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Abstract 

7 

PSTAIRE motif-like immunoreactivity was detected in mitochondria of spermatocytes and spermatids of 

cricket， GryUus bimaculatus， by immunocytochemical analysis with an antibody against conserved PSTAIRE 

motif found in Cdc2， CDK2 and CDK3. This immunor巴activitywas located in the pぽ inuclearregion during 

the late meiotic prophase. In round spermatids， the immunoreactive substanc巴sbecame aggregated n巴arthe 

nucleus and formed a large spherical body. In later elongate spermatids， the immunoreactivities were observed 

as fine grains along th巴 tails.Immunogold-electron microscopy of ultrathin sections of spermatids revealed 

that the distribution of gold lab巴lingwas restricted to -a large mitochondrion， which is known as the nebenkern. 

Several immunoreactive bands were detected by immunoblot of the testis巴xtract;the major band was 

estimated to be about 94 kDa. 

Introduction 

Spermatogenesis is an excellent example of cell di妊'erentiation.The male germ cells巴xhibitdramatic 

morphological changes， and various stage-specific proteins contribute to their development (Hecht， 1993). 

Our previous study on male germ cells of cricket， Gryllus bimaculatus， by means of lectin cytochemistry 

also showed the developmental changes of several kinds of glycoproteins (Suzuki and Nishimura， 1997a). 

To search for clues as to their function， and if possible， to select appropriate molecular markers that denote 

the cell state， we tested the immunor巴activities of cricket testis on several other antigens including 

cyclir吋 ependentkinases (CDKs). CDKs and their r巴gulatoryfactors， cyclins， ar巴 keyregulators of the cell 

cycle (Nigg， 1995). An immunocytochemical analysis by an antibody against the PSTAIRE motif， which is 

the conserved region of Cdc2 (CDK1) obtained in a broad range from yeast to human (Meyerson et al.， 

1992)， unexpectedly revealed the presence of the immunoreactivity in the 、ebenkern"of cricket germ cells. 

The distribution pattern of the immunoreactive substanc巴 suggestsits certain ro1es in the mitochondrial 

metamorphosis during insect spermatogenesis 

Materials and Methods 

Crickets， Gryllus bimaculatω， were reared on an artificial mouse diet (Ori巴ntalYeast Co. Ltd.， 

Tokyo， Japan). Meiotic prophase is first observed in 5th instar and spermiogenesis can be found after 7th 

instar larvae (Suzuki and Nishimura， 1995， 1997b). Test巴sof 7th and 8th instar larvae were fixed with 

Bouin's fluid for light-rt1icroscopical immunocytochemistry. They were then dehydrated in ethanol and 

n-butanol， emb巴ddedin paraffin， and sectioned at 5μm. For immunogold-electron microscopy， tissue 

processl時 byrapid-freezi時 andfre巴氏側substitutionwas carried out accordi時 toCampbell et al. (1991) 

with a slight modification. Testis follicles of 7th instar larva巴 W巴reincubated in insect saline (0.9% NaCI， 

0.02% KCI， 0.02% CaClz) containing 159る2，3-butanediolas cryoprotectant for 20-30 min on ice. They 

were then placed on a copper grid， the excess saline was remov巴d，and plunged into 1iquid propane. 

Grids with cryofixed specimens were transferred into ethanol at -90
0

C for freeze-substitution. After 5 

days the specimens were passively allowed to warm to room temp巴rature，removed from grids， and infiltrated 

with Lowicryl HM20 (Chemische Werke Lowi， Waldkraiburg， Germany). Polymerization was a∞omplished 
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Fig. I Distribution of the PST AIRE motif-like immunoreactivity during cricket spermatogenesis 

The binding of anti-PSTAIRE antibody is detected as red COIOL Counterstained by hematoxylin 

A. Spermatogonia. B. Mature primary spermatocytes. C. The first meiotic division_ Primary 

spermatocytes at prometaphase. metaphase 1 (m，) and telophase 1 (t，) are co-Iocated in a same 

cyst Immunoreactive substances often show one-sided distribution in the prometaphase 

spermatocytes (arrows). D. The second meiotic division. m，: metaphase 11. t，: telophase IL E 

Meiosis 11 and round spermatids in a same cyst Immunoreactive substances become aggregated 

in round spermatids (arrows). F. Young spermatids beginning tail elongation. A large spherical 

body behind each nucleus is immunostained. G. H. These bodies become elongate and located more 

posterior at later spermatids. L Later elongate spermatid. The immunorcactivities are found as 

日ncgrains along thc tails. Scale 50μm 

in BEEM capsules with UV  irradiation for 24 h at -20'C 

An affinity purified rabbit anti-PSTAIRE antibody (Santa Cruz Biotechnology， Inc.， California‘ USA) 

was used as the primary antibody for immunostaining procedure. This antibody was raised against 16 

amino acid oligopeptide EGVPSTA1RE1SLLKE， which is conserv巴din Cdc2 kinases of yeast， Drosophila， 

mouse and human. This amino acid sequence is also conserved in other Cdc2-related kinases， CDK2 and 
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Fig. 2 Immunogold labeling of ultrathin sections of spermatids using the anti-PST AIRE antibody 

Gold particles are restricted in the nebenkern. (m)， which is formed by the aggregation of 

mitochondria. g: Golgi body， n: nucleus. Scale = 2μm 
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CDK3. As secondary antibodies， peroxidase-conjugated goat anti-rabbit IgG (Organon Teknika Corp.， 

West Chester， PA， USA) was used for light-microscopical immunocytochemistry， and goat anti-rabbit IgG 

antibody coupled to 20-nm colloidal gold (British Biocell， Cardiff， UK) was used for immunogold-electron 

microscopy. Incubat問 1 procedures were as described previously by Suzuki and N凶himura(1995). As a 

control， the primary antibody was preabsorbed with 10μg/ml of the immunogen PST A1RE peptide (Santa 

Cruz Biotechnology， 1nc.) for 30 min before immunostaining. 

Immunoreactive proteins wer巴 detected by SDS-polyacrylamide gel electrophoresis (PAGE) and 

immunoblotting. Testes of 7th instar larvae were dissected and homogenized with 10 volumes of sample 

buffer (62.5 mM  Tris-HCl， pH 6.8， 2% SDS， 50も 2-mercaptoethanol，12.5% glycerol， and 0.005% 

bromophenol blue) and the homogenate was boiled for 5 min. The sample was centr出 gedand the supernatant 

(5μl/lane) was subjected to SDS-PAGE (Laemmli， 1970) on 12% gel. The proteins were then 

electrotransferred onto PVDF membrane (Immobilon-P， Millipore Corporation， Bedford， MA， USA) by 

semidry blotting procedure (Otto， 1993) and immunostained. Antibody reaction was detect臼edby a剖lk低叫a剖lin

phosphatas臼E一conjugatedgoat anti-rabbit IgG (B附 ource，California， USA) w凶 5-bromo-4-chloro-3-indolyl

phosphate/nitro blue tetrazolium as substrate 

Results and Discussion 

Immunocytochemistry on a paraffin section of cricket testis using an anti-PSTAIRE a 日tibodycJearly 

showed its immunoreactivity in late spermatocytes and spermatids 

The staini時 wasvery faint， if any‘ in mitotic spermatogonia (Fig. lA) and early spermatocytes. The 

lmmunoreactIvl旬、 locatedperinuclearly in the late meiotic prophase (Fig. 18)， became aligned on the lat巴ral

region of the spindle at metaphase 1 (Fig. IC). In telophase 1， fhe immunoreactive substances were distributed 

between the chromosomal aggregates (Fig. lC). A similar distribution pattern of the immunoreactive substance 

was also observed during the second meiotic division (Fig. lD). In round spermatids， the stained bodies 

aggregated near the nucleus. The co-Iocalization of these spermatids and telophase II in a same cyst (Fig 
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Fig. 3 Immunoblot analysis of the testis extract. Lane 1: total proteins stained by amido black 10B， lane 

2: control staining without the primary antibody， lane 3: control staining with the primary antibody 

preabsorbed by the PSTAIRE peptide， lane 4・immunostainingwith anti-PSTAlRE antibody 

lE) suggests the rapid coalescence of immunoreactive structures after meiosis 11. The immunoreactive 

structures then formed a large spherical body beside the nucleus of each spermatid in which tail began to 

elongat巴(Fig.lF). They b巴ωmeellipsoidal and locat巴dmore posterior (Fig. lG， H)， and in later elongate 

spermatids， the immunoreactivities scattered as f白megra剖ms

in other pa釘rt岱s0ぱft由het旬es幻凶ti泊s.The immunostaining pattern was lost when the primary antibody was preabsorbed 

by the immunogen PSTAIRE peptide. 

Distribution pattern of the immunoreactive substance observed in the paraffin section of cricket testis 

coincides with well known nebenkern behavior (von la Vat巴tteS1. George， 1886; Bowen， 1922; Fuller， 

1993). Immunogold-electron microscopy of ultrathin sections using the anti-PSTAIRE antibody revealed that 

positive labeling was r巴strictedto the nebenkern (Fig. 2). We recognize that this is the first report on the 

Cdc2-related immunoreactivity having th巴secharacteristics. 

Several immunoreactive bands were detected by an immunoblot analysis of the testis extract from 7th 

instar larva (Fig. 3， arrows and asterisks). The 34 kDa band may be cricket Cdc2. The major band was， 

however， estimated to be about 94 kDa. The immunoresponse of this band was absorbed by the PSTAIRE 

peptide (Fig. 3， lan巴 3)，s略gestJ時 thatthis prote肌 aswell as the 34 kDa protein， may have the PSTAIRE 

motif-like structure， although it is yet to be elucidated whether the nebenkern immunoreactivity is due to 

the 94 kDa protein， and whether it belongs to so called CDK-family proteins. 

The nebenkern is formed by the coalescence of all mitochondria in each spermatid. A predicted 

transmembrane GTPase， Fzo， is required for nebenkern formation in Drosophila (Hales and Fuller， 1997). 

In contrast to Drosophila Fzo， which appears just prior to fusion and disappears soon after its completion， 

the PSTAIRE motif-like immunoreactivity of cricket mitochondria is detected from the late meiotic prophase 

up to the elongate spermatid stage. During these stages， mitochondria align on the spindle， segregat巴 to

each spermatid， aggr巴gateto form nebenkern， and elongate along the axoneme. Thus the distribution of the 

PSTAIRE motif-like immunoreactivity in cricket mitochondria throughout these stages may suggest its role 

accompanied with mitochondrial movement and metamorphosis during cricket spermatogenesis. 
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