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In dog-fish spermatid nuclei two intermediate proteins SI and Sz replace histones before the setting down 
of protamines. These spermatid-specific proteins were isolated by carboxymethyl-cellulose chromato- 
graphy and purified by high pressure liquid chromatography. S1 and SZ are characterized by a high content 
of basic residues and by the lack of cysteine and phenylalanine. The determination of their amino acid 
composition and of their N- and C-terminal sequences prove that each protein corresponds to a specific 
molecule which can be considered neither as a histone hydrolytic product nor as a protamines precursor. 

Spermatogenesis in animal species is characteriz- 
ed by dramatic morphological and biological 
changes in nuclear organization (far a recent 
review, see [l I). As spermatogenesis proceeds, 
various modifications occur in the nature of pro- 
teins associated with DNA and the result is the pro- 
gressive condensation of chromatin. In sper- 
matozoa, somatic histones are generally replaced 
by other typical fow-M,, arginine-rich proteins call- 
ed protamines such as in fishes and molIuscs or 
~rotam~ne-Luke proteins such as in mammals. fn 
some of these species, for instance in the rat, ram, 
stump-tail macaque, man [2-l 1) and dog-fish 
[ 12,131, protamines do not replace directly the 
somatic histones. Specific and generally 
heterogeneous basic proteins are transiently 
associated with DNA in elongating spermatid 
nuclei before the setting down of protamines. 
From autoradiographic observations, it has been 
deduced that a similar situation could occur in 
m5use spermiogenesis f l4f _ 

analysis of basic protein changes shows that this 
process can be divided into 3 steps [ 131. At the 
beginning of nuclear elongation (stage 3 of sper- 
miogenesis), two spermatid-specific proteins also 
called intermediate proteins Sl and SZ appear. The 
gradual increase in the amount of the two proteins, 
whilst the nuclear elongation of spermatids pro- 
ceeds, is accompanied by a progressive but in- 
complete loss of histones (stage 4a). In the finat 
stages of nuclear shaping (stages 4b, 4c, 5) the 4 
protamines (21, 22, 23 and 54) found in mature 
spermatozoa appear, whereas the SI and SZ con- 
tents of nuclei gradually decrease. In mature in- 
tratesticular spermatozoa (stage 5) SZ then S1 have 
been completely eliminated and only the 4 prot- 
amines remain in the nuclei. 

Such a complex protein transition occurs during 
dog-fish spermiogenesis. The microelectrophoretic 

The work reported here deals with the isolation 
and characterization of the two intermediate pro- 
teins SI and SZ from dog-fish. Their amino acid 
composition and their amino- and carboxy- 
terminal sequences reveal that each corresponds to 
a unique protein species and can be considered 
neither a histone hydrolytic product nor a precur- 
sor of the protamines. 
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2. MATERIALS AND METHODS 2.3. Purification of intermediate proteins SI arrd 

Dog-fish testes were collected at the Station de 
Biologie Marine de ~on~arneau (France). After ex- 
cision, gonads were frozen in liquid nitrogen and 
stored at - 80°C until use. AI1 operations up to 
chromatographic purification were performed at 
4°C. 

& by high pressure hquid chromatography 
The purification of proteins SI and S2 was per- 

2.1, Preparation of basic proteins from spermatid 
nuclei 

Testicular zone 3 (young spermatids I-4a) was 
finefy minced and homogenized in 50 mM 
Tris-HCI (pH 7.4) ~ont~ning 3.3 mM CaCtz, 
0.25 M sucrose and O,I mM di-isopropyf- 
~uorophosphat~ (DFP). The homogenate was 
filtered through 6 layers of surgical gauze and cen- 
trifuged at 2500 x g for 20 min. The nuclear pellet 
was then rehomogenized in the same buffer con- 
taining 2.2 M sucrose (19 ml/g of testis) and was 
centrifuged at 47000 x g for 1 h. 

formed by reverse phase high pressure liquid 
chromatography using a Waters Associates 
ALCiGPC 244 apparatus equipped with a U6K 
sample injector and a Cecil 212 variable 
wavelength ultraviolet monitor. The protein sam- 
ple was loaded onto a CIS micro-Bondapak column 
(9ym, 0.39 x 30 cm) equilibrated with 10% 
acetonitrile in 0,05% trifluoroacetjc acid. Proteins 
were eluted with a linear gradient of acetonitrile 
(lo-25”10) in 0.05% trifhmroacetic acid for 
30 min. 

2.4. AnarfyticaE gel ~~g~trop~or~s~s 

Purified nuclei were resuspended in 50 mM 
Tris-HCl containing 0.14 M NaCl, 0.1 mM DFP 
and were centrifuged at 2500 x g for 20 min. The 
nuclei were washed 3 more times with the same 
buffer and finaby with 90% ethanol. 

Protein preparations were controlled by 
polyacrylamide gel electrophoresis as in [15]. 
Samples dissolved in 8 M urea, 0.9 M acetic acid, 
0.5 M ,&mercaptoethanol were run in slab gels (14 
x 20 x 0.075 cm) containing 17% acrylamide and 
6.25 M urea. 

2.5. Amino acid analysis 

Basic nuclear proteins were extracted from 
nuclei by gentle stirring in 0.25 N HCl (2 ml/g of 
testis) overnight and precipitated either by 6 
volumes of acetone at - 30°C for 48 h or by 20% 
trichloroacetic acid at 0°C for 2 h. After cen- 
trifugation, proteins were washed successively with 
acetone acidified with concentrated HCl and final- 
ly with acetone. The proteins dried in vacua were 
redissolved in distilled water and lyophilized. 

Protein samples were hydrolysed in vacua at 
I 10°C in 6 M WC1 for 24 h and 72 h. One drop of 
l”/o phenol was added to prevent excessive 
degradation of tyrosine. Amino acid analyses were 
performed on a Beckman 119 CL amino acid 
analyser. 

2.6. Amino-terminal sequence determination 

The acid-sofubie proteins were reduced in 8 M 
urea, 0.5 M NaCl containing 20 mM dithiothr~itol 
(DTT) at 37°C for 1 h under nitrogen, and then 
alkylated at 37°C for 1 h by adding 25 mM 
iodoacetamide. The alkylated proteins were loaded 
onta a carboxymethyl cellulose (Whatman, 
CM 52) column (2.6 x 30 cm) equilibrated with 
0.05 M sodium acetate, pH 6 buffer containing 
0.5 M NaCl. After washing the column with the 
equilibration buffer, the two intermediate proteins 
SI and SZ were e&ted together from the column by 
2 M NaCf in the same buffer. 

The amino-terminal sequences of proteins St 
and SZ were determined by manual Edman 
degradation performed as in tifil. 
Phenylthiohydantoin derivatives of amino acids 
were identified by high pressure liquid 
chromatography on a cohrmn of cl8 micro- 
Bondapak (Waters) as in [ 17f. 

2,7 I Carbo~y~t~rmina~ analysis 
Protein St (20 nmol) dissolved in 0.45 ml of 

0.1 M N-methylmorpholine acetate (pH 8.0) was 
digested at 37°C with DFP-treated carboxypep- 
tidase B (Sigma) using an enzyme-to-substrate 
ratio of 1: 50 (w/w). After 3 h digestion, a 0,2-ml 
aliquot was t.aken off, acidified with glacial acetic 
acid and freeze-dried. PhMeSOzF-treated carboxy- 
peptidase A (Mil~ipore~ was then added using an 
enzyme-to-substrate ratio of L : 25 (w/w). After 2 h 
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digestion, a 0.2-ml aliquot was taken off and 
treated as above. The released amino acids were 
analysed on the amino acid analyser. 

The carboxy-terminal analysis of protein SZ 
(20 nmol) was carried out as indicated for protein 
Si but the aliquots were taken off after 1 h diges- 
tion with carboxypeptidase B and after 1 h diges- 
tion with carboxypeptidase A. 

3. RESULTS AND DISCUSSION 

The acid-soluble proteins were extracted from 
sperm&id nuclei of zone B of the testis, enriched 
in stages l-4a, to prevent contamination by prot- 
amines. These basic proteins are a complex mix- 
ture of histones, non-histone proteins and in- 
termediate proteins Si and SZ (fig,l, lane a). The 
two intermediate proteins were separated from 
other proteins by chromatography on 
carboxymethyl-cellulose as shown in fig.2. The 
histones and non-histone proteins were eluted in 

Ammo acid composjt~ons of proteins St and SZ From the 
dog-fish ~C~~~~O~~~~~~ Canicuius expressed as 

moi/lOO moia 

Ammo acids SI s2 

ASP 8.0 9.0 
Thr” 4.1 3.2 
Serb 6.5 7.6 
Glu 3.8 6.8 
Pro 6.0 6.8 
GlY 3.2 2.4 
Ala 0.0 7.4 
Half cys 0.0 0.0 
Val 5.8 4.2 
Met 2.1 0.7 
Be” 3.2 1.9 
LeuC 6.1 10.0 

TYr 3.4 4.5 
Phe 0.0 0.0 
HiS 3.7 2.5 
LYS 9.3 L9.4 

Arg 34.0 13.9 
ArgiLys 3.65 0.71 

a Average values of at feast 4 analyses 
b Values for threonine and serine were obtained bY linear 

extrapolation to zero hydrolysis time 
’ 72-h hydrolysis values 

Fig. 1. Electrophoretic control of spermatid-specific 
proteins at different steps of purification. Electro- 
phoreses were performed as described in section 2 and 
gels were stained with Coomassie brilliant blue R 250 for 
1 h [20]. Lane a: Acid-soluble proteins extracted from 
testicular zone B nuclei; Lane b: Fraction 2 eluted from 
the CarboxYmethYl-cei~uIose column (fig.2); Lanes c and 
d: Fractions 2 and 3, respectively, obtained by high 
pressure liquid chromatography as described in fig.3; 
Lane e: Acid-soluble proteins extracted from testicular 
zone C nuclei (stages 4b-5). Zt, Zt, Z3 (heterogeneous 

in spermatid nuclei) and Se: protamines. 

fractions la and lb by 0.5 M NaCl whereas Si and 
SZ were eluted together in fraction 2 by 2 M NaCl 
(fig.1, lane b). On overloaded gels, Si and SZ ap- 
pear slightly contaminated with components of 
lower mobilities. 

Proteins St and Sr were separated by reverse 
phase high pressure liquid ~hromatograpby (fig.3). 
Pure Si and SZ were obtained in fractions 2 and 3, 
respectiveIy as assessed by polya~ryl~ide gel eiec- 
trophoresis (fig.1, lanes c and d). A protein 
presently designated by ‘X’ was eluted in the first 
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la Ib 

NaCI(M) 

70 135 266 325 350 

Effluent (ml) 

Fig.2. Isolation of intermediate proteins by carboxy- 
methyl-cellulose chromatography. 60 mg of acid-soluble 
proteins (fig. 1, lane a) were reduced and alkylated as 
described in section 2 and the protein sample was loaded 
onto a CM 52 column (2.6 x 30 cm) equilibrated with 
0.05 M sodium acetate buffer (pH 6) containing 0.5 M 
NaCl. The column was washed with 200 ml of 
equilibration buffer; then Sr and Sz were eluted by 2 M 
NaCl in acetate buffer. The flow rate was 20 ml/h and 

fractions of 2.5 ml were collected. 

peak at 17% acetonitrile concentration. This pro- 
tein ‘X’ migrates a little faster than histone H4 on 
acid-urea gel electrophoresis (fig-l, lane a). The 
characterization of this protein is now in progress. 

The amino acid compositions of intermediate 
proteins Sr and SZ are presented in table 1. Both 
proteins are devoid of phenylalanine and cysteine, 
but are mainly characterized by a high content of 
basic residues which represent 47% and 35.8% cf 
the total number of residues in SI and SZ, respec- 
tively. They differ markedly from each other by 
their arginine to lysine ratio: 3.66 in Sr in which 
arginine accounts for 34% of the total number of 
residues; 0.72 in SZ which contains f9.4070 of 
lysine. Moreover Sr differs from S2 by the lack of 
alanine and by a less hydrophobic character which 
explains its smaller retention time in reverse phase 
high pressure liquid chromatography. The amino- 
terminal sequences of St and SZ were found to be 
(H) Thr-Lys-Ser-Arg-Tyr-Arg- and (H) Val-Lys- 

A2 

0.6 - 

0.4 - 

a2. 

m CH3CNW) 

I 

0 
18 36 54 n 

Fig.3. Separation of proteins SI and S2 by high pressure 
liquid chromatography. 1 mg of the fraction containing 
proteins SI and S2 (fraction 2 in fig.2) was dissolved in 
60~1 of 0.01 N HCl, 8 M urea and kept overnight at 
4°C. The protein solution was dimted with 20~1 of 
0.01 N HCl, centrifuged and loaded on a micro- 
Bondapak column (9~m, 0.39 x 30 cm) equilibrated 
with 10% acetonitrile in 0.05% trifluoroacetic acid. The 
proteins were eluted with a linear gradient from lo-25% 
in acetonitrile in 0.05% trifluoroacetic acid for 30 min. 
The flow rate was 2 ml/min and fractions of 1.2 ml were 

collected. 

Ser-Arg-Tyr-Ser-, respectively. Arginine was 
found at the carboxy-terminus of Sr and the 
carboxy-terminal sequence of SZ was established as 
-Arg-Leu (OH). Taking into account all these 
resuits, each protein can be considered as a specific 
molecule. 

The determination of the relative A4r of Sr and 
SZ by SDS polyacrylamide gel electrophoresis was 
rendered impossible because the two proteins are 
insoluble in sodium dodecyl sulphate as are prot- 
amines. However, their electrophoretic mobilities 
in acid-urea gels (fig. 1, lane e) as well as the data 
of the amino acid analyses indicate that their M, 
must be intermediate between that of histone H4 
(MC -11300) and that of protamine Zl (Mr 
-7200). Their amino acid compositions and 
especially their very high content in basic residues 
as well as their amino terminal sequences exclude 
that proteins Sr and SZ could be histone proteolytic 
products [18]. Moreover, the lack of alanine in Sr 
and of cysteine in both proteins leads to the con- 
clusion that neither of them can be regarded as 
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high M, precursor of protamines ([19] and M. 
Gusse et al., unpublished), since all 4 protamines 
contain alanine and 3 of them (Zl, 22 and S4) are 
cysteine-rich. Consequently, proteins Sr and SZ are 
basic nuclear proteins which are characteristic of 
spermatid nuclei at mid-spermiogenesis. 

On the other hand, dog-fish intermediate pro- 
teins Sr and SZ share no common feature with 
spermatid-specific basic proteins previously 
characterized in rat testis [2-61 and human testis 
[Ill. 

So, these spermatid-specific proteins also appear 
to be species- or perhaps class-specific proteins. 
The respective primary structure of proteins Sr and 
SZ are presently under investigation and their deter- 
mination would enable us to get an insight into 
their biological role which is presumed to be the 
replacement of histones and the onset of 
chromatin condensation which is completed by 
protamines. 
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