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Abstract—Acid hydrolysis of the spermatophore and of the bean-shaped accessory gland (BAG) of
male Tenebrio yields strikingly similar amino acid components; proline, glutamic acid, aspartic acid,
and alanine predominate in both. Antisera were prepared against extracts of the spermatophore and
BAG. The two antisera shared common cross-reactive male-specific components as shown by both
complement fixation tests and immunodiffusion procedures.

INTRODUCTION

IN MANY terrestrial arthropods, semen is passed from
male to female within a spermatophore. The sperma-
tophore may be deposited externally and subse-
quently retrieved by the female (SCHALLER, 1971) or
it may be directly placed within the female reproduc-
tive tract (WIGGLESWORTH, 1972; DAVEY, 1965; ENG-
LEMANN, 1970). Once within the female bursa copula-
trix, the spermatophore ruptures to liberate spermato-
zoa which subsequently are transported to the sper-
matheca.

Many spermatophores are multi-layered structures,
which undergo a programmed sequence of expansions
before liberation of sperm (KALIFA et al., 1949; FELD-
MAN-MUHSAM et al, 1973; GapzaMa and Happ,
1974). It is often assumed that the spermatophore is
derived from the paraseminal secretions of male ac-
cessory reproductive glands. The proteins, carbo-
hydrates, and lipids of spermatophores have been
little studied. Amino acid analyses of the proteins are
available for two invertebrates: a pseudoscorpion
(HunT and LEGG, 1971) and an octopus (MANN ef
al, 1971). .

The male reproductive tract of the mealworm
beetle (Tenebrio molitor L.) consists of the paired
testes, paired vas deferentia, and paired seminal vesi-
cles which converge upon the ejaculatory duct. At
the junction of the seminal vesicles and the ejacula-
tory duct, two pairs of accessory reproductive glands
export their products. The larger, stubbier gland type
is herein referred to as the bean-shaped accessory
gland (BAG) and the elongate cylindrical gland type
is termed the tubular accessory gland (TAG).

* Present address: College of Physicians and Surgeons,
Columbia University, New York, NY 10032.
+To whom reprint requests should be addressed.
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Sperm are transferred to the female within a sper-
matophore (GapzaMA and HaPP, 1974). After rupture
of the spermatophore, the sperm reach the spermath-
eca (Happ and Happ, 1975). The outer, frothy layer
of this spermatophore is lipoprotein (on histochemical
criteria) and the inner fibrous layer contains mainly
protein (GapzaMA and Harp, 1974). In the present
paper, we report the results of an amino acid analysis
of the spermatophore of Tenebrio. Similarities in
amino acid composition and immunological charac-
teristics indicate that, at least in part, the spermato-
phore is derived from BAG.

MATERIALS AND METHODS

Specimens and maintenance of culture

Tenebrio molitor were obtained from a laboratory
stock culture and maintained on chicken feed (Purina
Startena) and sliced potato. The insects were sexed
at the pupal stage, and males and females were segre-
gated for about 10 days after ecdysis. Mating
occurred promptly when males were allowed access
to females. Spermatophores were retrieved by separat-
ing male and female thirty seconds after the onset
of copulation—at which time the spermatophore
could be found protruding from the male intromittant
organ. All -dissections were performed in Tenebrio
saline (Butz, 1957).

Amino acid analyses

Sperm sacs (retrieved after the rupture of the sper-
matophore in insect saline) and bean-shaped access-
ory glands were hydrolyzed in 2ml of 6N hydro-
chloric acid for twenty hours at 105°C (under
nitrogen) in sealed glass-stoppered tubes. The hydro-
lysates were taken to dryness at room temperature
and redissolved in 5Sml pH 2.2 citrate buffer. Aliquots
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Table 2. Comparisons of amino acid composition by classes of side-chains. Amino acids in resi-
dues/1000 total residues

T. motitor

Class of ggzgggf Pseudoscorpion Nematode Locust Dragqnfly A Wasp & Beg
Amino Acid igsagié BAG E%g§?§11 tophore Spermatophore Collagen cuticte Resilin Silk (4 species)
Non-~polar 531 473 460 405 552 699 646 639 517
Small 264 274 221 187 474 378 395 620 476
Glycine 91 89 68 70 240 286 198 422 55
Amino 134 71 62 50 5 304 115 75 a4
Basic 107 123 115 196 74 88 84 41 &7
Acidic 223 237 174 188 198 177 159 136 229
Charged 330 360 289 384 272 265 243 177 296
Tyrosine 35 38 35 20 47 1 17 12 13
Hydroxiated 151 151 124 173 158 66 113 160 ---

Classes of amino acids:

Non-polar: Glycine, alanine, valine, leucine, isoleucine, phenylalanine, proline.
Small (i.e. small side-chain): glycine, alanine, serine.

Basic: lysine histidine, arginine.
Acidic: aspartic and glutamic acid.
Charged: both acidic and basic.

Hydroxylated: Serine, threonine, tyrosine, hydroxyproline.

‘Refs: Tenebrio eggshell CMT (KAWASAKI et al., 1975); Octopus spermatophore (MANN et al., 1973);
pseudoscorpion spermatophore (HUNT and LEGG, 1971); Nematode collagen (BAILEY, 1968); Locust
soft cuticle (neck membrane) (ANDERSON, 1971); Dragonfly tendon (ANDERSON, 1971); Wasp and Bee

silk (as summarized by HunT and LEGG (1971) from Lucas and RUDALL (1968)).

the eggshell of Tenebrio or wasp silk. In other pro-
teins, glycine may be 20 to 45% of the total, as in
collagens, cuticular proteins, resilin, and the sperma-
tophore of the pseudoscorpion. Total charged amino
acids are quite consistent, comprising usually one-fifth
to one-third of the total. Relative acidic and basic
contributions to this total vary widely. Proline resi-
dues are a significant proportion of the amino acid
in spermatophores and cuticles, yet purified collagens
are much higher in this imino acid. At the present
we can conclude that the spermatophore of Tenebrio
is rather like that of the octopus and somewhat like
the CMI fraction of the eggshell, but that neither col-
lagen, nor silk, nor resilin predominate in any of
these. Similarities between BAG and the spermato-
phore are quite marked.

Immunological investigations of proteins

Rats were immunized with either spermatophores
or BAG’s and sera from these rats were then screened
by complement fixation procedures to test for the
presence of antibodies to the respective antigens. The
results of the complement fixation tests are shown
in Tables 3 and 4. As shown in Table 3, antibodies
to both BAG and the spermatophore were produced,
and they prevent red cell lysis up to an endpoint of
128. Cross-reactivity between antibodies to BAG and
to spermatophore is also seen in Table 3, but more
clearly demonstrated in Table 4, which reports the
complement test following absorption with extracts
of whole female beetles as well as the individual
antigens.

Table 3. Complement fixation tests, series 1. Antibodies to BAG and spermatophores (SPTH) were

prepared as described in Materials and Methods.

“0” signifies complete lysis and “4” signifies no

lysis. Lysis continued at dilutions to the right of the “0™s. The complement fixing antibody titer
of the serum is expressed numerically as the reciprocal of the dilution (endpoint).

Dilution
Antibody Absorbed Antigen Enc_l—
to with point
2 1:4 18 1:16 1:32 1:64  1:128  1:256
BAG () Spth 4 4 3 1 0 - - - 16
BAG 9 BAG 4 4 4 3 3 3 2 0 128
Spth ¢ BAG 4 2 ] 0 - - - - 8
Spth 9 BAG 4 3 3 3 i 1 0 - 64
BAG i Spth 4 2 0 - - - - - 4
BAG 9 Spth 4 4 3 3 2 1 0 - 64
Spth ¢ Spth 4 3 2 1 0 - - - 16
Spth 9 Spth 4 4 4 3 3 2 1 0 128
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