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Abstract 

  The acrosome reaction (AR) is an essential event for fertilization in many species. Acrosome-reacted 

sperm can penetrate the egg-coat and fuse with the egg plasma membrane. The sperm specifically recognizes 

signal molecules in the egg-coat. In general, the key molecule that triggers the AR is a group of 

carbohydrate-protein complex: this molecule interacts with a receptor protein on the sperm surface 

membrane.  

  In first chapter, I summarized the findings of fertilization in starfish Asterias amurensis, as follows. In 

Asterias amurensis, a major egg-jelly component, namely ARIS (AR-inducing substance), induces the 

acrosome reaction in combination with co-factors such as Co-ARIS or asterosap. ARIS, a highly sulfated 

proteoglycan-like molecule, has an apparent molecular size of more than 10
7
 kDa, and its pentasaccharide 

repeating units termed as Fragment 1 (Fr. 1) retains biological activity of ARIS. 

  In second chapter, I revealed that ARIS or clustered Fr. 1 showed stronger AR-inducing activity than 

purified Fr. 1. It seems likely that the macroscopic structure formed by the ARIS core protein is important for 

arranging the Fr. 1 sugar chain into an AR-inducing state. Atomic force microscopy (AFM) images showed 

that ARIS is composed of thick core protein fibres and thin sugar chain filaments. Depending on their exact 

concentration, the core proteins structured themselves into a fibrous network. In third chapter, I investigated 

the structure of ARIS for the first time. Electrophoretic analysis revealed that ARIS is a complex of three 

proteins, all of which are modified by the Fr. 1 sugar chain. Sequencing indicated that there are two novel 

conserved sequences in all three ARIS proteins: AR-N and AR-C domain. We hypothesize that ARIS 

proteins interact with each other via their AR-N and AR-C motifs, and form fibrous network structures like 

those of mammalian ZP proteins. In fourth chapter, I found ARIS-like genes in many phyla, from 

Ctenophora to Prochordata, indicating that the current results may have broad applicability throughout the 

animal kingdom. 

  Then I investigated how sperm recognize the signal molecules for AR induction. In fifth chapter, I 

isolated a 38 kD protein molecule specifically bound to ARIS as the putative ARIS receptor, and this protein 

is located to micro domain fraction from sperm membrane. In sixth chapter, I also revealed Co-ARIS, 

sulfated steroidal saponin, colocalizes with GM1 clusters on the micro domain, and alters its higher order 

structure. Thus I proposed a model for the induction of acrosome reaction, that sugar part of ARIS and 

Co-ARIS have a cooperative function on the sperm micro domain. 

  Seventh, I demonstrated the commonality and diversity of fertilization on the basis of whole my 

research. 

 


