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Mammalian fertilization begins with the attachment of sperm to the zona pellucida (ZP), a specialized extracellular
matrix that completely surrounds the egg and is essential for reproductive success in vivo. Despite the crucial role
of the recognition between gametes and the fact that infertility affects more than 50 million couples worldwide,
no mutations were until recently identified in the human genes that encode known egg-sperm interaction
molecules. This paradoxical situation, which reflected the difficulty of genetically mapping mutations that are
clinically silent in heterozygosis but cause sterility when homozygous, has now started to change as a result of the
increasing availability of individual exome sequencing. Surprisingly however, the majority of infertility-associated
mutations found in egg coat protein genes do not affect major ZP subunits ZP2 or ZP3, which are thought to
interact with sperm, but rather ZP1, a minor glycoprotein component that covalently cross-links egg coat filaments
into a three-dimensional matrix [1].

In my talk, | will describe a study [2] that started from the characterization of a ZP1 protein carrying a truncating
mutation from infertile patients [3]. The analysis of this mutant unexpectedly suggested that, unlike in the mouse
[4], filament cross-linking by ZP1 is crucial to form a stable ZP in human. Based on this finding, we mapped the
function of ZP1 to its N-terminal ZP-N domain (ZP-N1) — an element also found in ZP2 (where it binds sperm) [5,6]
as well as ZP4, a structurally-related egg coat component that is absent in the mouse [7]. We then determined
crystal structures of ZP-N1 homodimers from a chicken homolog of the protein in different glycosylation states.
These revealed that ZP filament cross-linking is highly plastic and can be modulated by ZP1 fucosylation and,
potentially, zinc sparks. Moreover, we found that ZP4 ZP-N1 forms non-covalent homodimers in chicken but not
human — explaining why ZP4 cannot functionally substitute for ZP1 in infertile patients. Together, these data
identify human ZP1 cross-links as a promising target for non-hormonal contraception; at the same time, our work
highlights the potential of structural biology as a tool to address key questions in reproductive medicine.
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