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Summar I [3H]-guanosine-labelled RNA isolated from l-cell mouse em- d -3 hours after fertilieation was digested with a mixture of 
RNase A, and ribonucleases T1 and T2 followed by nucleotide pyro- 
phosphatase, Radioactive 7-methylguanosine-SD-phosphate and Gp 
were present in the digest with a high ratio of the former to the 
latter. This result suggests that the nouse ovum contains a store 
of mRNA which is made available for translation immediately after 
fertilization by the addition of 7-methylguanosine to the 5'-termin- 
US* The presence of the Gp in the digest shows that guanosine is 
incorporated into internal positions in the RNA, and may mean that 
RNA is synthesized for a short period after fertilization. 

It is unclear at present if transcription of the embryonic 

genome occurs throughout pre-implantation development of the mam- 

malian embryo. Inhibitors of RNA synthesis can prevent cleavage 

of rabbit embryos at the 2-cell stage of development, and mouse 

embryos even earlier, at the l-cell stag. (1, 2). These observa- 

tions indicate that synthesis of new RNA is required at all stages 

of mammalian embryogenesis, in contrast to echinoderms where early 

embryonic development i8 dependent on maternal mRMA (3, 4). How- 

ever, attempts to demonstrate RNA synthesis throughout the clea- 

vage stages of mammalian embryogenesis have not been successful 

suggesting that RNA synthesis does not occur at all stages of em- 

bryonic developmen%. Thus, although rabbit and mouse 2-cell em- 

bryos incorporate [3H]-uridine in vitro into heterogsnous RNA (5, -- 

6), the mouse 1-csll embryo incorporates very little !3H1-uridine 

Abbreviations: 7-methylguanosine, m?GI 7-methylguanosine-5'-phos- 
phate, pmr/G; human chorionic gonadotrophin, HCG. 
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into TCA insoluble material, and efforts to characterize the f3H]- 

uridine-labelled material as RNA have been unsuccessful (6-11). 

On the other hand [3H]-adenosine and 13'P]-phosphate are readily 

incorporated in vitro into TCA insoluble material by the mouse l- -- 

cell embryo; here also [ 32Pl-phosphate-labelled RNA has not been 

detected in labelled embryos (12). The mouse l-cell embryo also 

incorporates [3H1-guanosine into TCA insoluble material, but does 

so at a lower level than [ 3 HI-uridine and with different kinetics 

(10). Whereas, [3H]-uridine is incorporated at a constant low level 

from the time of fertilization until the onset of pronuclear DNA 

synthesis, [3Hl-guanosine incorporation drops from its relatively 

high level immediately after fertilization to a much lower level 

3-4 hours later and remains at this very low level until pronuclear 

DNA synthesis. This communication reports studies on the utiliza- 

tion of [3H1-guanosine by the mouse l-cell embryo during the period 

l-3 hours after fertilization. 

MATERIALS AND METHODS 

Collection and culture of mouse ova: Virgin random-bred Swiss 
female mice 7-12 weeks old were superovulated by intraperitoneal in- 
jection with pregnant mare's serum and HCG 46-48 hr later. Immedi- 
ately after the second injection each female was placed with a male 
(Balb CJ X C57 BL/6J) and checked for the presence of a vaginal plug 
next morning. Mated females were sacrificed 16 hr post HCG and the 
ova collected as described (10). Washed ova were incubated at 370 
with gentle a itation 17-19 hr post HCG in Whitten's medium con- 

8 -[5HJ-guanosine at 500 uCi/ml and 1% dimethyl sulfoxide 
?$t$iously described (10). Approximately 50$ - 6O$ of the ova 
were pronuclear after the incubation period. 

Isolation of labelled material: After incubation, fertilized 
ova were washed 4-6 times with medium containing 0.1 mg/ml guano- 
sine and transferred to 0.1 I Tris - HCl, pR 7.2, 1% SDS contain- 
ing 20 pg yeast tRNA. The suspension of embryos was repeatedly 
frozen and thawed, the lysate adjusted to pIi 5 with 20% sodium 
acetate, pH 5, and the labelled product precipitated with 2 vol- 
umes of ethanol at - 20°. The precipitate was collected by cen- 
trifugation at 4O, redissolved in Tri8 - HCl, pH 8, and reprecipi- 
tated with ethanol in the presenee,of GTP.and GDP. When the solu- 
ble fraction was required, SDS was omitted from the lysing buffer. 
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Figure 1. Thin layer chromatography of [3H]-guanosine nucleot'des 
present in mouse l-cell embryos. The soluble fraction from 3 [ HI- 
guanosine-labelled mouse l-cell embryos was chromatographed together 
with marker8 on a PEI-cellulose sheet in solvent B. Radioactive 
spots were located by cutting the chromatogram into 0.5 cm strips 
and eluting the strips with a solution of 0.3 M IX1 in 0.05 M ace- 
tic acid and 7 M urea before scintillation counting. 

Enzyme digestion: The labelled precipitate wa8 incubated with 
self-digested pronase (nualease free, Calbiochem), 100 Erg/ml in 
Tris - HCl, pH 7.6 for 2 hr at 37', and the digest extracted with 
phenol - chloroform as described by Perry et a. (13). Phenol was 
removed from the aqueous phase with ether and the aqueous layer in- 
cubated for 8 hr at 370 with the ribOnUcleaSe8 T (25 units) and T2 
(20 units), ribonuclease A (10 .ug) and 2.5 mM ED*A in 50 mM sodium 
acetate, pH 5. The pH of the digest was brought to 7.5, MgC12 added 
to 10 mM, and incubated for a further 45 min with 50 pg CTP and nu- 
cleotide pyrophosphatase (0.05 units). 

Chromato8raDhyr Thin layer chromatography was performed on PEI- 
cellulose sheets 
3.41 B, step formate 

. Solvents were1 A, 0.5 M phosphate, pH 
)I C, 1 M LiClr D, 0.15 M sodium borate - 

0.5 M boric acid. After chromatography the positions of marker nu- 
clcotides were determined with a U.V. lamp, the radioactivity elu- 
ted with 0.05 M acetic acid - 7 M urea-O.3 M LiCl and measured by 
scintillation counting in a toluene based scintillation mixture 
containing BBS3 (Beckman) emulsifier. 

RESULTS AND DISCUSSION 

Since adenosine is readily incorporated into TCA insoluble ma- 

terial (10) the pOS8ibility that the low incorporation of L3H1- 
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guanosine is due to conversion of guanine to adenine and the sub- 

sequent incorporation of this base into TCA insoluble product8 wa8 

explored. Thin layer chromatography in solvent B of supernatants 

from embryo lysates 8hOWed that four radioactive component8 were 

present (fig, 1). Three of these were identified a8 CTP, GDP and 

GMP which were present a8 internal marker8 , and the fourth had the 

8ame Rf a8 guanosine which wa8 present a8 an external marker. A 

similar result wa8 obtained in solvent A except that guanosine did 

not separate from GMP. The percentage of the total recovered radio- 

activity present a8 GTP, GDP and GMP wa8 1796, 4C$ and 38% respec- 

tively. This result ahowed that immediately after fertilization 

guanine is not converted to adenine and that 13H I-gUPnO8ine is in- 

corporated into TCA insoluble prOdUCt8, probably RNA. 

MOU8e ova contain very little rRNA (15, 16). Because of the 

difficulty in obtaining large number8 of embryos and the low level 

of [ HI-guanosine incorporation 3 , no attempt was made to fractionate 

embryo lysates into polysome fractions or to aeparate RNA into 

[poly (A)-] and [poly (A) +I RNA. However, the method Used for RNA 

extraction (13) doe8 relea8e [poly (A) +lRNA, and control experi- 

ments in which E. or rat liver rRNA was present showed that 

RNA degradation did not occur during pronase digestion or phenol - 

chloroform extraction of embryo lysates. Other preliminary experi- 

ments demonstrated that small (0.1% of that present in the 8Oluble 

fraction) amount8 of GTP and GDP were present in the aqueous layer 

after phenol - chloroform extraction and that these were the only 

soluble contaminants. 

A lysate of [3H]-guanosine-labelled embryo8 wa8 extracted with 

phenol-chloroform and the extract digested with a mixture of RNase 

A and ribonucleasea Tl and T2 followed by nucleotide pyrophospha- 

tase. Analysis of the digest by thin layer chromatography on PEI- 
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Figure 2. Thin layer chromatography of the enzyme digest of 13H]- 
guanosine-labelled mou8e l-cell embryos. The digest and marker8 
were chromatographed on a PEI-cellulose sheet in water then dried 
and the dried sheet developed in solvent C in the same direction 
(bottom to top). The aheet was cut along the dotted line, and the 
lower part washed in anhydrOUs methanol before development in sol- 
vent D (left to right). 

cellulose (fig. 2) showed that pm7Gt pG and Gp but not GDP and GTP 

were present. Recent studies have shown that the nucleoside m7G, 

is a minor constituent of eukaryotic mRNA and is attached via a 5’- 

5' pyropho8phate linkage to the 5 '-terminua of the RNA forming the 

cap structure m2G(5')ppp(5')Xm (17-21). This structure is re- 

sistant to nucleases, and digestion of embryo lysates with a mix- 

ture of RNase A, and ribonucleases Tl and T2 would re8ult in clea- 

vage of the [3H1-guanosine-labelled RNA8 present to give nUCleO8ide' 

3'-phosphates, and product8 from the 5'-terminus such a8 nucleo- 

tide8 of structure pXp, ppXp etc., and the cap structure above, 
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The small quantity of material available prevented attempts to iso- 

late the 5'-terminal cap, but identification of pm7G after further 

digestion of the lysate with nucleotide pyrophosphatase suggests 

that the cap structure is present in the [3H1-guanosine-labelled 

mRNA of mouse embryos because nucleotide pyrophosphatase releases 

pm7G from the cap but not from other nucleotides present at the 5*- 

terminus. Unmethylated guanosine has also been found in the 5*- 

terminal cap structure of insect oocyte mRNA (22), and the presence 

of pG in the enzymic digest may mean that this structure is also 

present in mouse embryos. However, a more likely source of pG is 

from GTP which is present as a contaminant in the mouse embryo ly- 

sates, but which is absent after enzymic digestion. It is probable 

that the unmethylated guanosine 5’-5’ pyrophosphate cap structure 

is not present in mouse embryo mRNA. 

The presence of Gp in the digest of embryo lysates shows that 

[3H]-guanosine is incorporated into embryo RNA in internal positions. 

This may arise either by 3 *-terminal addition to pre-existing RNAs, 

by replacement of a base within the polynucleotide chain of tRNA by a 

guanine residue (23-261, or by synthesis of new RNA. It is not 

known at present which of these alternatives is correct. However, 

the difference8 in the kinetic8 of incorporation of uridine and gu- 

anosine by the l-cell embryo (10). the inability to isolate[3H1- 

uridine-labelled RNA from the embryo (6, 7) and the absence of RNA 

polymerase activity in the pronuclei of l-cell embryos (27) all sug- 

gest that new RNA is not made by the l-cell embryo. Nevertheless 

it is possible, as suggested by the kinetics of incorporation (lo), 

that a low level of RNA synthesis occurs up to 3 hours after fertili- 

zation but then ceases and further transcription of the embryonic 

genome does not occur until after the first cleavage. Attempts to 
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detect RNA synthesis in the l-cell embryo later than 3 hours after 

fertilization would be unsuccessful. 

The ratio of the radioactivity found in embryo lysates a8 pm7G 

to that found as Gp varied between 1.6 and 0.4. If new II@NA i8 syn- 

thesized immediately after fertilization a much lower ratio would 

be expected since many guanosine residues are incorporated into in- 

ternal position8 but only one is incorporated at the S.-terminus. 

Therefore, the high ratio of pm7G to Gp suggests that immediately 

after fertilizatiOn[3H1-gUan08ine is attached a8 m7G via a 5'-5' 

pyrophosphate linkage to the 5'-terminus of pre-existing mRNA. 

Since the cap appear8 necessary for translation of mRNA (see review 

(28)), the result impliea that the mouse ovum contain8 a store of 

inactive mRNA which immediately after fertilization is capped and 

made available for translation. The pattern of protein8 synthe- 

sized by the l-cell embryo is different from that of the unfertil- 

ized ovum or the 2-cell embryo (29, 30). While heterogenous RNA8 

are synthesized by the 2-cell embryo, very little if any, RNA syn- 

thetic activity can be detected in the l-cell embryo or unfertil- 

ized ovum (6-11). It appear8 that in mammal8 maternal mRNA is 

utilized for development of the fertilized ovum up to at least the 

first cleavage, and the store of maternal mRNA is activated after 

fertilization by addition of a pm7G residue to the 5*-terminus. 

This behavior is quite different from that of the echinoderm8 where 

maternal mRNA8 are capped and their translations after fertiliza- 

tion doe8 not require attachment of a pm7G residue to the 5'-ter- 

minus (31-33). 
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