
Shot competent cells of Escherichia coli. Positive clones were selected 
and grown overnight in L-broth containing 50 ug/ml ampicillin. DNA 
was extracted using a Wizard Minipreps DNA Purification Kit 
(Promega). The insertions were analysed by a restriction analysis us-
ing EcoRl. Sequencing reactions were carried out from the DNA 
having correct insertions by using a T7 Sequencing Kit (Pharmacia 
P-L Bio Chemicals). 

2.4. Western blotting 
SDS-PAGE was performed on 10% polyacrylamide BioRad mini-

gels [12] and the separated proteins were transferred onto immobilon-
P membrane. About 1 u.g of oocyte protein was loaded per lane, 
which corresponded to about 400 oocytes. Immobilin membranes 
were blocked with 3% BSA in 20 mM Tris-HCl, pH 7.6, 136 mM 
NaCl with 0.1%o Tween-20 before overnight incubation with 0.2 ug/ml 

3. Results and discussion 

rtPCR was used to establish which isoforms of PKC were 
present in mouse oocytes. Primers were designed in order to 
amplify individual members of the PKC family (Table 1) for 
cPKC-a, -P, -Y, nPKC-5, -e, -r|, -G, and aPKC-A,, -£. All prim-
ers gave PCR products of the predicted size using mouse brain 
(data not shown). GV stage oocytes were used initially, de-
nuded of any contaminating cumulus cells and with their zo-
nae pellucidae removed. This was in preference to mature M2 
oocytes because almost half of the total oocyte mRNA is 
degraded during maturation [13]. Using rtPCR on GV stage 
oocytes only mRNA for PKC-S and -X were detected (Fig. 
lAa') while no PCR products for cPKCs (Fig. lAa') or PKC-
e, -T|, 0 and -C, (data not shown) were found by this technique. 

Table 1 
Primers used for rt-PCR 

PKC 

c 
cPKC and 
nPKC 

Primer 1 

Primer 2 

Primers 

TGAATCCTCAGTGGAATGAGT 
GGTTGCTTTCTGTCTTCTGAA 
CCCGAAGGAAGCGAGGGCAATGAAG 
AGTTCATCTGTACCCTTCCGCTCTG 
CGGGCTCCTACGTCGGATGAG 
GCAGGCGTCCTGGGCTGGCACC 
CACCATCTTCCAGAAAGAACG 
CTTGCCATAGGTCCAGTTGTTG 
CATCGATCTCTCGGGATCATCG 
CGGTTGTCAAATGACAAGGCC 
AGCTAGCCGTCTTCCACGAGACGC 
GGACGACGCAGGTGCACACTTGG 
TTGATCTTTCCAGAGCCACG 
CTTCGCATCTCCTAGCATG 
CGTTGGGAGCTCTGACAATC 
ACCTGCTTTTGCTCCATCATG 
CGATGGGGTGGATGGGATCAAAA 
GTGTTCATGTCAGGGTTGTCCG 

ACCTTCTGTGACCACTGT 
CTTGCCAAAGCTGCCTTT 
ACCTTCTGCGACCACTGT 
CTTCCCAAAACTGCCTTT 

Position 

818-838 

1122-1142 
910-934b 

1112-1136 

832-852 

1354-1375 

883-903 

1213-1234 
577-598 

1288-1308 

307-330 

668-690 

1515-1534 

1675-1693 

1371-1390 

1590-1610 

728-750 

1387-1408 

EMBL 
accession" 

X52685 

X59274 b 

L28035 

M69042 

M18331 

M62980 

D11061 

D28577 

M94632 

Fragment Size 
(bases) 

324 

227 

543 

351 

732 

383 

178 

239 

680 

Ref 

[8] 

[9] 

[8] 

[8] 

[8] 

C 

[10] 

c 

[8] 

cPKC 720-760 
nPKC 300-500 
cPKC 720-760 
nPKC 300-500 

[11] 

[11] 

a. all accession numbers refer to those on the EMBL database, and are sequenced from mouse, except for PKC-s which is rat. 

b. Position and EMBL accession number refer to PKC-pi. The size of the PCR product is identical for PKC-P2. 

c. Designed by authors. 
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Fig. 1. PKC in mouse oocytes using rtPCR- and isoform-specific primers. (A) PKC-a, -|3, -y, -8 and -X expression in: (a') GV stage immature 
oocytes; (b') mature M2-arrested oocytes; (c') whole ovary. Only PKC-8 and -X were detected in oocytes, while PKC-a and -P were in whole 
ovaries. (B) Two pairs of PCR primers (1 and 2) to the calcium-binding domain and the ATP-binding site give both high- (cPKCs) and low-
weight (nPKCs) PCR products in mouse brain but in oocytes give only low-weight PCR products (assumed to be PKC-8). (+) with reverse 
transcriptase, (—) without reverse transcriptase in the preparation of cDNA. Each lane represents the results of at least three separate cDNA 
preparations. 

The PCR products for PKC-8 and -X, which were of the 
correct size as predicted by the PKC isoform base sequence, 
were confirmed to be PKC-5 and -X by sequence analysis of 
inserts when cloned in E. coli. The cloned fragments of PKC-5 
and PKC-^. both showed a 98% homology to their published 
respective sequence (EMBL database). These small differences 
were presumably due to Taq polymerase misreading. 

It is feasible that mRNA for the PKC isoforms not detected 
in GV stage oocytes are transcribed only during the latter 
stages of maturation, shortly before fertilization even though 
there is a net decline in total poly(A) RNA. The PKC profile 
was examined therefore in mature M2 oocytes by rtPCR to 
determine if there was any change. However, the PKC profile 
obtained was the same as for GV stage oocytes with respect to 
the presence of PKC-8 and -X but not cPKCs (Fig. lAb') and 
also the absence of PKC-8, -r|, -9; -C, (data not shown). 

The fact that no cPKCs were detected in oocytes allowed 
the oocyte preparations to be easily assessed for contamina-
tion from other cell types, notably ovarian follicular cells. 
Mouse ovary contained PKC-a and -p but not -y (Fig. 
lAc')- This confirmed that the oocyte preparations were free 
from somatic contaminants such as follicular cells. It is also in 
agreement with the finding of PKC-a and -|3 in rat ovarian 
tissue [14]. 

The results suggest that oocytes do not have cPKCs, a 
property that appears different from somatic cells which gen-
erally have at least one type of cPKC. As a consequence it 
was necessary to corroborate this observation by using an 
alternative strategy. Two pairs of PCR primers were designed 
to the cysteine-rich zinc finger domain and the ATP-binding 
domain of PKC (Table 1). All cPKCs and nPKCs contain 
these regions and therefore should be detected by this techni-
que. cPKCs contain the C2 Ca2+-binding domain which is 
lacking in nPKCs making cPKC PCR products larger (720-

760 bases) than those of nPKCs (300-500 bases). This techni-
que has been used successfully in cardiac cells to discriminate 
cPKCs and nPKCs [11]. Using the two pairs of PCR primers 
both the larger cPKC and smaller nPKC PCR products were 
observed in brain (Fig. IB). However, in oocytes only one 
band of 350 bases was seen. This is most probably PKC-8 
which is predicted to give a 356 base PCR product [11]. 
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Fig. 2. PKC-8 and -X protein in mouse oocytes. (A) PKC-8 was 
seen as a doublet in GV stage oocytes at 74 and 76 kDa. (B) PKC-
X appeared as a single major band at 71 kDa. 
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PKC-A, being an a P K C , is not amplified by these primers, 
since it lacks the correct sequence in the zinc finger domain. 

Having shown that oocytes only contain detectable 
amounts of m R N A for PKC-5 and -A,, these isoforms at the 
protein level were examined. For both immature oocytes (Fig. 
2) and mature oocytes (not shown) PKC-8 and -A proteins 
were observed. PKC-8 appeared as a doublet at 74 k D a and 
76 k D a while PKC-A. was a 71 k D a protein. Both monoclonal 
antibodies to PKC-5 and -A detected lower molecular weight 
proteins. These were assumed to be a products of P K C deg-
radat ion as has been observed in other studies by Western 
blotting [15,16], but these smaller proteins were not examined 
further. Protein for PKC-oc, -|3 and -y was not detected in 
oocytes, using Westerns based on up to 1000 oocytes (not 
shown). 

It remains possible that cPKCs, not detected by r tPCR or 
Western blotting techniques are present in oocytes, at a level 
below the sensitivity of the assays. Their detection in brain 
and in ovary by r tPCR could be due to these tissues having a 
larger amount of m R N A for these isoforms, al though it was 
not possible to detect cPKCs using a technique distinguishing 
them from nPKCs , which were readily discernible. The num-
ber of 400-1000 oocytes used here for Western blotting is 
greater than the 50 needed for detection of cdc2, cyclin B l , 
cdc25 and weel in mouse oocytes by E C L [17] and the 80 
needed for the IP3 receptor in hamster oocytes [18] but less 
than the 5000 needed for detection of the ryanodine receptor 
[19]. It is therefore plausible that oocytes do contain cPKCs at 
a very level below that of the predominant isoforms of PKC-8 
and -A. 

In conclusion it has been shown that the only two PKCs 
capable of detection in mouse oocytes, both immature GV 
stage and mature M2 arrested, are PKC-8 and PKC-A,. It 
now needs to be determined what are their respective roles 
at fertilization. In mouse oocytes phorbol ester addition 
mimics addition of Ca 2 + ionophore in the pattern of proteins 
phosphorylated very early after activation [20]. The present 
results suggest that this rise in cytosolic Ca 2 + must activate 
P K C indirectly since both PKC-5 and -A have no Ca 2 + -bind-
ing domain. This may be through switching on of phosphati-
dylcholine-specific phospholipase C and phospholipase D 

which have dependency on Ca 2 + for activity and generate 
D A G in a wide number of cell types [21]. 
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