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            Abstract
Representing the 60 trillion cells that build a human body, a sperm and an egg meet, recognize each other, and fuse to form a new generation of life. The factors involved in this important membrane fusion event, fertilization, have been sought for a long time1. Recently, CD9 on the egg membrane was found to be essential for fusion2,3,4, but sperm-related fusion factors remain unknown. Here, by using a fusion-inhibiting monoclonal antibody5 and gene cloning, we identify a mouse sperm fusion-related antigen and show that the antigen is a novel immunoglobulin superfamily protein. We have termed the gene Izumo and produced a gene-disrupted mouse line. Izumo-/- mice were healthy but males were sterile. They produced normal-looking sperm that bound to and penetrated the zona pellucida but were incapable of fusing with eggs. Human sperm also contain Izumo and addition of the antibody against human Izumo left the sperm unable to fuse with zona-free hamster eggs.
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                    Figure 1: Identification and characterization of Izumo.[image: ]


Figure 2: Targeted disruption of Izumo gene.[image: ]


Figure 3: Male infertility caused by Izumo disruption.[image: ]


Figure 4: Involvement of Izumo in a xeno-species fusion system.[image: ]
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Supplementary Figure S1
a. Transgene to express mouse Izumo under the control of calmegin promoter. The locations of primers A to E were indicated in this figure. b. lane 1; Izumo +/- mouse with intrinsic Izumo, lane 2 and 3; Izumo -/- mouse with transgenically expressed Izumo and Izumo His-tag, respectively. c. Litter size obtained by mating male mice with C57BL/6 wild-type mice. The group numbers are equal to those shown in b. The numbers in parentheses indicate the numbers of matings. (PPT 11631 kb)


Supplementary Movie
First half. Mouse eggs 6 hours after insemination of Izumo +/- sperm. The eggs were fertilized and at the beginning of pronuclear stage after extruded their second polar body. Note that excess sperm bound to zona pellucida were already detached from probably due to the zona reaction. Second half. Mouse eggs 6 hours after insemination of Izumo -/- sperm. Unlike Izumo +/-, the eggs inseminated with Izumo -/- sperm remained unfertilized without extrusion of their second polar body and had many sperm on their zona pellucida, probably due to the absence of zona-reaction. Note that the Izumo -/- sperm has normal zona-binding ability and normal motility as wild-type sperm. (MOV 3356 kb)
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        Editorial Summary
Fertilization: joint effort
The molecular events that enable the mammalian sperm and egg to recognize each other and then form an embryo are gradually being revealed. A molecule on the egg membrane, integrin-associated protein CD9, was recently found to be essential for fusion and now the first sperm-related fusion factor has been identified in mice. The molecule is an immunoglobulin, and was found on the NCBI database. Named Izumo (a reference to Izumo Taisha, a Japanese marriage shrine), the protein is also present in human sperm, where anti-Izumo antibodies prevent spermâ€“egg fusion. As more of the molecules involved in fusion become known, new forms of contraception and treatments for infertility may become possible.
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