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ELECTROPHORETIC ANALYSIS OF SPERM BASIC PROTEINS IN
SCHROEDERYCHTHYS CHILENSIS AND COMPARISON WITH OTHER
CARTILAGINOUS FISH.
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ABSTRACT. Electrophoretic analysis of sperm basic proteins in
Schrosderychthys  chilensis and comparison with other
cartilaginous fish.

The sperm basic nuclear proteins from testis of the elasmo-
branch fish Schroederychthys chilensis show & main bands, 3C1,
$C2, SC3 and SC4 (doublet), migrating faster than evolutionarily
conservative histone H4 on an acid/urea polyacrylamide gel. In
addition, a fainter band, 35C5, migrates more rapidly in the
region of salmon protamine. In epididymis of S. chilensis band
SC5 increases in intensity, band SC1 disappears and bands SC2,
5C3 and 5CY% remain present. The electrophoretic mobilities of 5.
chilensis sperm basic proteins are compared with those in 2
other elasmobranchs Scylliorhinus caniculus and  Squalus
acanthias, as well as the holocephalan fish Hydrolagus colliei.
The results indicate that there are some similarities amongst
the sperm basic proteins of these species of cartilaginous fish.
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RESUMEN. An3lisis electroforético de las proteinas espermaticas
bésicas en Schroederychthys chilensis y comparacidn con otros
peces cartilaginosos.

Las proteinas nucleares basicas del testiculo del pez elasmo-
branguio Schroederychthys chilemsis muestran & bandas principa-
les, S§C1, SC2, $C3, SCh, las cuales migran mds rapidamente que
la histona K4 en electroforesis en geles de poliacrilamida urea-
acético. Ademds, se observa una banda mds débil, SC5, la cual
migra en 1la regidon que lo hace la protamina de salmon. En el
epididimo de 5. chilensis la banda 5C5 aumenta en intensidad, la
banda 5C1 desaparece y las bandas $C2, 3C3 y SCh se mantienen.
Llas mobiligades electroforéticas de las proteinas bisicas de
espermatczoos de 3. chilensis se comparan con las de los elasmo=

branquios $cylliorhinus caniculus y Scualus acanthias, asi como
también con las del pez holocéfale Hidrolagus colliei. Los
resultados sefalan gque existen algunas similaridades entre las
proteinas espermdticas b@sicas de estas especies de peces carti-

laginosas.

INTRODUCTION

Spermatogenesis offers an  excellent
model to Tnvestlgate the relatlonshlp
between changes In nuclear proteln
composition and the structural and
tunctional transitlions that chromatin
undergoes durlng the dlfferentiatlion of
the germinal cell |lne. Sperm chromatin
Is generally characterized by a highly
compacted structure. In a number of
specles thls Is obtalned after the
elimination of histones and non-hlstone
protelns and thelr replacement by low
molecular welght, higly baslc protelns,
the protamines (Ando et al. 1973, Bloch
1969).

In contrast with the structural con-
servation of nuclecsemal core histones
during evelution {lIsemberg 1979) pro-
t+amlnes differ considerably from one

species 1o another (Bloch 1576). In
several flsh, sperm DNA Is assoclated
with typical protamines: protelns richs
In arginine (60 - 80%) and having a
very low content or the absence of
acldle and hydrophoble amlnoe aclds. |In
other specles, as separated phylo-
genetically as cartilagincus flish,
memmals, octopus and Insects (Cheval-
Ilier 1983, Kaslnsky et al. 1985,
Kaslnsky 1987 and Sublrena 1583) beslc
proteins have been descrlbed simllar to
protamines but containlng cystelne.
This permits cressiinking of the
protamine through -5-5- bonds In the
flnal stages of spermiogenesis, making
the sperm chromatin more compact.

In thils paper, we analyze electro-
phoretically +the testiculer and epl-
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dldymal baslc nuclear protelns from the
elasmobranch Schroederychthys chllensis
and compare their electrophoretic pro-

MATERIALS
Sperm were collected from ripe
testls and epldlidymls of a single
representative of the elasmobranch

Schroederychthys chllensls obtalned at
the "Instltute de Oceanclogfa”, Monte-
mar, Valparalso, Chlle. Testlicular
sperm were obtalned from testlicular
ampullae opposite the germinal
Phase mlcroscopy showed sperm predoml-
nantly but some late spermatids may
also have been present. Epldidymls was
cut Into small pleces and shaken gently
untll sperms were released. All stages
of purltication were cerrled out at
4eC, Testlcular and epididymal sperm
ware homogenlzed In a Potter-Elveh jem

ZON8.

homogenlizer In buffer A: 150 mM KCI,
0.34 M sucrose, 20 mM Trls-HCI, pH 7.5
and 0.5 mM phenyImethylsulphony |
fluoride (PMSF)}. After centrlfugation

at 5000 x g for 10 minutes +the cells
were washed twice with the same buffer
A plus 0.4% Triton X-100 for 15 minutes
and centrifuged. Then the testlicular
sperms were put Into 8 M urea, 1.4 B-
mercaptoethancl (B-MET) and Tncubated
wlth magnetic stirring for 10 mlnutes.
Epididymal sperms were placed In a
simllar medlum and incubated for 15
minutes. The pellet was washed +twice
with buffer A and extracted overnight
with two volumes of 0.25 M HCl. After

centrltugation, the supernatant was

adjusted to 208 (w/v) with solld
trichloroecetic acld (TCA). Protelns
were preclpltated overnlght at 02C,

perties with those of sperm baslc pro-
teins In other cartilaginous fish.

AND METHODS

pelleted, washed with acetone-HC|, then
acetone and tlnally alr dried.

S. chllensls sperm basic protelns
were analyzed by electrophoresis on 15%
polyacrylamide slab gels, pH 3.2, 6.25
Murea, 15 x 15 x 0.3 cm, according +o
Panylm & Chalkley 1969, After elec—
trophoresis, gels were stalned with
0.2% (w/v) amldoblack 1n 308 (v/v)
methanol /7% (v/v) acetlc acld for 5-8
hours, destained In several changes of
30% methanol/7% acetlc acld for 5-8
hours and photographed. The mobllitlies
of §., chllensis sperm baslc protelns
relative to marker protamine were com-—
pared wlth those of the elasmobranch
dogfish Scylilorhinus caniculus
(Chauviere et al. 1983, Gusse & Che-
vallller 1978, 1981, Gusse et al. 1983
and Sautiere et al. 1984), and Squalus
acanthlas (Bols et al. 1980}, as well
as the holecephalan ratilsh Hidrolagus
colllel (Bols & Kasinsky 1974 and
Kaslnsky et al. 1985). Either salmon
or herring protamine purchased from
Slgma Chemical Co., St. Louls, MA.,
U.8.A., was used as a marker protamlne.
S. canlculus epldidymal sperm baslc

proteins {(Gusse et al. 1983) were a
glft of Drs. M. Gusse and P. Che-
valllter. Tetrapygus nlger histones
were a glft of Or. M. |Imschenetzky.

Testls-specific basic protelns from S.
acanthlas (KaslInsky et al. 1985) and H.
colllel (Kasinsky et al. 1985) were
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obtalned using the micromethod of Loule
& Dixon 1972 to prepare nuclel and

extracted with 0.4% M HCI/5%8 (v/v)
B~MET.

RESULTS

Flve baslc nuclear protelns present
In testicular sperm of Schroederychthys
chlilensls were nomlnated SC1 to SC5
In Flg. 1, lane 2. Band 5C4 s a dou-—
blet, perhaps due to post- transia-
tlonal modlfication. In the case of
epldidymal sperm only four components
flg. 3 oceur, SC2 +o SC5 (Flg. 2, lane
2). These protelns migrate more rapldly
than the sperm-specific histones of the
sea urchin Tetrapygus niger (Flg. 2,
lane 1) and except SC5, more slowly
than salmon protamine (Flg. 2, lane 3).
Band SC4 1s present as a single compo—
nent and somatlc hlstones are almost
completaly absent In the eplididymls
(Fig. 2, lane 2}.

A slimllar proflle of testis-speci-
flc baslc protelns +o +that of 5.
chllensis (Flg. 3A, lene 2), judgling
from the electrophoretic mobllity rela-
tive to herrlng protemine (Flg. 3A,
lane 4 and Table 1)}. Baslc proteln
5C4 In S. chilensls comlgrates with the
baslc proteln D6 lsolated from S. acan—
thlas (Flg. 3, lane 2 and 4) and wlth
the protamine Z3 In S. caniculus (Gusse
& Chevallller 1981). Likewlse basic
protelns SC2 and SC3 comigrates with S.
canlculus keratinous protamines Z1  and
Z2 respectlively, as well as with pro-
telns D4 and D5, respectively, In 5.
acanthlas testls. Baslc proteln 5C5
eppears to be the S. chllensls equliva-
lent of keratinous protamine S4 in S.
cenlculus. Baslc proteln SC3 alse has
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Fig- 1. Electrophoretic profiles of
basic proteins from testicular
sperm of Schroederychthys chi-
lersis. The direction of elec-
trophoresis is from top to
bottom. K1 = very lysine-rich
histone; H3, HZB, H2A, KL =
core histones; SC = basic pro-
teins from sperm of 5. chilen-
sis; P = salmon protamine.
Lane 1. Sperm histones of the sea
urchin Tetrapygus niger
Lane 2. Basic proteins from testicular
sperm of 5. chilensis.
Lane 3. Salmon protamine.
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a simllar relatlve electrophoretic
mobl11ty to that of baslc protelns R4

Fig. 2. Electrophoretic profiles of
besic proteins from epididymal
sperm of Schroederychthys
chilensis.

Lene 1. Sperm histones of T. niger.
Lane 2. Baslc proteins from epididymal
sperm of S. chilensis.

Lane 3. 3almon protamine.

and RS 1In the holocephalan ratfish
Hydro lagus colllel (Table 1).

DISCUSSION

The electrophoretic pattern obtalined
for the basle protelns from sperm of
Schroederychthys chllensis Is very si-
milar +o that of the lesser spotted
dogflsh Scylllorhynus canlculus des-
cribed previously by Gusse & Cheval-
Ilfer 1978. The gel patterns only
ditter In the number of Intermedliate
protelns: only one (SC1) In 5. chllen-
sfs  but two (SC1 and SC2) In S.
canfculus. Thls may be due to dlffe-
rences In the steges of sperm matura-

tlon as proteln 52 dlsappears before Si
In 5. cenlculus (Gusse & Chevallller
1981). Also, In S. chllensls, durlng
the fInal maturetlon of spermatozoa In
the epldidymlis, proteln SC1 is comple=
tely ellminated (Flg. 2). At this
stage, the electrophoretic protflie for
basic proteins of S. chllensis Is close
to that descrlbed for S. canlculus by
Gusse & Chevallller 1978, 1981, both
representetives of the famlly Scylllo-
rhinidae in the order Carcharhinlformes
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Fig.3.

Gel A
Lane
Lane 2.

Lane 3.

Electrophoretic profiles of testis- or epididymis-specific proteins in the
elasmobranch fishes Scylliorhinus caniculus and Squalus acanthias and the
holocephalan fish Hydrolagus colliel. The direction of electrophoresis is
from top {+) to bottom (-). H4 = evolutionarily conservative core histone
K4y 11, 12, S4 = sperm-specific keratinous protamines of 3. camiculus; I3 =
protamine of S. caniculus sperm; 01-D6 + testis-specific basic proteins of
$. acanthias; R1-RS = testis-specific basic proteins of H. colliei; P =
herring protamine.

Protamine 13 purified from S. caniculus epididymis and vas deferens by
Gusse et al. 1983, using 0.25 M HCl extraction.

Testis-specific besic proteins extracted from the dogfish 3. acanthias
with 0.4 M HC1/5% B-MET.

Testis-specific basic proteins extracted from the ratfish H. colliei
with 0.4 M HC1/5% B-MET.
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Gel B

Lane 1, H. colliei testis-specific basic proteins.

Lane 2. 3. caniculus protamine 13
Lane 3. 5. caniculus scylliorhinines

12, Sh extracted from epididymis and

vas deferens (Gusse et al. 1983) with 10mM OTT and alkylated with 12.5

mM jodo acetamide.

Lane 4. S. acanthias basic proteins from an inmature testis.
Lane 5. H. colliei somatic histones from heart cell suspension extracted with

0.4 M HC1/5% B-MET.

Lane 6. Herring protamine.

(Compagno 1973). Llkewlse, the testis-
speciflc baslc protelns from the splny
dogfish Squalus acanthlas have simllar
electrophoretlc moblll+les wilth those
from S. chllensls and S. canlculus.
The splny dogfish Is a representative
of a dltfferent family of elasmobranchs;
Squalldae corresponding to the Squall-
formes (Compagno 1973). This electro-
phoretic simllarlty In the sperm basic
protelns of elasmcbranch flshes Is
further supported by evldence obtalned
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TABLE 1. Relative electrophoretic mobilities of sperm basic proteins in
Schroederychthys chilensis and three other cartilaginous fish.

kp (a)

Species Basic Protein
Testis  Epididymis

Elasmobranchii:

Scroederycthys 5C1 0.55 -—
chilensis (b) st2 0.76 0.73
5C3 0.78 0.76
SCh 0.90-0.93 0.93
5C5 1.00 1.01
Scyliorhinus 21 - 0.72
caniculus (c) 12 e 0.78
13 ——— 0.94
Sh -— 1.01
Squalus D1 0.52 -—
acanthias (d) D2 0.54 -
03 0.62 -_—
Dk 0.72 -
05 0.78 —
113 0.94% -—
Holocephali:
Hydrolagus R1 0.41 ---
colliei /d) R2 0.51 ---
R3 0.59 -—
Rb 0.77 -
RS 0.79 —

(a) Rp = relative electrophoretic mobility. Rp of salmon or herring protamine =
1.005 Rp of core histone H4 = 0.36. 15% polyacrylamide gel as described by
Panyim & Chalkley 1969, 15 cm, amidoblack staining.

(b) Extracted with 0.25 M HC1 (See Fig. 1, 2).

(c) samples were gift of Drs. M. Gusse & P. Chevaillier, as prepared by Gusse et
al. 1983 from sperm of epididymis and vas deferens is extracted with 0.25 M
HCl.  Scylliorhinimes 21, 172, S4 were reduced with 10 mM dithiothreitel (DT1)
and alkylated with 12 mM iodoacetamide before acid extraction.

(d) Nuclei prepared from testis by the micromethod of Louie & Dixon 1972 were
extracted with 0.4 M HC1/5% B-MET. (See Fig. 3).





