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CRITICAL ELECTROLYTE CONCENTRATION OF SPERMATOZOAL CHROMATIN
CONTAINING HISTONE H1 VARIANTS

J.R.P. Falcé?and M.L.S. Mellb

ABSTRACT

The critical electrolyte concentrations (CEC) of sperm chromatin from animal species known or suspected to contain histone
H1 variants were compared by examining the affinity of their DNA-protein complexes for toluidine blue in the presence of Mg?*.
Bullfrog, sea urchin, bee and bumblebee spermatozoa were studied. The CEC for Rana catesbeiana and two sea urchin
species were similar to that of histone H5-containing chromatin from chicken erythrocytes, thus confirming the biochemical
and structural similarities of these DNA-protein complexes. The CEC for bees and the bumblebee, Bombus atratus, showed
no particular phylogenetic relationship. We concluded that the CEC of histone H1-containing sperm cell chromatin is a useful
indicator of variability in DNA-protein complexes but is of little phylogenetic value.

INTRODUCTION plexes occurs at different Migconcentrations (Vidal and
Mello, 1989; Amaral and Mello, 1989; Mello and Falco,
Spermatozoa have been grouped into many dissimi996; Tabogat al, 1996; Monteiro and Mello, 1998).

lar classes on the basis of the protein elements of their DNA- For spermatozoa, the CEC assay is particularly rel-

protein complexes. One of these categories of sperm nucleaant when comparing the DNA-protein complexes of in-

proteins includes somatic-like histones which belong wividual cells and when histone electrophoresis and other

Bloch’s (1969) Rand type or “type 4" class. The nuclear biochemical tests are not possible because of the small

basic protein oRanaspermatozoa contains sperm-specifiamount of sperm sample and/or the rarity of the species

very lysine-rich histone H1 variants (Kasingyal, 1985; investigated.

ltoh et al, 1997). DNA-protein spermatozoal complexes in In this study we compared the CEC of DNA-pro-

other animals such as sea urchins and honey bees also t&in- complexes of spermatozoa from animal species in

tain histone H1 variants (Subirana and Palau, 1968; Vermwhich different histone H1 variants are known or suspected

1972; Mello and Vidal, 1973; Stricklared al, 1976, 1980; to occur.

Pocciaet al, 1987; Puigdomenedt al, 1987; Mello and

Falco, 1996). MATERIAL AND METHODS
The availability and proximity of free DNA phos-
phates to each other in histone H1-containing nucleopro- Bullfrog, sea urchin, bee and bumblebee sperma-

tein complexes allows the binding of cationic dyes sudbzoa were studied. The species and specimen source are
as toluidine blue (TB), resulting in a basophilic reactiorenlisted in Table I. At least three specimens of each spe-
When histone H1 variants complex with DNA, differenties were used.
spectral patterns of basophilia are expected to be found  The testes of sexually mature bullfroggana
cytochemically, especially under TB and inorganic catatesbeianawere fixed in 1.75% paraformaldehyde and
ion (Mg?, for instance) competitive conditions (Vidal and.1% glutaraldehyde in 0.1 M phosphate buffer at pH 7.4
Mello, 1989). for 30 min. The fixed organs were embedded in paraffin
The critical electrolyte concentration (CEC) forand 10pm thick sections were prepared. Sperm smears
nucleic acids in nucleoprotein complexes has been defingdre obtained from the other species and fixed for 15 min
as the inorganic ion concentration at which the metachrio-the same solution as fBr. catesbeianaSea urchin ga-
masy due to nucleic acid TB staining (violet color) is abometes were collected following the intracoelomic injec-
ished, with the appearance of a green color (Vidal antidn of 2 ml of 0.5 M KCI.
Mello, 1989). The CEC of different DNA-protein com- The sections and smears were treated with a 0.025%
TB solution at pH 4.0 in the absence or presence of 0.02-
0.20 M MgCl. The preparations were then rapidly (5 s)
rinsed in distilled water, air-dried, cleared in xylene, and
mounted in Canada balsam.
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Table | - Species and specimen source investigated for sperm nucleoprotein cytochemistry.

Animal group Species Specimen source

Bullfrog Rana catesbeianfAmphibia, Anura) Ranario Aquavale (Jundiai, SP)

Sea urchin Lytechinus variegatysArbacia lixula Canal de Séo Sebastido
(Echinodermata, Echinoidea) (North seaside of the S&o Paulo Htate)

Bee Apis mellifera ligusticaA.m. adansonii Dept. of Genetics, FMRP/USP
(Hymenoptera, Apoidea) (Ribeirao Preto, SP)
Plebeia minima, Plebeia droryana, Friesella Dept. of General Biology, Fed.
schrottkyi(Hymenoptera, Apoidea) Univ. Vigosa (Vigosa, MG)
Eufriesia violaceaEulaemanigrita Serra do Japi (Jundiai, SP)

(Hymenoptera, Apoidea)

Bumblebee Bombus atratugHymenoptera, Apoidea) Dept. of Biology, FFCLRP/USP
(Ribeiréo Preto, SP)

RESULTS fast green staining after deamination are characteristic in-
dications of the presence of lysine-rich histone H1 types

Sperm cell nuclei from all species examined staing@loch and Hew, 1960; Mello, 1997).
violet (metachromasy) with TB in the absence of?Mg Rana catesbeiansperm cells contain nucleosomes
(Figure 1a, c, e, f). When the staining solution was supph&ith no regular spacing and sperm-specific histone H1
mented with M@ ions, the color of the stained nucleivariants essential for chromatin condensation in the sperm
changed to green once reached the DNA-protein CEC (Figiclei (Itohet al, 1997). These histones, which migrate
ure 1b, d). Although most sea urchin nuclei stained greéster than somatic histone H1 in AUT-PAGE, share ex-
when the CEC was reached, some nuclei still stainéshsive structural similarity with the chicken erythrocyte
metachromatically (Figure 1d). histone H5 (Itoket al, 1997).

The lowest CEC for the studied hymenopteran was The sperm chromatin of sea urchin sucAldmcia
found in honeybee subspeciégis mellifera ligusticeand lixula contains nucleosomes with DNA linkers that are
A.m. adansonjiand the highest in a stingless bB&eia longer than those of the somatic counterpart (Spadafora
minimg and an orchid be&(ifriesia violacea(Table II). al., 1976). Sea urchin spermatozoa also contain a sperm-

All the species responded positively to the alkaspecific histone H1 (Poccia, 1986) that is similar in many
line fast green test but were negative when this test waspects to chicken erythrocyte H5 (Stricklandl, 1976)

preceded by deamination. but differs in helicity (Puigdomeneddt al., 1987), and
may be responsible for the special compaction of the chro-
DISCUSSION matin (Poccia, 1995).

The presence of histone H1 has been indicated
The metachromatic staining after treatment witleytochemically imPApismellifera(Verma, 1972; Mello and
the TB solution at pH 4.0 and the negative response to ttielal, 1973; Mello and Falco, 1996). The electrophoretic
mobility of this histone differs from that of somatic his-
tone H1 of the same species, and from H1 standards from
calf thymus and rat liver, as well as histones H1 of sea
Table Il - CEC values for sperm chromatin DNA-protein complexes. urchin spermatozoa (Falco, J.R.P. and Mello, M.L.S., un-
published observations). The spermatozoal nuclear pro-

Species CEC (M) teins of bees other thapis melliferaand of bumblebee
R . have not been determined either by electrophoresis or cy-
ana catesbeiana 0.10 . . .
Lytechinus variegatus 0.12 tochemistry. However, the rgsults above indicate that his-
Arbacia lixula 0.12 tone H1 proteins also occur in the sperm cells of phyloge-
Apis m;:lllfera ligustica 8-82 netically distant Apoidea species (Michener, 1990).
Qigﬁe?ai?ii?:wg 015 The CEC for DNA-protein complexes has been
P. droryana 0.12 considered to be a function of the availability of free DNA
Friesella schrottkyi 0.12 phosphates for the competitive binding of TB and®Mg
Euf“es'a V'_O"'?‘tcea 8-12 (Vidal and Mello, 1989), but may be influenced by the
Bombus. atats o1 degree of chromatin condensation, which determines the
proportion of anionic binding sites per chromatin area
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Figure 1 a-f- TB staining in the absence (a, c, e, f) or presence éf Mgs (b, 0.10 M; d, 0.12 M) in sperm cell nuclei. &Rana catesbeiana,d:
Lytechinus variegatu®: Bombusatratus f: Eulaema nigritad, Metachromatically stained nucleus (arrow). ofariegatusat the CEC. Most of the nuclei
are stained green. e,f, A group of spermatozoal heads and an individual sperm cell nucleus are indicated (arropn.Bar: 10

(Amaral and Mello, 1989; Mello and Falco, 1996). Differ1999). The CEC for the spermatozoal chromatin of the two
ences in the CEC indicate corresponding differences $ea urchin species examined was similar to th&taofa

the DNA-protein complexes, as seen inclusive among tbatesbeianand identical to that of chicken erythrocyte chro-
bees in this study. However, the possible correlation withatin (Falccet al, 1999). The cytochemical data thus con-
phylogenetic position (Michener, 1990) was not observdam the biochemical and structural similarities in the DNA-
for the hymenopteran studied here. protein complex and chromatin supraorganization among

The CEC forRanacatesbeianaperm chromatin these species.

was close to that of the chromatin from chicken erythro- The observation that some sea urchin sperm cell
cytes under the same conditions of fixation (Fatal, nuclei exhibited metachromasy when the CEC had been
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reached in most of the cell nuclei suggests the occurrence uting to detection of abnormal DNA-protein complexes in bull sper-
ities i - i imi matozoaBraz. J. Genetl9: 97-103.

of abnormalities in the DNA-protein Complexes_ Slmllar t%qlgch, D.P.(1969). A catalog of sperm histon@enetics61 (Suppl.): 93-111.

those reported for bull spern_wgto;oa (MeIIo, 198_2' Beletti a ch, D.P.andHew, H.Y.C. (1960). Schedule of spermatogenesis in the

Mello, 1996). The abnormalities in the sea urchin sperm cells  puimonate snaltelix aspersawith special reference to histone tran-

may reflect the effects of environmental pollution caused by sition. J. Biophys. BiochenCytol. 7: 515-532.

. . . ~ - Ico, J.R.P.,Mello, M.L.S., Maria, S.S.andGrazziotin, N.A. (1999).
the oil splllage in the Canal de S&o Sebastido on the no tﬁ Critical electrolyte concentration of chicken erythrocyte chromatin.

eastern shore of Sao Paulo State (Schaeffer-Novelli, 1990). acta Histochem. Cytochertin press).
This damage to the DNA-protein complexes of the spermih, T., Ausio, J. andKatagiri, C. (1997). Histone H1 variants as sperm-

tozoa may have resulted in more Ioosely packed chromatin specific nuclear proteins &ana catesbeianand their role in main-
ith . d tibili tei | by th taining a unique condensed state of sperm chronidth.Reprod.
with an ncreased susceptibility f@otein removal by the Dev. 47 181-190.

MgCl, solution in a manner similar to that for somatic chraasinsky, H.E., Huang, S.Y., Mann, M., Roca, andSubirana, J.A. (1985).
matin treated with MY concentrations much higher than On the diversity of sperm histones in the vertebrates. IV. Cytochemical

. and amino acid analysis Anura J. Exp. Zool234 33-46.
the CEC (Amaral and Mello, 1989; Vidal and Mello, 1989)IVIeIIo, M.L.S. (1982). Induced metachromasia in bull spermatokiis:.

_ We conclude tha_lt t'he CEC of_ his_tone Hl-cor]tain- tochemistry74: 387-392.
ing sperm cell chromatin is a useful indicator of the influmello, M.L.S. (1997). Cytochemistry of DNA, RNA and nuclear proteins.
ence of histone H1 variants on the organization of DNA- ~ Braz. J. Genet2(: 257-264.

. . . . llo, M.L.S. andFalco, J.R.P. (1996). Critical electrolyte concentration of
protein complexes influenced by histone H1 variants, bMLF DNA-protein complexes in spermatozoal and somatic cell nuclei of the

is of little phylogenetic value. The biological significance honey beeApis mellifera. Insect Biochem. Mol. Bi@6 793-795.
of spermatozoal histone diversity as a phylogenetic attribiello, M.L.S. andVidal, B.C. (1973). Linear dichroism and anomalous dis-

. ; - Ol ; persion of birefringence on sperm heskiga Histochem5: 109-114.
is itself still unclear (BIOCh’ 1969; Oliva and Dixon, 1991)Michener, C.D. (1990). Classification of the Apidae (Hymenoptetaiv.

Kansas Sci. Bull54: 75-164.
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