Abstract

Fertilization is a unique event in the life of an organism. It results from the reciprocal interaction of the sperm and the oocyte. Spermatozoon or the male gamete is the end product of a complex and highly ordered chain of events occurring in the seminiferous tubules of the testis. The series of events leading to the transformation of undifferentiated germ cell into highly differentiated spermatozoa are termed spermatogenesis. However, the testicular spermatozoa lack the ability to recognize the oocyte and hence it is unable to fertilize. Testicular spermatozoa undergo further maturational processes both in the epididymis as well as in the female reproductive tract in order to acquire the fertilization-competence. Post-testicular sperm maturation during the passage through the epididymis confers progressive forward motility to spermatozoa which is essential for them to reach the exact site of fertilization in the famale. However, even after epididymal maturation the spermatozoa remains fertilization-incompetent. But the spermatozoa on reaching the female reproductive tract undergo yet another maturational event which makes them capable enough to fertilize the oocyte. This maturational event associated with spermatozoa while they transit through the female reproductive tract is termed 'capacitation'. Capacitation culminates in acrosome reaction followed by fertilization and thus, it is absolutely required for successful fertilization. The physiological site of capacitation is either the uterus or the oviduct and it requires many factors present in the female reproductive tract secretion. However, it can be achieved in in vitro in a defined medium containing certain essential components such as, energy sources (glucose, lactate, pyruvate), a protein source (usually BSA) and certain electrolytes (Ca2+, HCO3-). During the process of capacitation the spermatozoa undergo a number of physiological and biochemical changes such as changes in intracellular ion concentrations, plasma membrane fluidity, metabolism and a distinct transformation in motility termed hyperactivation. Hyperactivated spermatozoa are more vigorous and less progressive in motility than the non-hyperactivated spermatozoa. Although, these changes are known to accompany the process of capacitation, it is still not clear if they are absolutely required for capacitation. Furthermore, the molecular basis of capacitation and the events concomitant with this are very poorly understood. But, considering that the spermatozoon is a terminally differentiated cell, it is possible that post-translational modifications such as phosphorylation, glycosylation etc play an important role in capacitation. The present study was undertaken to elucidate the molecular basis of capacitation in golden hamster (Mesocricetus auratus) spermatozoa and the specific objectives were:1. Capacitation-associated changes in hyperactivation, protein phosphorylation and acrosome reaction.2. The involvement of protein kinases and phosphatases in capacitation and,3. The protein(s) which undergo phosphorylation during capacitation.Chapter 1 is a review outlining the changes associated with spermatozoa during capacitation viz. hyperactivation and acrosome reaction. It describes the motility changes occurring during capacitation as studied by the computer-aided sperm analysis in a variety of species, the physiological significance of hyperactivation, its linkage to capacitation and the possible mechanism of regulation of hyperactivation. It also describes the mechanism and the signaling events known to be operative in acrosome reaction. Further, the physiological regulators of capacitation and the existing model for the signaling cascade during capacitation are described at length. The changes in protein phosphorylation during capacitation and the involvement of protein kinases and protein phosphatases associated with them are discussed. It also describes the phosphoproteins which undergo phosphorylation during capacitation. Chapter 2 deals with the materials and methods employed, the source of the various chemicals used and the details of the animal system used. The basic definitions of the parameters set for computer-aided sperm analysis and the set parameters conditions are also described. In Chapter 3 a detailed account of the experimental results is given. Section 3.1 up to 3.3 includes the capacitation-associated changes in hyperactivation and acrosome reaction and the effects of BSA, Ca2+ and HCO3- on these two events. The results indicate that hamster spermatozoa undergo a distinct changes in motility pattern and motility parameters during capacitation and thus capacitated spermatozoa can be distinguished from the non-capacitated ones by computer-aided sperm analysis. Further, among the media components BSA or PVA and Ca2+ are essential for hyperactivation whereas in the absence of HCO3- hyperactivation is delayed. It also indicates that PVA can substitute for BSA. Hamster spermatozoa also undergo a time-dependent increase in spontaneous acrosome reaction during capacitation. BSA or PVA and Ca2+ are absolutely required for acrosome reaction and HCO3- does not seem to be important if the medium pH is maintained by other buffering agents such as HEPES. Section 3.4 up to 3.6 deals with the changes in protein tyrosine phosphorylation during capacitation and the effects of the media components on protein tyrosine phosphorylation. The results indicated that a set of proteins in the range of 50-150 kDa get tyrosine phosphorylated during capacitation in a time-dependent fashion and two proteins of mol. wt. 83 and 97 kDa were the most prominent tyrosine phosphorylated proteins. When the effects of the media components were studied on protein tyrosine phosphorylation it was observed that Ca2+, HCO3- and BSA or PVA were required for the protein tyrosine phosphorylation. Furthermore, the inhibitory effect on protein tyrosine phosphorylation due the absence of both Ca2+ and HCO3- was significantly greater than when either of the two was not added. Thus, protein tyrosine phosphorylation appears to be a very important regulatory event during capacitation. The results from 3.1 up to 3.6 also indicate that capacitation is linked with hyperactivation and/or acrosome reaction in hamster. If protein tyrosine phosphorylation is involved in capacitation, then protein tyrosine kinase (PTK) and phosphatase (PTP) must be involved in the process. The results described in section 3.7 up to 3.9 provide evidences that protein tyrosine kinase(s) and protein tyrosine phosphatase(s) are probably involved in capacitation. Specific inhibitors for PTK and PTP were used to study the effects on motility, hyperactivation and protein tyrosine phosphorylation. Among the three inhibitors used for PTK piceatannol inhibited the motility and tyrosine phosphorylation very significantly and hyperactivation was totally inhibited. Sodium orthovanadate, a PTP inhibitor also inhibited the motility and no hyperactivation was observed in its presence. Further, it increased the protein tyrosine phosphorylation as expected. Once the involvement of PTK and PTP was established we were interested in characterizing the proteins which undergo protein tyrosine phosphorylation during capacitation (Section 3.10 to Section 3.16). For this purpose the N-terminal sequence of the most prominently phosphorylated protein (83 kDa) was analyzed and it showed high homology with a testis specific protein called AKAP82 (a kinase anchoring protein) from mouse. It's homologue from bovine, human and rat were also already reported. However, it was not known if this protein was involved in motility only and/or capacitation. Therefore, to get more insight into its possible role in hamster sperm capacitation further experiments were carried out using degenerate primers from the N-terminal sequence of the 83kDa protein and the database the cDNA was made and amplified by RT-PCR. The cDNA sequence showed high homology to its homologue from mouse, human, rat and bovine. It had the conserved proteolytic cleavage site and the RII binding site characteristic feature of the testis AKAP82 homologues. By RT-PCR approach the expression of AKAP83 was investigated and it was found to be testis specific in hamster. In order to know its localization which would also help in knowing its possible role, polyclonal antibodies against AKAP83 were generated. Immunoblot studies with anti-AKAP83 antibody indicated that AKAP83 is synthesized as a precursor protein (mol. wt. 97 kDa), it is tyrosine phosphorylated only in capacitated and not in non-capacitated spermatozoa, and it is associated with the fibrous sheath as the signal was observed only in the principal piece of the tail. Taken together these results indicate that AKAP83 is important for capacitation. This is the first protein characterized from hamster spermatozoa which undergoes differential phosphorylation during capacitation. We were also interested to know if the spermatozoa also show differential serine/threonine phosphorylation during capacitation. Section 3.17 up to 3.21 deals with the results obtained from the experiments designed to investigate the role of serine/threonine phosphorylation in capacitation, hyperactivation, and acrosome reaction. Hamster spermatozoa showed changes in serine/threonine phosphorylation in a time-dependent fashion when incubated in a medium supporting capacitation. Protein serine phosphorylation did not show any change with respect to the intensity of the bands during the incubation of the spermatozoa in a medium supporting capacitation until 7-8 h, except a 100 kDa protein which showed a time-dependent decrease. However, two proteins of mol. wt. 49 and 63 kDa showed time-dependent increase in threonine phosphorylation during capacitation. Unlike protein tyrosine phosphorylation which was observed to begin in 1-1.5 h these two proteins started getting phosphorylated at threonine by 3 h and reached the saturation in 7 h much later than the former which was saturated by 5 h. Media components did not have any affect on the differential phosphorylation seen in these proteins. The results indicated that probably these proteins were more crucial for acrosome reaction. Furthermore, by using specific inhibitors the involvement of serine/threonine kinase and phosphatase was demonstrated in hyperactivation and acrosome reaction. The chapter ends with the localization changes with respect to ser/ thr phosphorylated proteins during capacitation.Chapter 4 includes the discussion of all the above results in light of the data already available at present on this subject. The chapter concludes with a model depicting the signaling cascade involved in hamster capacitation hypothesized on the basis of present results and the results reported in literature so far.
