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Possession of zona pellucida (ZP) binding ligand(s) on the sperm head surface
and the normal degree of chromatin condensation in the nucleus are the fundamental
factors of the fertilizing ability for mammalian sperm. In this study, we localize and
characterize the properties of two ZP binding ligands on the sperm surface, i.c.,
arylsulfatase-A (AS-A) and sulfogalactosylglycerolipid (SGG). We also define the
detailed organization of chromatin in differentiating spermatids in correlation to the
deposition of protamines. We previously described the existence of AS-A on pig
sperm surface and its novel role in homologous ZP interaction. This finding
prompted us to search for the mechanism of how AS-A targeted to the sperm surface.

Immunolocalization studies revealed the existence of AS-A in the developing
acrosome of spermatogenic cells, yet it was found to be absent on the surface of
testicular sperm. In contrast, epididymal sperm possessed AS-A on the surface with
an increasing amount in caput compared to cauda epididymal sperm. This finding
corroborated immunoblotting results which revealed the higher concentration of AS-
A in cauda epididymal fluid. Since AS-A had a high affinity to germ cell specific
SGG, we tested the plausibility that AS-A in the epididymal fluid was adsorbed onto
the sperm surface via its affinity with sperm surface SGG. This was the case as
evidenced by the ability of monoclonal antiSGG IgM to block the adsorption of AS-A
from epididymal fluid onto testicular sperm surface. Our results have indicated a tight
binding between AS-A and SGG with a Ky in nM level without AS-A desulfation
activity. These results suggested that the binding of AS-A to SGG may not be
through an active pocket, but rather through other binding sites, possibly the exposed
clusters of basic amino acids. The results also indicated that AS-A was co-localized
with SGG on the sperm surface. Supporting this hypothesis were the results of
indirect immunoflurescence using antiAS-A or antiSGG that localized the two
molecules to the same area on mouse sperm heads, i.e., the postacrosome and convex
ridge over the acrosome. These antibodies were able to inhibit sperm-ZP interaction
in the concentration dependent manner. The binding of fluorescently labeled AS-A or
SGG liposomes to unfertilized ZP (but not to fertilized ones) approached the plateau
with the K4 = 0.21 pM for AS-A binding. All of these results implicated the
fundamental role of AS-A and SGG, that may act synergistically,‘in ZP binding.

Dr. P Sobhon and his colleagues have previously shown the cord-like
chromatin fibers in chemically decondensed rat sperm, which appear different to other
mammals (toroidal type). To confirm the presence of a cord-like chromatin unit in
situ, the detailed ultrastructure of chromatin fibers in rat spermatids was performed in
correlation with the deposition of protamines. The results revealed 30-nm
nucleosomal chromatin fibers of spermatid steps 1-8. The chromatin fibers became
50-nm cord-like fibers, in spermatid steps 10-12 and became thicker until reaching the
maximum diameter of 100 nm in spermatid steps 15-17. This cord-like chromatin
organization correlated with the onset of protamine deposition in spermatid steps 10-
11 and it also suggested that more compaction of rat sperm chromatin than that in
humans which may be due in part to the cord-like rather than toroidal organization of
chromatin fibers.
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