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Ultrastructural localization of enzymatic activity during spermiogenesis
in two phytophagous bugs (Hemiptera: Pentatomidae)

A.P. Fernandes
S. N. Bao

Abstract

Ultrastructural cytochemical techniques were used for the localization of phosphatases and
oxidases in spermatid and spermatozoon of the phytophagous bugs Acrosternum aseadum
and Nezara viridula (Hemiptera: Pentatomidae). Acid phosphatase was found mainly in the
trans most portion of the Golgi complex, and in the acrosome of spermatozoon. Glucose-6-
phosphatase was located in the endoplasmic reticulum, trans portion of the Golgi complex and
in the acrosome of spermatids. The axoneme showed activity of acid phosphatase, glucose-6-
phosphatase and thiamine pyrophosphatase. This observation supports the idea that various
phosphates may play some role in spermatid differentiation. Indeed, the presence of
cytochrome oxidase activity was only shown in the mitochondrial cristae of early spermatids,
suggesting also the participation of this enzyme during spermatid differentiation of this insect.

Keywords: Acrosternum aseadum, cytochemistry, cytochrome C oxidase, insects, Nezara
viridula, phosphatases

Introduction

The spermatozoon is the result of a complex process of cellular differentiation. During
this process, morphofunctional modifications occur based on biochemical and cytochemical
changes (Phillips, 1970; Baccetti, 1972; Fawcett, 1975). The constructive and regressive cellular
alterations occurring during spermiogenesis provide spermatozoa capable of reaching and
fertilizing immotile oocyte. These morphogenetic changes involve sequestration and
condensation of genetic and energetic material and elimination of nuclear and cytoplasmic
components non essential to fertilization (André, 1963; Anderson et al., 1967).

This phenomenon involves the participation of several enzymes, including
phosphatases. Acid phosphatase is a hydrolase which participates in the metabolism of
phosphate. This enzyme has been localized in proacrosomal vesicles (Anderson, 1968; Souza et
al., 1988; ThorneTjolmsland et al., 1988; Bao et al., 1989; Furtado & Bdo, 1996), on the
axoneme (Anderson et al., 1968; Bigliardi et al., 1970; Baccetti et al., 1971; Beaulaton &
PerrinWaldemar, 1973; Bao & Dolder, 1990; Bdo, 1991; 1996; 1998; Bdo & de Souza, 1994) and
plasma membrane (Anderson et al., 1968; Bao & de Souza, 1994). Thiamine pyrophosphatase
activity has been detected in the plasma membrane of insect (Baccetti, 1977; Bao & de Souza,
1994) and mollusc sperm cells (Anderson et al., 1968), as well as in the Golgi complex and
axoneme of some invertebrates (Yasuzumi & Lee, 1966; Bdo & de Souza, 1994; Furtado & Bdo,

1996). In addition, glucose-6-phosphatase activity has been shown in the endoplasmic



reticulum and Golgi complex of rat (Thorne- Tjolmsland et al., 1991) and insects spermatids
(Bdo & de Souza, 1994; Furtado & Bao, 1996) and in the axoneme and mitochondrial
compartments of spermatozoa of some invertebrate and vertebrate species (Anderson &
Personne, 1970; Bigliardi et al., 1970). The existence of such enzymatic activity to cytochrome
C oxidase in the mitochondrial derivatives has been previously described in insects (Anderson
& Personne, 1970; Bigliardi et al., 1970; Baccetti et al., 1973; Bao et al., 1992).

The cytochemical study is useful to determine the functional role of different elements
of the spermatozoon in its movement and in the fertilization process, and particularly to detect
the role of enzymes in sperm development. The present paper analyses the localization of acid
phosphatase, cytochrome C oxidase, glucose-6-phosphatase and thiamine pyrophosphatase
during spermiogenesis of Acrosternum aseadum and Nezara viridula which are pests of

economically important crops throughout the world.

Materials and methods

The insects utilized were male adults of the phytophagous bugs Acrosternum aseadum
and Nezara viridula (Hemiptera: Pentatomidae), obtained from a colony maintained in the

National Center of Genetic Resource (CENARGEN), Brasilia-Brazil.

Enzyme cytochemistry

The testes were dissected and briefly fixed for 15 min at 4°C in 1% glutaraldehyde
buffered with 0.1 M sodium cacodylate buffer, pH 7.2. After fixation, the specimens were

washed with buffer and used for the cytochemical experiments.

Acid phosphatase activity

The fixed-washed testes were incubated for 1 h at 37°C in the following medium: 0.1 M Tris-
maleate buffer, pH 5.0, 7 mM cytidine-5' -monophosphate, 2 mM cerium chloride and 5%

sucrose (Pino et al., 1981). For controls, the substrate was omitted.

Glucose-6-phosphatase activity

The fixed-washed testes were incubated for 1 h at 37°C in the following medium: 5
mM glucose-6-phosphate, 5 mM manganese chloride, 4 mM cerium chloride, 5% sucrose and
0.1 M Tris-maleate buffer, pH 6.5 (Robinson & Karnovsky, 1983). The controls were incubated

in the same medium from which the substrate was omitted.



Thiamine pyrophosphatase activity

The fixed-washed testes were incubated for 1 h at 37°C in the following medium: 2.2
mM thiamine pyrophosphate, 5 mM manganese chloride, 4 mM cerium chloride, 5% sucrose
and 0.1 M Tris-maleate buffer, pH 7.2 (Angermuller & Fahimi, 1984). The controls were

incubated in the same medium from which the substrate was omitted.

Cytochrome C oxidase activity

The fixed-washed testes were incubated for 1 h at 37°C in medium 3 mM 3.3'-
diaminobenzidine tetrahydrochloride (DAB) (Sigma), 10 mM cytochrome C (Sigma), and 5%
sucrose in 0.1 M phosphate buffer, pH 7.2 (Seligman et al.,, 1968). In control preparations,
cytochrome C was omitted.

After incubation of the testes in one of the media as described above, the specimens
were washed with cacodylate buffer and fixed again for 3 h at 4°C in a solution containing 4%
paraformaldehyde, 2% glutaraldehyde in 0.1 M sodium cacodylate buffer, pH 7.2. The
specimens were then washed in clean buffer, and postfixed in a solution containing 1%
osmium tetroxide, 0.8% potassium ferricyanide and 5 mM calcium chloride in 0.1 M sodium
cacodylate buffer. Subsequently, they were dehydrated in acetone and embedded in Spurr.
Thin sections were stained with uranyl acetate and lead citrate, and examined in a Jeol JEM

100 C or in a Zeiss 912 transmission electron microscope.

Results

The general structure of the spermatids in Acrosternum aseadum and Nezara viridula
by transmission electron microscopy has been described in detail previously (Fernandes & Bao,
1998a). The spermatids undergo a series of modifications, resulting in the formation of a highly
differentiated cell, the spermatozoon, which consists of two anatomically and functionally
distinct regions: a head, containing the nucleus and the acrosome, and the tail, which is
formed by an axoneme and two mitochondrial derivatives, containing two paracrystalline

structures.



Acid phosphatase activity

Incubation of spermatids in a medium containing cytidine- 5’- monophosphate as
substrate, and cerium as capture agent, led to the appearance of an electron-dense reaction
product, indicating the presence of acid phosphatase activity. The reaction product was seen in
association with the Golgi complex, in the trans-most region and trans Golgi network of early
spermatids (Fig. 1). However, no reaction product was observed in the proacrosomal granule
(Fig. 1), although it has been shown that the Golgi complex participates actively in the
formation of acrosome. On the intermediated phase of spermiogenesis the reaction product
was uniformly distributed on the acrosome (Fig. 2). In the final stages, the reaction product
was observed mainly on the posterior region of acrosome, with some electron dense
precipitated on the acrosomal membrane and acrosome content (Fig. 3).

Deposition of reaction product was localized specifically in the spermatid and
spermatozoon axoneme (Figs 4—6). In spermatids, a light deposition of reaction product was
observed (Fig. 4), and in the spermatozoon, marked deposition was observed on the axoneme

(Figs 5 & 6). The reaction product was also observed in the crystae of mitochondrial derivative

(Fig. 6).

Glucose-6-phosphatase activity

Following incubation of the spermatids in a medium containing glucose-6-phosphate
as substrate and cerium chloride as capture agent, reaction product was seen in association
with the endoplasmic reticulum in early spermatids (Fig. 7). In the next stage, reaction product
was seen in association with Golgi complex, in the trans region and trans Golgi network, as
well as on some vesicles from the Golgi complex (Fig. 8). A light labeling was observed on the
acrosome of late spermatids, mainly over the acrosomal membrane (Fig. 9).

A diffuse weak reaction was observed on the membrane of the nebenkern of
spermatids (Fig. 10). Reaction product was observed on the axoneme of spermatozoa, in the
radial spokes that extend from the central pair of microtubules towards the nine microtubule

doublets, as well as around the accessory microtubules (Fig. 11).



Figs 1-3 Localization of acid phosphatase activity. Fig. 1 The reaction product is associated with trans
Golgi and trans Golgi network (arrowhead) on N. viridula spermatids. Gc, Golgi complex; N, nucleus; Pa,
proacrosomal granule. X 30 000. Fig. 2 Thin section of N. viridula spermatid showing the reaction
product in the acrosome (A); N, nucleus. X 69 000. Fig. 3 Transverse section through A. aseadum
spermatozoon head. The reaction product was observed mainly on the posterior region of acrosome (A)
N, nucleus. X 101 000. Figs 4-6 Localization of acid phosphatase in the flagellar region of N. viridula
spermatid Fig. 4 Transverse section on spermatid flagellum showing reaction product on the axoneme
(Ax); and in a digestive vacuole (arrow). Md, mitochondrial derivatives. X 68 000. Fig. 5 Transverse
section of spermatozoa flagellum showing strong reaction on the axoneme (Ax). Md, mitochondrial
derivatives. X 69 000. Fig. 6 Longitudinal section through flagellum spermatozoon showing the reaction
product in the axoneme (Ax), and in the mitochondrial derivatives (Md) crystae (arrowhead). X 56 000.



Figs 7-11 Localization of glucose-6-phosphatase activity. Fig. 7 Early spermatid of A. aseadum showing
the reaction product on the endoplasmic reticulum (arrow). M, mitochondria; N, nucleus. X 30 000. Fig.
8 Spermatid of A. aseadum showing reaction product on the trans Golgi (arrowhead), trans Golgi
network (*), and some vesicles (arrow) from the Golgi complex (Gc). N, nucleus; Pa, proacrosomal
granule. X 35 000. Fig. 9 Transverse section through head region of N. viridula spermatid in final stage of
differentiation. Reaction product can be seen in the acrosome (A), and acrosomal membrane
(arrowhead). N, nucleus. X 108 000. Fig. 10 Initial stage of A. aseadum spermatid differentiation.
Reaction product can be seen in membrane (arrowhead) of nebenkern (Nb). X 7500. Fig. 11 Transverse
section through N. viridula spermatozoon flagellum. The reaction product was observed on the
axoneme (Ax). The mitochondrial derivatives (Md) are formed by paracrystalline structures (*). X 110
000.

Thiamine pyrophosphatase activity

After incubating the spermatids in a medium containing thiamine pyrophosphate as

substrate, and cerium as capture agent, no reaction product was found in the Golgi complex of



early spermatids (Fig. 12), indeed no reaction product was observed on the acrosome of
spermatids on the intermediated phases of differentiation (Fig. 13).

Reaction product indicative of thiamine pyrophosphatase activity was seen in the
endoplasmic reticulum cisternae surrounding the axoneme and the tail elements (Fig. 14). This
reaction product was also observed on the paracrystalline structure of the mitochondrial
derivatives of spermatids (Fig. 14) and spermatozoon (Fig. 15), as well as on the axoneme of
spermatozoon, mainly around the central pair of microtubules and around the accessory

microtubules (Fig. 15).

Cytochrome C oxidase activity

After incubation in a medium with cytochrome C as substrate and diaminobenzidine
tetrahydrochloride (DAB) as capture agent, the cytochrome C oxidase activity was evidenced in
mitochondrial cristae of early spermatids (Figs 16 & 17). However, this reaction product was
not seen in the paracrystalline structures or in the last stages of sperm maturation process
(Fig. 18). In all cases, omission of the substrates from the incubation medium abolished the

appearance of reaction product (not shown).

Discussion

The spermiogenesis process involves the structural and physiological transformation of
organelles to more adapted forms, at the fertilization process. These changes involve transient
establishment of cytoplasmic compartments related to cell elongation and cytoplasmic
elimination. Hence, during spermiogenesis, only components essential to fertilization are
preserved and all other components are discarded (Andre, 1963; Anderson et al., 1967).
Several enzymes may be involved in this remodeling, as well as in the chemical changes which
occur during this process.

During the early phase of spermiogenesis, in A. aseadum and N. viridula, the Golgi
apparatus contributes with material to the developing acrosomic system, similarly to what
occurs in other insects (Bao et al., 1989; Ndiaye & Mattei, 1992; Bdo & de Souza, 1994;
Fernandes & Bao, 1998b). Our observations show that acid phosphatase can be detected
cytochemically in the Golgi complex, acrosome and axoneme. The acid phosphatase activity
has been associated with the Golgi because, by definition, the trans Golgi network is the site
where proteins finally exit from the Golgi to their respective cellular sites (Griffiths & Simons,
1986; Grab et al., 1997), i.e. plasma membranes, secretion granules and lysosomes. In

germinal cells, the presence of acid phosphatase has been mainly related to the acrosome



(Anderson, 1968; Allison & Hartree, 1970; Souza et al., 1988; Bdo et al., 1989) and the
axoneme (Anderson et al., 1968; Bigliardi et al., 1970; Baccetti et al., 1971; Beaulaton & Perrin-
Waldemar, 1973; Bao & Dolder, 1990; Bdo, 1991; 1996; 1998; Bao & de Souza, 1994).

In the proacrosomal vesicle of A. aseadum and N. viridula the reaction product of acid
phosphatase is entirely absent. As this vesicle condenses and attaches itself to the nucleus, the
reaction product of this reaction increases. In the mature spermatozoa the reaction product is
redistributed and the posterior region of acrosome exhibits a heavy concentration of
precipitate. Thus, during acrosome maturation, the response to the acid phosphatase reaction
is considerably modified and seems to vary among species (Bao et al., 1989; Anderson, 1968;
Souza & Azevedo, 1986; Furtado & Bdao, 1996).

The region of the axoneme where acid phosphatase activity was detected corresponds
to those described for the spermatozoa of other insects (Anderson et al., 1968; Bigliardi et al.,
1970; Baccetti et al., 1971; 1973; Beaulaton & Perrin-Waldemar, 1973; Bao & Dolder, 1990;
Bdo, 1991; 1996; 1998; Bao & de Souza, 1994). This enzymatic activity is present only after the
axoneme has acquired all its microtubules and interconnecting fibres, and is fully equipped for
movement. Thus, acid phosphatase might be involved in the metabolism of phosphate
compounds important to flagellar motility. Acting strictly as a hydrolase it could regulate the
content of hydrolyzable substrate and the equilibrium and activities of other enzymes in the
axial filament. The reaction product of acid phosphatase present on the mitochondria
derivative crystae could be an enzymatic activity or deposits due non integrity of membrane
plasmatic.

In the present study, in spermatids, endoplasmic reticulum cisternae displayed
glucose-6-phosphatase activity. This observation confirms the association of this enzymatic
activity with the endoplasmic reticulum in germinal cells (Thorne-Tjomsland et al., 1991; Bao &
de Souza, 1994; Furtado & Bdo, 1996). In Acrosternum and Nezara spermatids glucose-6-
phosphatase it is not restricted to the endoplasmic reticulum as in hepatocytes (Farquhar et
al., 1974). It is present in the Golgi complex, mainly on the trans region and trans Golgi
network, as well as in vesicles that bud from the Golgi complex. These results suggest an
important role of this enzyme during acrosome formation. This enzyme is detected also on the
acrosome, which is rich in hydrolases, as well as on the nebenkern of spermatid and on the
axoneme of spermatozoon. The presence of glucose- 6-phosphatase in spermatids and

spermatozoa indicates the presence of glycogenolytic pathways.



Figs 12—15 Localization of thiamine pyrophosphatase in A. aseadum spermatids. Fig. 12 Initial stage of
spermatid differentiation. Neither reaction product was observed on the Golgi complex (Gc) as well as in
proacrosomal granule (Pa). N, nucleus. X 34 000. Fig. 13 Transverse section through head spermatids.
Neither reaction product was observed on the acrosome (A). N, nucleus. X 48 000. Figs 14 & 15
Transverse section through flagellar region, showing reaction product on the axoneme (Ax) of the
spermatozoon and on the paracrystalline structures (arrowhead) in the mitochondrial derivatives (Md)
of spermatids and spermatozoon. Reaction product was also observed in the endoplasmic reticulum
(arrows). X 32 000; X 104 000, respectively. Figs 16—18 Localization of Cytochrome C oxidase. Figs 16 &
17 Section through N. viridula spermatid on the flagellar region. Reaction product was observed on the
cristae (arrow) of mitochondrial derivatives (Md) of early spermatids. Ax, axoneme. X 21 000; X 52 000,
respectively. Fig. 18 No reaction product is observed in A. aseadum spermatids in late stages of
differentiation. Ax, axoneme; Md, mitochondrial derivatives



Thiamine pyrophosphatase is generally considered to be a cytochemical marker for the
trans side of the Golgi complex in many cell types (Cheetham et al., 1971; Angermuller &
Fahimi, 1984; Roth et al., 1985). However, in Acrosternum and Nezara spermatids, it was not
possible to detect this enzyme on the Golgi complex or in the acrosome, but this enzymatic
activity is present in the endoplasmic reticulum cisternae. Thiamine pyrophosphatase can
serve as an enzyme to monitor the process of glycosilation and is an important indicator of
cellular metabolic activity (Thomopoulos et al.,, 1992). The presence of thiamine
pyrophosphatase on paracrystalline structures of the mitochondrial derivatives, in several
stages of spermatid differentiation, indicated a possible participation of this enzyme in the
pyruvate metabolism. Previous studies have shown that thiamine pyrophosphatase is
necessary for the oxidative phosphorylation of pyruvate (Anderson et al., 1968). Consequently,
its consistent appearance on mitochondrial crystal suggest that this enzyme has a metabolic
role in mitochondrial derivatives as well as in the axoneme of spermatozoon, which presents a
metabolic activity related to flagellar movement.

The changes that take place in the mitochondria during spermatid differentiation lead
to the appearance of a distinct compartment in the mitochondria of the insect sperm. The
paracrystalline organization may result from the reorganization of the mitochondrial cristae
proteins. Our observations show the presence of cytochrome C oxidase activity only in
mitochondrial cristae. In insect sperm, the paracrystalline structure does not seem to have
cytochrome C oxidase activity as is usually found in mitochondrial cristae (Bigliardi et al., 1970;
Baccetti et al.,, 1973; Perotti, 1973). However, this enzymatic activity has been previously
described in the amorphous material and membrane complexes that surround the
paracrystalline structure in mosquito spermatozoon (Bao et al.,, 1992). This result indicates
that the activity of cytochrome C oxidase occurs mainly in the early phase of spermatid
differentiation and that this enzyme is not essential for the final stages of differentiation, or for
the flagellum movement (Baccetti et al., 1973).

In situ detection of enzymes activities contributes to the understanding of their
biological role in vivo by relating function to localization in subcellular compartments. Thus,
acid phosphatase, glucose-6-phosphatase, thiamine pyrophosphatase and cytochrome C
oxidase might be involved in spermatid remodeling, as well as in the chemical changes which
occur in spermatids during spermiogenesis. Further studies are necessary to elucidate their

role.
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