
RIKEN Center for Developmental Biology (CDB) 
2-2-3 Minatojima minamimachi, Chuo-ku, Kobe 650-0047, Japan 

 

Contact: Douglas Sipp sipp@cdb.riken.jp TEL: +81-78-306-3043 

RIKEN CDB, Office for Science Communications and International Affairs 

 

 

No role for microRNAs in mammalian fertilization, but a big role for short 

interfering RNAs? 

December 18, 2006 – Research into genetic regulation by RNA recently reached its 

apotheosis with the award of this year’s Nobel Prize for work on RNA interference 

(RNAi). In RNAi, double-stranded (ds) RNA neutralizes mRNA to which one of its 

strands shares sequence identity. This regulates gene expression either by reversibly 

inhibiting translation or by initiating the irreversible destruction of the mRNA target, 

although details of the mechanisms of each - and how cells choose between them - 

are still being elucidated. RNAi can be accomplished with synthetic long dsRNAs or 

shorter lengths, termed short interfering RNAs (siRNAs). Cells produce their own 

closely related versions of siRNAs, called microRNAs (miRNAs). Because of their 

potency and specificity, siRNAs and miRNAs have attracted widespread interest as 

experimental and clinical tools, and as modulators of gene expression in vivo. 

 

Now, in a pair of reports published in the same issue of the journal Biology of 

Reproduction, Manami Amanai and colleagues in the Laboratory of Mammalian 

Molecular Embryology (Tony Perry; Team Leader) describe new applications for, and 

insights into siRNAs and miRNAs in mammalian fertilization and early embryonic 

development. One of the papers describes what is perhaps the first close 

investigation into the role of miRNAs in the earliest stages of mammalian 

development, while the other reports technical advances in the use of siRNAs to 

silence genes in the oocyte and during and after fertilization. 

 

 
Paired images of modulation contrast (left) and fluorescence microscopy showing embryos on the fourth 

day of development following coinjection of enucleated mII oocytes with GFP-expressing cumulus cell 
nuclei plus buffer alone (Control, upper panels) or with an siRNA for GFP mRNA. Bar = 50 mm. 

 

At fertilization, the metaphase II (mII) oocyte exits meiotic stasis and re-enters the 

cell cycle, becoming less like an oocyte and more like an embryo in the process. 

"This transition occurs relatively rapidly and requires a reduction in the activity of 

maternal mRNAs,” explains Perry, "so we reasoned that maternal mRNAs might be 

acutely inhibited by miRNAs delivered by the fertilizing sperm.” To test this, 
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spermatozoa were stripped of their membrane coats to isolate the portion that 

actually enters the oocyte. Microarray analyses identified a spectrum of miRNAs 

whose presence was confirmed by quantitative PCR (qPCR). However, these sperm-

borne miRNAs were not abundant, and did not significantly raise the level of 

corresponding oocyte miRNAs immediately after fertilization, suggesting that sperm-

borne miRNAs play little or no role in the oocyte cytoplasm. The team next tried 

inhibiting a subset of the miRNAs present in sperm using anti-miRNAs, and this 

confirmed their suspicions—after levels of the molecules had been reduced, 

fertilization resulted in meiotic exit and embryonic cell cleavage as normal. 

 

In contrast, nuclear transfer resulted in a significant change in the level of one of the 

10 miRNAs tested, although enucleation itself had no effect on the profile; the 

change was therefore likely to have come during the deposition of the donor nucleus. 

This alteration of the miRNA landscape of mII oocytes by the incoming nucleus might 

be functionally significant, since embryonic development following nuclear transfer is 

so poor. 

 

In the second study, Amanai and colleagues made a proof-of-principle demonstration 

of the effectiveness of gene silencing by siRNAs in mII oocytes. The factor 

responsible for holding oocytes at mII, Emi2, was identified by the Perry lab in a 

previous report, but the roles of this and related cell cycle regulators in early 

embryogenesis were unknown, highlighting the need for new tools to study this 

fundamentally important process. Although siRNAs have been widely employed to 

dissect gene function - including gene function in mammalian embryos - they have 

not been characterized in mII oocytes. The team sought to test whether injected 

siRNAs could similarly be applied to the inhibition of regulatory factors at the first 

mitotic cell division following fertilization. 

 

The team injected siRNAs targeting cell cycle regulators expressed in the mII oocyte, 

and confirmed they brought about reductions in levels of mRNAs and corresponding 

proteins. They next checked whether RNAi initiated at the time of fertilization had an 

effect on the embryo in the earliest stages of its development, and determined that 

siRNA injected at the time of fertilization (i.e., sperm injection) can indeed knock 

down transcripts for both native genes and transgenes, with measurable effects up 

to the blastocyst stage. 

 

The approach also succeeded in nuclear transfer; co-injection of GFP-expressing 

donor cell nuclei with siRNA for GFP mRNA, produced resultant embryos which failed 

to glow (see Figure). This demonstrates for the first time the specific regulation of 

gene expression brought about during the nuclear transfer procedure. Since this 

regulation may be reversible, the approach promises one day to enhance 

reprogramming and the development of nuclear transfer clones by eliminating 

detrimental proteins. 

 

To demonstrate the workability of their technique, the team next used RNAi to 

examine any role in the first mitotic cell division played by the cell cycle regulators 

Cdc20, Emi1 and Emi2. By co-injecting sperm with siRNAs for any one of the three, 

they found that whilst Emi1 and Emi2 were apparently dispensable, Cdc20 depletion 

caused one-cell embryos to fail to cleave. Time will tell whether siRNA-mediated 

RNAi in mII oocytes - mII RNAi - will be of broad use, because some types of mRNA 

target seem more amenable to it than others. But its relative ease and specificity 

make it a promising new tool with which to study a difficult system. 


