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研究成果の概要（和文）：このプロジェクトにより、哺乳類の受精と生殖のメカニズムの解明が大きく前進しま
した。2022年4月から2024年3月までに、筆頭著者5本、共著者3本の論文を国際的な査読付き学術誌に発表しまし
た。これらの論文を通じて、哺乳類の精子と卵子の融合に関する詳細なメカニズム解明と、融合に必要な膜タン
パク質の分子機能を研究する新しい戦略を提供しました。受精に関与する精子タンパク質の生合成を支える新し
いタンパク質生合成経路を発見しました。また、国際的な研究者との共同研究により、多精子化における透明帯
ブロックの基盤となる詳細な構造的・分子的メカニズムを解明しました。

研究成果の概要（英文）：During this project, I have made substantial progress in understanding the 
mechanism of mammalian fertilization and reproduction. From April 2022 to March 2024, I have 
published 5 first authored papers and 3 co-authored papers in international peer reviewed journals. 
These publications have (1) provided detailed mechanistic insights into mammalian sperm-egg fusion 
and novel strategies to study the molecular functions of fusion-required membrane proteins (Tang*, 
Lu* et al. 2022 PNAS), (2) marked the discovery of a novel protein biosynthesis pathway underpinning
 the biosynthesis of sperm proteins involved in fertilization (Lu et al. 2023 PNAS), and (3) 
deciphered the detailed structural and molecular mechanisms underlying zona pellucida block to 
polyspermy (Nishio et al. 2024 Cell). 

研究分野： Sperm-egg fusion
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研究成果の学術的意義や社会的意義
This work has significant relevance to the advancement of our knowledge of human reproduction and 
origin. It also provides profound implications for diagnosis and treatment of idiopathic male 
infertility and development of contraceptive measures involving molecular perturbations in 
fertilization.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
In mammalian species, sperm are ejaculated during coitus, migrate along the female 
reproductive tract, and approach the eggs in the fallopian tube, where fertilization 
occurs. Fertilization is a complicated series of events involving the union of a 
haploid sperm and a haploid egg to produce a diploid zygote. This process is a 
fundamental but obligatory prerequisite for successful propagation of the parental 
genomes to the next generation. Fertilization generally encompasses five distinct 
phases: A) the sperm undergoes acrosome reaction in female reproductive tract to expose 
hydrolytic and proteolytic enzymes and the inner acrosomal membrane proteins; B&C) the 
acrosome-reacted sperm passes through the cumulus cell layer of the egg, binds to and 
penetrates the zona pellucida, a translucent matrix of glycoproteins surrounding the 
egg; D) the sperm adheres to and fuses with the egg plasma membrane; E) the sperm 
nucleus decondenses and forms the male pronucleus, and merges with the female pronucleus 
to form a zygotic nucleus. 
 
In contrast to somatic cell-cell fusion processes (e.g., osteoclast fusion in bones 
and myoblast fusion in muscles), the sperm–egg fusion is an extraordinarily unusual 
fusion event, in which cells from two individual organisms recognize and merge with 
each other. This intriguing biological process has attracted attention from researchers 
for centuries, yet its detailed mechanisms remain mysterious, owing to its 
spatiotemporally dynamic nature. The lack of culture systems supporting production of 
fully functional sperm and eggs further impedes researchers from recapitulating or 
manipulating the gamete fusion process in vitro. 
 
 
２．研究の目的 
This research project was primarily focusing on deciphering the cellular and molecular 
mechanisms of the sperm–egg fusion in mammals, with an ultimate objective of identifying 
the bona fide fusogens mediating this biological process. 
 
 
３．研究の方法 
The study was subdivided into three major sections: 1) large-scale screening of 
molecules implicated in the sperm–egg fusion using the CRISPR/Cas9-based knockout 
strategy in mice; 2) in-depth functional analyses of the gamete fusion-required 
proteins using genetics, proteomics, and cell biology techniques; 3) detailed 
investigation of the gamete fusion machinery from different perspectives, such as 
species-specific recognition at sperm–egg fusion and the plasma membrane block to 
polyspermy.  
 
By employing innovative multidisciplinary technologies, such as human sperm-hamster 
egg fusion assay (also known as sperm penetration assay), X-ray crystallography, 
antibody and recombinant protein engineering, this study comprehensively revealed how 
each key factor contributes to the process of sperm-egg fusion. 
 
 
４．研究成果 
During this project, I have made substantial progress in understanding the mechanism 
of mammalian fertilization and reproduction. From April 2022 to March 2024, I have 
published 5 first authored papers and 3 co-authored papers in international peer 
reviewed journals. Among these publications, I would like to highlight 3 discoveries 
that are very important to the field of sperm-egg fusion. 
 
First, in collaboration with Stanford University, we elucidated the molecular function 
of TMEM95 in human fertilization (Tang*, Lu* et al. 2022 PNAS). Using innovative in 
vitro assays (such as sperm penetration assay, biolayer interferometry analysis, 
antibody inhibitory assay), we found that unlike IZUMO1, TMEM95 plays a critical role 
after sperm-egg binding and that sperm TMEM95 has a putative receptor on the egg plasma 



membrane. 
 
Second, I discovered a testis-specific, type-II transmembrane protein, 1700029I15Rik, 
that regulates the biosynthesis of acrosomal membrane glycoproteins involved in sperm-
egg fusion (e.g., IZUMO1, SPACA6, EQTN; Lu et al. 2023 PNAS). This finding marks the 
discovery of a novel protein biosynthesis pathway underpinning the correct assembly of 
fertilization machinery during sperm development. 
 
Third, in collaboration with Karolinska Institutet, we deciphered the detailed 
structural and molecular mechanisms underlying zona pellucida block to polyspermy 
(Nishio et al. 2024 Cell), which was a long-stand mystery in the field of fertilization. 
 
(* Equal first authors) 
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