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Xenopus laevis oocyte Ga subunits mRNASs

Detection and quantitation during oogenesis and early embryogenesis by
competitive reverse PCR
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The e¢xpression of mRNAs coding for dilferent Xenopus laevis oocyte Ga subunils was analyzed by the PCR technique. Using the nucleotide
sequences of five previously cloned ¢DNAs for ooeyte Go subunits [FEBS Letl. 244, 188-192, 1989; FEBS Lett. 268, 27-31, 1990] and the highly
sensitive reverse PCR reaction we found that Gao, Gai-1, Gei-3 and Gos species are present in eocyte stage VI, Gro mRNA being the most
abundant transeript. Gao mRMNA was further gquantitated through oogenesis, unfertilized epgs and early embryagenesis stages by a competitive
PCR reaclion using an ‘in vitro® deleted Gao mRNA as the internal standard. Using this approach we found that Xeuopes Gxo mRNA levels were
conslant during cogenesis and unfertilized eags a1 a concentration of 3.5 pg of mRNA/stage (5 x 10* molecules) and diminish gradually during
early embryogenesis, reaching a level of 0.3 pg in the gastrula stage. These findings show that oocyte Gae, and perhaps the rest of the a subunits,
are expressed as malernal mRMAs and could play an imporiant role in signal transduction at the beginning of oocyle cell differcntiation.

G-protein; o subunit; Signal transduction; Qocyle; Xenopies lgevis; PCR

1. INTRODUCTION

The first embryologic studies on amphibian oocytes,
especially in Xenopus laevis, were mainly concentrated
on the analysis of morphologic changes that take place
during growth, maturation, fertilization and embryo-
genesis of the oocyte [1-3]. Later Xenopus lacvis oocytes
were used to study the mechanisms that govern cell
division and gene expression [4-9]. From these studies
it was found that maturation and fertilization can be
initiated by the action of steroid hormones (progester-
one), musecarinic ligands (acetylcholine), insulin and
growth factors [10-15], and that the initial responses of
oocytes to these molecules are modulated by different
signal transduction systems [14].

Today it is known that Xeropus laevis oocytes contain
at least two well-characterized signal transduction sys-
tems regulated by G-proteins: adenylyl cyclase and
phospholipase C {16-26). Both enzymes are present in
the plasma membrane of the oocyte and are sensitive to
different ligands.

Adenylyl cyclase can be inhibited by progesterone by
an unusual mechanism that is responsible for the induc-
tion of the meiotic maturation process [16,17]. The in-
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hibitery effect of progesterone is GTP-dependent, re-
quires the participation of a G-protein, but this inhibi-
tion is not sensitive to the action of Perfussis toxin,
which generally dampens the effect of Gi-mediated inhi-
bition [18-21]. Cocyte adenylyl cyclase ean also be acti-
vated by different Gs stimulaters such as Gpp(NH)p,
aluminium fluoride and Cholera toxin [18] and all these
effects can be inhibited by progeste.viie through a
mechanism in which the steroid hormone could be inter-
fering with the activation of Gs [20,22). It is of interest
to peint out that the inhibitory effect of progesterone
only takes place in oocytes stage 11l [24].

Acetylchoiine potentiates the action of progesterone,
acceleraiing the maturation process. The muscarinic
ligand increzses the cytosolic levels of inositol 1.4,5-
trisphosphate (IP,) through the activation of phospho-
lipase C by a not well characterized G-protein [26]. IP,
causes release of cytosolic Ca® from endogenous stores
and finally Ca** causes the opening of Cl” channels and
membrane depolarization. Recently we have cloned an
oocyte muscarinic receptor that could be mediating this
response (Olate et al., manuscript in preparation).

All these findings suggested the presence of different
G-proteins in Xenopus oocytes and recently we have
confirmed this by the cloning of five different cDINA
encoding for Gawo, Gai-1, Gai-3 and two different Gas,
from a siage-Vi cDNA oonyte library {27,28]. We have
expressed these proteins in different systems and char-
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acterized some properties of these recombinant G sub-
units (J. Olate, unpublished results).

Different groups have shown that during early em-
bryonic development inductive interactions between tis-
sues depend on signal transduction processes. For ex-
ample, protein kinase C and cAMP signal transcductions
pathways ar¢ involved in mediating neural induction
[29-32]. G-proteins are also participating in the early
development of higher organisms and complex changes
in the temporal and spatial expression patterns of Ga
subunits occur during mouse and Drosaphila develop-
nent [33,34]. Using antibodies against the Gzo protein,
it was shown that the protein was expressed in the em-
bryos of amphibia Plerrodeles waft! [35% In Xenopus
laevis oocytes, fertilization is a Pertussis toxin-insensi-
tive event [36] and important additional clues about
G-protein function in early development come from
studics in the Drosophila fruitfly [37]. Therefore it would
not be surprising if G-proteins are playing important
roles in embryogenesis.

In this report we expand our research studying the
expression of the Go genes during Xenopus oocyte
oogenesis, cocyte maturation and early embryogenesis,
because differential expression of these mRNAs could
lead the oocyte to respond to different ligands through
the stages already mentioned in different ways,

2. MATERIALS AND METHODS

2.1, Rudiochemicals and bivefremicals

[&-**PWATP and [e-"PldCTP (3.000 Ci/mmol) were [tom Amerse
hamn. Restriction enzymes were ltoin Bochringer Mannheim, Bethesda
Research Laboratories (BRL) and Promega Corporation. AMY re-
verse transeriplase and Tuq Polymerase were from BRL. RQ1 DNMase,
RNasin and pGEM- 3 vector were from Promega, Calf intestinal phos-
phatase (CIP) and T4 DNA ligase were from Strulagene, Other gen-
eral reagents were from Sigma, Dilco and Fluka companies.

2.2, Construction of the pGEM-3/Gaodl29 vector

The ¢DNA coding for Xenopuirs oocyte Gao [27] was subeloned in
the vector pGEM-3 and the recombinant plasimid, containing the Gao
cDNA in the right orientation with respect to the T7 RNA promater,
was digested with Aecl to eliminate a 3° terminal fragment conlaining
an undesired Xbal site, The purified linear form of the plasmid was
religated and turther digested with Xbal and Hpal to creale a deletion
of 129 base pair fragment within the 3" non-coding region. The resul-
1ant purified linear form of the plasmid wis subjecied to 3 end filling
in with Klenow (ragment and religated ta fnally give the pGEM3/
Gxodl29 vector. This vector was used ds templute 1o produce the
deleted form of the Goo mRNA by an in vilro transcription reaction
and used during the quantitation atalysis.

2.3. Primers used in Hie reverse PCR reaction

Primers wereall 21- and 22-mer, contained o G+C contetit between
50 and €0%, lacked 3’ complemeniarity and amplify 3‘ nan-coding
repions of Ge mRMNAs, except for the 1wo Gas clonas. The following
pitir of primers were used to amplify each mRNA: Gao, 5-ACACTG-
CATGTGCCAACACGC-3 und S-ATCCACCTTCCAGCAGG-
GTAC-; Gai-l, 5~GATTCTTGATGAACAGCGGACC-3’ aml 5
CAGAATAAGGCAGCATGCATGC-3"; Gai-3, 5-ATAAGCCAC-
GACTUGUITGGCG-3" and 5-AGACAGGAAAGCATGCAGA-
GE-3, Gus(12B2), 5'-ACACCAACAGACTCCAGUGAAG-3" and 5'-
TCTCTOTCCACTGCACATGTG-3". Gas(6Al). 5'-TCTGCTGCT-
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CGGTGCTGGAGA-Y and 5-GCTGGTACTCGTTIGCATCGCT -
3, Underlined oligos correspond to the aniisense primers used in the
synthesis of eDNA. Fig. | shows in detail the regions to be amplified
by each pair of primers for the different coeyle Ga mRNAs.

2.4, Lolaiion af different aacyie and embryo siages

Adult Xenopus laevis females were unesthetized by hypothermia and
the ovary was removed surgically. Defolliculated ococytes were ob-
1ained from collagenase-treated ovaries as described [18] and sepa-
rated into the different stages under microscopy. Embryos from vari-
ous stages were harvested using morphologic criteria as described by
Nieuwkoop und Faber [1] and frozen at =80°C until used,

2.5, Gbtention of total RNA

Total RNA was extracled from defolliculated oocyles and embryos
by using the method described by Sambrook et al. [38]. RNAs were
stored at —80°C in 100% cthanol until their use.

26. I viirg synthiests of Gaodl 29 mRNA

Vector pGEM-3/Guo4) 29 was digested with HindIIl and 10 yp of
the linear DNA templale subjected to an in vitro transcription reaction
that contained 40 mM Tris-HC) pH 7.5, 6 mM MgCla, 2 mM spermid-
ine, 5 mM NMaC]J, 10 mM DTT, 100 ug/ml of BSA, 500 uM of each
rNTDs, 500 Ul of RMasin and 500 U/l of T7 RNA polymerase.
The mixture was incubaled | h at 37°C and the remanent DNA
plasmid template was digested by the addition of 10 units of DNuse
Q for 15 min at 37°C. mRNA was extracted, precipitated and finally
stered at =30°C in 100% ethanol at a concentration of 1 ug/ml,

2.7, Reverse PCR reaction

(a) Firststep. The synthesis of the cDNA was done in & volume of
20 4l conlaining variable amounts of total RNA (see Agure legends)
from different oocyte and embryogeiesis stages, 500 #M of each cold
dNTPs, | 4™ of the aulisense primer, 1 x PCR buffer (50 mM Tris-
HCI pH 8.2, 1.5 mM MgCl,, 50 mM KCI, and 0.001% gelatin), 1 U
of RNasin and 0.2 U of reverse transeriplase. The mixture was incu-
bated | b at 37¢C and then the reaction was stopped by incubation
al 100°C during 3 min.

(h) Secand step. The PCR reaction was done in a volume of 100 ul
conlaining 20 ul of the reverse (runscription reaction (first step) and
80 ul of & PCR muster mix (1 x PCR buffer, 200 uM of each dNTPs,
5 uCi of [&-**PdCTP and [¢-*PIdATP, 0.2 #M of antisense and sense
primers and 0.2 U Taq polymeruse) and 50 ¢l of mineral oil, Samples
were amplified by 25 eycles at 93°C for 305, 72°C for | min, und 55°C
for 30 5. Aliquols of 10 #1 of each reaction were subjected to ¢lectro-
phioresis on 29% Nusieve-1% Agarose gels. For autoradiography gels
were dried and exposed [or different periods of time with Kodak
X-0Omat AR films.

2.8. Quaniitative reverse PCR

Quantitalion was done according (o Gilliland el al. {39] with some
modifications. Normally, 2 gg tolad RMNA from different oocyle and
embryo slages, were mixed with Increasing quantities of the deleted
GooAi29 internal standard mRNA and boih species of RNA were
amplified as described previously. The quantitation was done through
a densitomelric analysis of autoradiographic films and the iniensities
of Lhe bands were graphically plotted to oblain the respective calibra-
tion curves [39].

3. RESULTS

3.1. Detection of G mRNAs in stage VI oucytes by the
reverse PCR reacrion

Fig. 2 shows the PCR products obtained when 3 ug

of total RNA from stage VI oocytes were amplified with
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Fig. 1. Struciure of Xenopus oocyte mRNAs and DMNA regions 1o be amplified by the reverse PCR reaction. Coding regions are reprasented by

empty large boxes. 5- and g’-non-coding regions are represented by thin lines. Regions amplified are flanked and delimited by a pair of arrows

which represent the sense ([~ and antisense () primers, The sizes for the main PCR products and restriction fragments are indicated below each
sraplified region.

the respective pair of primers for each Ga subunit and
analyzed by ethidium bromide staining (part A) and
autoradiography analysis (part B). All ive Ga tran-
scripts could be detected and the size of the PCR prod-
ucts correspond to the predicted sizes shown in Fig. 1,
indicating their presence in mature ooecytes. Another
important observation from these results is the Fact that
the quantity is different for cach of them, Gao being the
most abundant species and Gas{(¢A1) the less abundant
species,

In order to demonstrate that each PCR product cor-
responds specifically to each amplified Gz mRNA, the
labelled PCR products were digested with restriction
enzymes thal cut once within each fragment and the
digestion products analyzed through agarose gels. Fig.
3 shows that each PCR product contains the expected
restriction site and the digestion products the expected
sizes shewn in Fig. 1, confirming the identity of the
amplified mRNAs. Both Gas and Gao PCR products
were in some degree resistant to the action of EcoR1 and
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Fig. 2. PCR detection of Ga mRNAs. 5 yg total RNA from slage-V]

oocyles were subjected o PCR amplification with the corresponding

puir of primers. PCR products were analysed by agarose gels and

ethidium bromide slaining (part A) or autoradiography of labelled
products (part B).

this can be due to the production of single-strand spe-
cies by asymmetric amplification.

The sensitivity of the method was determined ampli-
fying Gaxo mRNA from decreasing amounts of total
RNA. As shown in Fig. 4, Gao mRNA can be detected
when as little as 500 ng of total RNA is used (part A)
and this level can be lowered to 6 ng when the analysis
is done using labelled PCR products and subsequent
autoradiography (part B). This represents an advantage
over other RNA detection methods, like Northern and
dot blot analysis, which normally need much more total
BENA and much longer exposure times,

3.2. Quantitation of Gao mRNA through aogenesis and
early embryo stages

Based on the facts that Gae has been proposed 1o

participate in the transduction of muscarinic signals and
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initiate different events in the oocyte [40] and that it is
the most abundant transcript in mature oocytes, we
decided to quantitate Gao transcripts in all oocyte
stages (I-V1), eggs and earlier embryo steps.

We used the highly sensitive quantitative reverse PCR
reaction in which a known amount of the deleted Xen-
opus Gao mRNA is used as an internal standard that
can be amplified equally well as the endogencus Goo
mRNA in the same tube with the same primers, but the
PCR products of which could be distinguished by their
different size. Fig. 5 shows the quantitation curves done
for stage 1 to stage VI oocyte total RNA (part A) and
the corresponding plots of the ratio of the signal inten-
sities of the Gaod129 internal standard/Xenopus Gao as
a function of the amount of deleted internal standard
mRNA (part B). We determined that Xenopus Gao
mRNA is present in all oocyte stages analyzed, at con-
centrations that varied between 9 and 1 attomol of Gao
transcript per 2 ug of total RNA. These values were
adjusted and expressed as function of total RNA con-
tents per oocyte stage [41). Table I shows that this
amount was constant through all oocyle stages and
moves between 3.2 and 3.75 pg of Gazo mRNA/oocyie,
corresponding to about 500,000 mRNA copies. Using
the same approach we have done the quantitation dur-
ing maturation and early embryogenesis and we found
that Gao mRNA levels did not vary during maturation
but decrease gradually during the early embryo stages
analyzed, reaching a level of 0.68 pg at the blastula stage
(Table I).
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Fig. 4. Gao mRNA detection from differant amounts of total RNA,
Different amounts of total RNA {rom stage-V] cocyies werce subjected
to PCR amplification with the pair of primers for Gxo. PCR products
were analyzad by agarose gels and ethidium bromide staining (part A)
or autoradiography of labeled products (part B). The black arrow
indicates the size of the Gao PCR product {226 base pairs),

4. DISCUSSION

The function of Gao in oocyte maturation and early
embryogenesis in Xenopus is unclear. Acetylcholine
administered to Xenopus oocytes stimulates the matura-
tion process triggered by progesterone, but the muscar-
inic ligand by itsell does not have any effect, This phe-
nomenon is clearly pointing in the directicn of some
kind of crosstalk between cAMP and the phosphatidyli-
nositol pathways. We recently identified cDNAs encod-
ing a Gao subunit and a receptor for acetylcholine
(Olate et al., manuscript in preparation) [27]. These

—
Fig. 5. Quantitation of mnRNA of Xenopus Goro during oogenesis. Part
A shows when serial dilutions of the internal standard Xenopus Gao
mRNA and 2 ug of total RNA [rom different cocyte stages were
subjected to the reverse PCR amplification reaction. 10 g of each
reaction was analyzed by agarose gels and the labeled PCR products
visualized by autoradiography. Black arrows indicate the equivalence
point beiween both PCR products {226 and 97 base pairs), Part B
shows the respective plots corresponding to each quantitation and the
broken lines indicate the amount of mRMA present in each stage

extrapolated from ratios 1:1.

FEBS LETTERS

PCR Protuct Ralie
Cpol :’Blun

B }_ Stages |+

0] Stage I¥

4 [}
[+} 9% 10 1.5 2@ o a5 1.0 1.5 249

November 1592

2pug Total RNA

N A
J e o o & s S b 8 .8
o 1:2 Dilutions  ,9°

Ny

Y mom-
I

. e HNER AR oA -

s &5 @& 8 s 8 & ® 8_»

&
-
(W]
o
S > 1:2 Dilutions quo
[ ] o
m : .
] o e
z R A E ¥ LY W
B 1V -
E - A A L o
g e . & & 9 @ . . o o
e ~° 1:2 Dijutions o2
] X
[+}]
g - ,
\'}
- e T
[ ] [ ] [ ] L Y ° ® . . .
n° 1:2 Dilutions P
o
L 4
Vi
”O””M RS R O
e ¢ ¢ & o © & ma ® .8
N 1:2 Dilutigns Qpl'b

attomol uom 29/assay

2pg Stago-3apecitic tolal ANAraseay

| S1age Wi

2.0

attomal ugal28 eRNA/assay



Yolume 313, number 3

Table 1

Gao mRNA quantitution during cogenesis, maturation and early
embryogenesis

Stage pe Gzo mRNA/slage
Gocyle
1-11 375
11 3.61
A% 380
v-vi 3.20
Maturation 328
Embryo
4 cells 311
8 cells 300
16 cells 2.23
32 celis 2.70
Marula 0.93
Blastula 0,68

findings have confirmed previous electrophysiologic
studies showing that musecarinic receptors are present in
developing oocytes and that phospholipase C is the en-
zyme probably regulated by Geato in response to ace-
tylcholine {42,43]. All these suggest a crucial role for
Goo during these early stages of development.

In this work we started to study the expression of
different Ga subunits during early development of Xen-
apus oocytes and especially we focused our attention on
Gao. The finding that all Go transcripts are present in
stage Y-V1 oocytes indicate that they are transcribed
very early during cogenesis, maintained through the
rest of oocyte stages and in hormone-matured oocytes.
Using the highly sensitive reverse PCR technique we
have shown that Gao mRNA was maternally expressed
and that a Xenopus oocyte contains about 3 % 10° cop-
ies. It has been shown, also in Xenopus oocyles, that
important genes like the protein factors insulin, TGFB,
PDGF, bFGF, and myoD, and proto-oncogenes like
¢-ras, c-myc, ¢-mos, c-ets=2, ¢-rel and raf [13,44-53] are
expressed in a simmilar way and it js known that the
expression of these genes is necessary for normal em-
bryo development.

Localized maternal RNAs play importani roles dur-
ing early embryogenesis and their protein products
might turn on signals on just some regions of tlie oocyte
or the embryo. Recently Otte et al. [54] have shown that
overexpression of Xenopus Gao inhibits the normal dis-
appearance of the blastocoel during gastruiation, sug-
gesting a role for this protein in regulating this process
through the phosphatidyl inositol cascade.

The work we have reported here represents the first
simultaneous analysis nf the expression of different Ga
subunits in & single germ-line type of cell, making it
possible to further study the role of each of these Ga
subunits in early embryogenesis.
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