


ram testicular tissue were also analysed by two-dimensional gel electrophoresis as described by
Goldknopf & Busch (1975).

Results

Basic proteins from sperm nuclei

After extraction by a reducing treatment of the sperm nuclei from ram, goat, bull, domestic
boar, wild boar, rat and cat, only one prominent protein band was obtained, which corresponded
to the basic nuclear sperm protein. In the domestic boar and the wild boar a smaller and slower
additional band was present that we have named V. It could correspond to a minor component
of boar protamine which is known to be heterogeneous (Tobita et al, 1979).

Basic proteins from non-round spermatid nuclei

Typical electrophoregrams of basic proteins in sonication-resistant nuclei from 5 species are

shown in Text-fig. 1. The bull and the wild boar are not shown because they differ only slightly
from the ram and the goat, and from the boar respectively.

Text-fig. 1. Electrophoregrams on 2-5 M-urea gels of basic proteins from sonication-resistant
(elongated) spermatid nuclei. Left: proteins extracted by 0-4 N-H2S04. Right: proteins extracted,
after 3 acid extractions, by a reducing treatment (0-28 M-2-mercaptoethanol). HI, H3, H4 =

histones. Other proteins are referred to in the text.



Although all the extracts were processed similarly, variations were observed between animals
of one species, but usually this was in the relative amounts of the protein bands rather than in the
occurrence and   4 value of the major protein bands.

Ram. In previous studies on the ram (Loir & Lanneau, 1978a), only 6-25 M-urea gels were

used. By using 2-5 M-urea gels (Text-fig. 1), the protein band previously named 13-15 and
believed to correspond to the nuclear sperm protein in fact resolved into two bands. Compared
to the sole protein extracted from sperm nuclei, it was the slower (RH4 = 1-74) of these two
bands which was the basic nuclear protein and it has been designated 'S' according to the
terminology used for the rat protein.

The faster band (T; Rm = 1-88) was mostly acid-soluble (Text-figs 1 and 2). Analysis of
nuclear proteins from spermatids separated by sedimentation at 1 g showed that this band was

present simultaneously with the other known spermatid proteins. Because it is absent in
spermatocyte nuclei (Loir & Lanneau, 1978a) and absent in protein extracts of ovine organs, it
is considered to be spermatid-specific. Its ability to be stained by DTNB and the fact that an
additional amount of it is extracted after a reducing treatment (Text-fig. 1) suggested that this
protein band should contain cystein, thus differing from protein TP in the rat.

Goat, bull, boar, wild boar, rat and cat. Analysis of sonication-resistant nuclei from these
animals showed that 2 bands with   4 values roughly similar to those of  and S in the ram were
present in acid extracts analysed on 2-5 M-urea gels. On 6-25 M-urea gels, band  had the same

Rm value as band S. For each species, it was the slowest of the two bands (S) which
corresponded to the nuclear sperm protein extracted from spermatozoa. The fastest band, which
in the bull and the boar could be stained by DTNB, was named T. In all species studied,
including the ram, protein S was virtually insoluble in acid, i.e. it was absent in 3% TCA-soluble
testicular protein extracts and in acid nuclear extracts of spermatids separated at 1 g (2-5 M-urea

gels). Sonication could, however, render band S partly acid-soluble as shown previously for the
rat (Grimes et al, 1975).

The patterns of acid-soluble proteins and of 2-mercaptoethanol-extracted proteins from
sonication-resistant nuclei from goats (Text-fig. 1) and bulls were similar to those obtained in the
ram. In the bull, there was a smaller amount of protein band 2-3 in acid extracts of
sonication-resistant and of non-round spermatid nuclei (Text-fig. 3). For a given protein band,
the differences in Rm values between species were of the same magnitude as individual
variations. It is therefore difficult to say whether slight differences exist in the Rm values between
the 3 species; the mean RHA values for the major spermatid proteins (2-5 M-urea gels) of bulls,
rams and goats were 0-88 for band P^ 1-12 for band 2-3; 1-37 for band 7 and 1-88 for band T.

Domestic and wild boars display identical patterns of acid-soluble proteins on one hand and
of 2-mercaptoethanol-extracted proteins (Text-fig. 1) on the other. The common acid-soluble
protein differed from that of the bovids by the presence of 2 major bands between histone 4
(H4) and band S, named a (RH4= 1-18) and ß (RHi

—

1-26), and 2 minor bands  and  . The
mobilities of proteins S and  were greater than those in bovids (ÄH4 = 1-84 and 1-99
respectively) while that of band Pi was identical. Compared to the results for bovids, a smallar
amount of spermatid proteins was extracted after the reducing treatment. In 2-mercaptoethanol
extracts of spermatids (Text-fig. 1) a protein band co-migrates with the minor sperm protein V.

In the rat, the results (Text-figs 1 and 3) were similar to those obtained by Grimes et al
(1975, 1977). However, in our hands, a smaller amount of S was rendered acid-soluble by
sonication and histones were still detectable in sonication-resistant nuclei. This could have
resulted from a difference in the efficiency of sonication. The pattern of 2-mercapto¬
ethanol-extracted proteins (Text-fig. 1) is in agreement with the known absence of cystein in
protein TP, which cannot be stained by DTNB, and the presence of this amino-acid in TP2 and
TP3 (Grimes et al, 1977), which can be stained by DTNB.

In the cat (Text-fig. 1), in addition to small amounts of histones still present in
sonication-resistant nuclei and to an acid-soluble part of S, only two proteins were consistently



extracted by acid. One, named T, was coincident with TP in the rat (Rm = 1-94), and the other,
named A, was coincident with TP2. Protein S (Rm = 1-88) was the main protein extracted after
a reducing treatment. The sperm protein in the cat was the fastest studied; because protein bands
S and  have broadly similar Rm values it could not be determined whether an additional
amount of  was extracted after reduction.

TCA-soluble testicular proteins
For the 11 species studied, 3% TCA-soluble testicular proteins were prepared and analysed.

Such extracts (Text-fig. 2) contained mainly histone 1 and several faster proteins. A comparison
of the testicular protein patterns with protein patterns from spermatid nuclei (Text-figs 1 and 3)
reveals that the major protein bands (with one exception: protein 12) displaying   4 values
higher than that of histone 4 corresponded to spermatid proteins. This view is supported by two
observations: (1) these bands were absent in extracts from various organs in the ram and in

Text-fig. 2. Electrophoregrams on 6-25 M-urea gels of 3% TCA-soluble basic testicular proteins.
Hedgehog-1 = in breeding season; hedgehog 2 = in non-breeding season. See text for proteins
illustrated.



Text-fig. 3. Electrophoregrams on 6-25 M-urea gels of acid-soluble nuclear proteins from
non-round spermatid populations obtained by sedimentation at 1 g. Every population contained
roughly the same proportion of elongating (sonication-sensitive) and elongated (sonication-
resistant) spermatid nuclei. HI, H2, H3, H4 = histones. Other proteins referred to in the text.

the boar (in which only one protein band has an ÄH4 near that of ram spermatid protein 2); (2) in
the ram, these bands migrate on two-dimensional acrylamide gels as the corresponding
spermatid proteins.

The presence of several protein bands not of spermatid nuclear origin between histone 1 and
histone 4 masked any possible occurrence of spermatid proteins such as P,. The 2 testicular
proteins named P2 and 12 (Text-fig. 2) were present in the ovine and porcine control organs but
absent in purified spermatid nuclei.

Sonication-resistant nuclei of spermatids were not prepared for stallion, hedgehog, mink and
ferret but the 3% TCA-soluble protein patterns provided some information on the spermatid
proteins faster than histone 4. In the stallion, there appeared to be 2 proteins with the same ÄH4
values as the bovid proteins 2 and T. In the hedgehog (Text-fig. 2), 2 proteins were probably
present but their mobilities were comparable with those of bovid proteins 7 and T. The link
between these 2 proteins and the spermatids is confirmed by their absence in testes devoid of these
cells during the non-breeding season (Text-fig. 2). In the mink and ferret there seemed to be no

spermatid protein faster than histone 4 and it is not known whether one or more slower proteins
(such as P[) are present.

Discussion

In the rat and in the ram, the stage of spermatid maturation at which the onset of sonication
resistance occurs is known. This corresponds to the end of nuclear elongation which is
coincident with the time when histones are nearly completely removed from chromatin. In the
other animals studied, the corresponding maturation stage is unknown. Nevertheless, because
the sonication-resistant nuclei appear to be elongated nuclei and contained very low amounts of
histones (Text-fig. 1), we suggest that the acquisition of resistance to sonication reflects similar
nucleoprotein changes and chromatin reorganization in the mammals studied.

In the rat and in the ram, the spermatid proteins are known to be present in the
sonication-sensitive elongated nuclei as well as in the sonication-resistant elongated nuclei and all
the spermatid proteins present in the first type of nuclei are also present in the second kind
(compare Text-figs 1 and 3). If this is true of the other mammals studied, the analysis of proteins



from sonication-resistant nuclei only does permit characterization of all the spermatid proteins
present in one species.

When insufficient amounts of testis are available for the preparation of sonication-resistant
nuclei, a suitable alternative is the extraction of 3% TCA-soluble testicular proteins, which is
also more rapidly carried out. Indeed, our results indicate that this method enables a check to be
made for the presence of spermatid proteins faster than histone 4. This procedure is very reliable
if similar extracts are simultaneously prepared from 2 or 3 organs.

Our results establish unambiguously that a large between-species variation exists with
respect to the basic proteins momentarily present in mammalian spermatid nuclei at the time of
histone removal. However, these differences appear to be more family-specific than
species-specific. Indeed, the 3 bovid species studied possess the same spermatid proteins with
only slight quantitative variations and the 2 mustelids also displayed a similar protein pattern.

Protein  is absent only in mustelids and it could be the most ubiquitous spermatid protein in
mammals. In all animals in which protein  or TP is present, there is a similar change in the ÄH4
value when the urea molarity in the gels is reduced from 6-25 (at which value T/TP migrates
with S) to 2-5 (at this value it migrates faster than S). Furthermore, in bovids, the boar and the
rat, this protein has the same solubility in TCA, becoming insoluble at concentrations between 6
and 9% (unpublished data). It is therefore suggested that protein  is the same protein in all
species. However, the patterns after 2-mercaptoethanol-extraction and the ability to be stained
by DTNB indicate that protein  appears to contain cystein, at least in the bovids, although this
amino acid is absent in the rat protein TP. The RH4 value of proteins  or TP shows variations
between 1-88 (F. Bovidae) and 1-99 (F. Suidae). These differences in cystein content and in Rm
value could reflect phylogenetic modifications in the primary structure of this spermatid protein.
The occurrence of phylogenetic variations has been already demonstrated for the sperm protein
primary structure in at least 8 mammals (Coelingh et al, 1972; Kistler et al, 1973; Monfoort et
al, 1973; Bellvé et al, 1975; Calvin, 1976; Balhorn et al, 1977; Tobita et al, 1979). Even in
one family (ram: Monfoort et al, 1973; bull: Coelingh et al, 1972) variations exist but they are
less numerous than between phylogenetically distant species.

Concerning the other spermatid proteins, no data are presently available to check the
correspondence of the various proteins in the different families. The fact that a protein band
present in one or more species is seemingly absent in others may result from the existence of
truly different proteins as well as from dramatic phylogenetic variations in the considered
protein. Only the knowledge of the amino acid composition of the major spermatid proteins in
various families will tell if one or more proteins are common to several mammals.

It has been proposed that the spermatid proteins of the rat (Grimes et al, 1977) and the ram

(Loir & Lanneau, 1978a) may be involved in the shaping and condensation of the spermatid
nuclei. The cross-linking of the spermatid proteins by -S-S- bridges could play an essential role
in chromatin reorganization (Loir & Courtens, 1979). Our results suggest that the spermatid
nuclear changes do not need, depending on the species, as many acid-soluble proteins and as

many cross-linked proteins as in bovids and in suids. Since in the rat the nuclear changes require
only 3 spermatid proteins, it can be questioned whether all the proteins in animals with more
than 3 proteins play a necessary role. The discovery of any animals which possess only one or

no spermatid protein would also be of interest for the possible evolutionary significance of the
variation in spermatid and sperm nuclear proteins.

The structural pattern of chromatin condensation has been studied in 7 mammals with
sickle-shaped or flattened-ovoid shaped sperm nuclei (Courtens & Loir, 1975, 1981). Similarities
were again observed amongst bovids (ram, bull and goat) while differences exist between these
and the 4 other species (boar, mouse, rat, stallion) which each had an individual pattern. Further
comparative biochemical and ultrastructural investigations on spermatid proteins may provide
clues to the structure—function relationships in nuclear protein changes during mammalian
spermiogenesis.
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