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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.

During this project, | have made substantial progress in understanding the
mechanism of mammalian fertilization and reproduction. From April 2022 to March 2024, 1 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).
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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.

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.

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.

During this project, | have made substantial progress in understanding the mechanism
of mammalian fertilization and reproduction. From April 2022 to March 2024, 1 have
published 5 first authored papers and 3 co-authored papers in international peer
reviewed journals. Among these publications, | 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 1ZUMO1, 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-11 transmembrane protein, 1700029115Rik,
that regulates the biosynthesis of acrosomal membrane glycoproteins involved in sperm-
egg fusion (e.g., 1ZUMO1, 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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