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Cytodifferentiation of the accessory glands
of Tenchrio molitor
IN. Differentintion of the spermathecal accessory gland in vitro®
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Summary. Spermathecal accessory plands from pupae of Tenebrio molitor were
gultured in vitro in Landureau $-20 medium with or without ecdysterone at a
concentration of 5 pg/ml medium. Morphological changes were examined by
electron microscopy. Tissue taken from pupae that have not been exposed to a
peak ol ccdysterone in vivo is only able to differentiate in medium with
hormone, and then only partially, while tissue taken from pupae that have
expericneed an endogenous peak of ecdysterone is able to develop maximally
irrespective of the presence or absence of hormone. The specific ultrastructural
changes that occur in vitro correspond to those occurring in the gland in situ
during the normal course of differentiation, and are: the formation of the
peeudocilium, cell retraction and formation of an end apparatus, and
cuticulogenesis in the ductule and main lumen of the gland. Pseudocilium
formation does not appear 1o be ecdysterone-dependent, while cuticulogenesis
requires ecdysterone for initiation of the process. Deposition of cuticle is an
expression of an carlier commitment of the cells to this process, and is initiated
by elevated levels of ecdysterone. Ecdysterone is not required for completion of
euticulogenesis,

Key words: Cuticle - Ecdysone - Pseudocilium — Spermathecal accessory gland

Differentiation of the spermatheeal accessory gland of T, melitor occurs in the
Pupal stage prior to eclosion to the adult. The cytodifferentiation of the gland,

Which has been described by Happ and Happ (1977), consists of 3 distinct phases:

wellular proliferation, cell morphogenesis and cuticulogenesis. Development of the
ﬂlﬂ:_l i5 similar to those of colleterial glands in general (Berry and Johnson 1975:
Tashiro et al. 1976; Johnson and Berry 1977).
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In most hormonal systems in vitro, ecdysteroids have been shown to be required
for development (Marks 1970; Milner and Sang 1974; Oberlander 1974) and,
furthermore, ecdysteronc is considered to be a trigger for cuticle deposition in
insects (Gilbert and King 1973). In pupal T, malitor the ecdysteroid titre is known 1o
rise to a peak level at day 4-5 (Delbecque ct al. 1975), a time thal ¢orresponds Lo
acceleration of pseudocilium formation and the start of ¢cuticle depozition in the
spermathecal accessory gland (Happ and Happ 1977). The in vitro culture system
provides an ideal means by which to determine the precise elfect of a hormone on iis
target organ. The tissue can be isolated in a medium that approximates those
conditions encountered in vivo and the purified hormone can be applied in precise
quantities at specific times, The response of the tissuc Gan thus be monitored in a
simplificd system, in which potential interactions of tissue and hormone have been
climinated. Since the dilferentiation of the gland in vivo has been well-documented,
the criteria by which to score development on an ultrastructural basis were
available. The objective of our study was to identify hormone-dependent changes i
the spermathecal accessory gland in vitro.

Materials and methods

Sreck culiunes of T, moliror were maintained at 25° C. Last instar lurvae were picked from thr.*m:l‘:"
culiures just as they eclosed 1o pupae. They wene sexed and then maintnimed separarely. Thus ef |

Ajged female pupae were surface sterilined with T0% ethanal prior 10 inpgction with eodysierone
Ecdysterone (Calbiochem Lid. U.S.A.) was prepared in a stock solution of 50% ethanol. The requins
concentrations of hormone were injected in a 1-2 pl volume using 3 Hamilton syringe, between the 860
pwo ventral scerites. Control pupas were treated with 305 ethano] along. '

Two- and d-day old female papae were surface sterilized with two washes of 707 ethanol followsss
by & rinse in slerle distilbed water. All procedures (rom this stage onwards were carried out usde
laminar Now hood. The spermathecal nccessory glands were removed from the pupaz in pigrie cuune
meclitam, Instraments for dissection were heat-treated, or passed through 707 alcohal and air<
Tissue was immediately transferred to fresh medium containing a streptomycin sulphale ped cillin
miixturs a1 & concentration of 500 units/ml, for 1.25 h. Tramfers were done on small, gterils suancs S0
puckeopore filter 1o avoid damage to the tissue. k.

The medium used was Landureau $-20 (Landureau 1976) at pH 7.0 and approximately 250 sEe
The mediem was filker-sterilized before use and foetal calf serum (GIBOO) was added a1 0515
{Landureay, personal communication). Ecdysterone was added to the medium before filtraticn, | B0
stock solution of ecdysierone in 509 cihansl was wied fresh, anel ewayed before and afber &8
spectrophotometrically (a1 243 nm where = 12,4001 The excised glands were culiured exther in paid
Muliiwell plates of in Falcon plastic organ culture dishes in @ water satarated atmesphers

At termination of an experiment the glands were fixed in 3% glutarakdehyde in 0.1 M R
buffer (pH 7.3), &t room temperature for 2h, Post-fixation wes carried out using § %5 O, 105
phesphate buller for 1h. En bloc staining in 2% squeous urany acclate for 15 min fiobipaved p8
fixation. Then the tissoe was dehydrated in a graded series of acetonss, infiltrated with an =2
Epon 812 mixtune in the ratio of 11, and finally embeddsd in fresh Epon. Pale gold te silver SO
were collected on Farmvar.coated grids and contrasted with 4 3, aqueous uranyl acetats and
before viewing with a Philips EM 204,

Results
The normal sequence of events in the eytedifferentiation of the spermathecal
in gitu is depicted in Figs. 1-4, 6-7. Briefly in the carly stages of the pupa, the B ‘
consists of undifferentiated cells (Figs. 1, 2). The cells of the gland are columaafEs
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thecal lc:m.mrr gland (S34G) of a

{arrows); lumen (fv). = 13,600, Scale bar in micrographs = 1 pm unless otherwise indicated

H.“:'MG of & 2-day pups showing numerows microtubides (mr), septofe desmosomes (5d),
mitochondria (i), Golgi complex (ge), and frregularly lobed noche (mu). = 28 800. Scale bar = 0.5 um
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the two cell populations seen at later times cannot be distinguished. Choracterisi.
cally, the apical surfaces of the cells which extend into the main lumen of the gland
are raised in many irregular projections (Fig. 1). Microtubules are numerous
throughout the cells and run along the entire long axes of the cells in many cases.
Free ribosomes, mitochondria and also secretory vesicles are present in the apical
cytoplasm. Muclei are located basally and are irregularly lobed. Golgi nucmp-lenl
are generally found near the nucleus (Fig. 2).

Figure 4 shows the 3-cell secretory unit (Happ and Happ 1977) which is l'q:rrnu:d

As the inpocketings of the epithelium develop, vestibules are formed in the
gland, Cuticle deposition begins with the formation of more regular microvilli, af
the tips of which there are dense plaques. A sheet of cuticle is laid down in the axial
duct (Fig.3) and in the vestibules (Fig, 6). Terminal stages of pseudocilium
formation are shown in Fig. 7. The pseudocilium develops from the distal centrinle.
The pseudociliary microtubules are arranged in nine doublets without u:nlrll
microtubules, In later stages the innermost cell retracts leaving the ;:wudo-c—:l:umll
a cylindrical cavity. As the microtubules of the pseudocilium degenerale, IH
efferent ductule forms simultancously (Fig. 7). The bounding plasma mﬂuhmmﬁ
rippled and plaques of dense material are deposited at the indentations. .

Treatment of pupae aged from 0-2 days with 2-4ug ecdysterone prevented
normal dilferentiation, Pseudocilium formation did not occur in either the
hormone-treated or control glands, apparently due to a blockage of mitosis by i
“wounding reaction”. When 3-day pupae were injected with 2-4 pg ecdysterone
normal development was not accclerated compared to control pupal glands which
were responding to the endogenous peak of ecdysterone. In both cases pseudodilil
and cuticle were formed in the same number of days as occurs in the normal pupa(8
days). .

Glands explanted at day 2, cultured in medium with ecdysterone developed 18
shown in Figs. 5, 8-9. Regular, short microvilli with electron-dense plagues at thelt
tips formed at the cell apices (Fig 8). This represents an early stage Of
culiculogencsis, As shnwn in Fig. 9, the remainder of the cells did not c]mnsﬂ u '._'.:

down (Fig. 5). Glands cultured for equivalent lengths of time in medium withol
hormone failed to develop in this way (Fig. 11) and the irregular projections at i
apices of the luminar cells, characteristic of the early stages, were refained
Figure12 shows a pair of centrioles aligned in pairs, with their long 2%
perpendicular to the lumen, suggesting that the beginnings of organization of the =
cell secretory unit had occurred. The cell containing the centrioles WORE
correspond Lo the pseudocilium-forming cell, and the cells surrounding it reseme
those found in concentric arrangement in the secretory units. This arrangement 88
cells was a rare occurrence in the cultured tissue and may have resulted o 8
group of cells that were out of phase at the time of explantation and in which furth=
development was blocked in vitro. i

Glands explanted at the 4th day of the pupal stage and cultured in medium S22
or without ecdysterone were able to undergo terminal stages of d.rr;rcnunﬂ 4



Fig. 1. SAG from &-day pupa in situ. Note epicuticle {armows): regudar microvilli with ploques {me spen
i), secrelory vesicles fusing with plasma membrane (arferiok) and ductule (o), = 36,600

Fig. 4 SAG from $-day pupa in sitw. The 3-cell secretory units (1, 2. ) have assembled. Cell 1 will
Froduce the peendosilium. 17,300

Fi§. 5. Apical surface of cells in the axial duet from I-day pupal SAG cullured for & days in vitro with
Fiysierone. Note that the epicuticle (arrews) has formed, and there is a dense lnyer (den]). Secretory
WS (aoterfik ) are found at the plasma membrane, = 20,000, Scale bar = 0.5 pm
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Fig. & SAC from é-day pupa in sit showing vestibudes (=) in the epithelium containing remnants ofd |
preudacilium (pel. = 6,300

Fig.7. Depencration of the microqubules in the preudocilia of SAG from a S-<day pupa in 8% N
macrotibules (o) and ¢fferent ductule formation (arrow), = 13,600

Flg. 8. SAG from s 2-day pupa culiured in vitro with 3pp cedysterone/ml for 4 days Hiﬂ"’:
developed at the apical surface {arrows), and project intoe lumen (/). Secretory vesicles aee foand neafSs
apical membrane (eereriek ) = 7,800
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Fig. % Epithelium of 2-day pupal SAG cultured with eedysterone in vitro for 4 days, Mote irregularty
Wobed nucleus (mu), Golgi complex (ge), mitochondria (). There is no evidence of assemibly into 3-cell
BECTEOTY Lenils, 14,300

Fiz. 10 SAG from a 4-day pupa cultured for 4 days in vitro without hermone, Citer epicutiche (arraws),
Mmner epicuticle (asterink) and fibses (T = 33300, Scabe bar = 0.5 pm
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Fig. 11. SAG firom a J-day papa cultured in medivm without hermong for & days, Irregular I'W.i"’"';“'“_
at the apical sarface of cells remain {orrows) and thefe | 6o Fearrangement. = 13,000

Fig. 12 SAG from a 2-day pupa cultured in medium withoui hormone [or 6 days, The centravleh
(arrawy) arein the alignment such as is found incell =17 from which the peeudociliom arises. Saree el
czlls resernble the conceniricarmngement found in the secretory unit. Tastances such as these were JOUMS
only cccagionally, = 17,300
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iz, 13, SAC from a 4-day pupa cultisred with codysterone for 4 days. Note cuticle lined lumen () and
Sificren| ductule (o). = 23,400, Scale bar = 0.5pm

Fig. 14 854G from a 4-day pupa cultured without ecdysierone for 4 days. Empty efferent ductules have
{4}, all cuticle lined (arrows). x 26,200, Scale bar = 0,5 um

g 18 50 [rcm a 4-day pupa cultured in vitre without hormone for 4 days. Mo general deterioraiion
8 thaue has occurmed: mitochondsia (mi); el (m): rough endoplaimic reticalum (rer), 5 18,600
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{Figs. 10, 13-15). In both bases cuticle deposition was advanced (Fig. 10),
Psendocilia had formed and advanced to the point of retraction and the ciferent
ductule had formed (Figs. 13, 14), In culture the assembly of the cells and growth of
pseudocilia continued irrespective of the presence or absence of ecdysierone
Similarly, cuticle deposition in the axial duct, vestibules and ductules was alg
achieved with or without ecdysterone.

The time course of development of the glands taken from 4-day pupae and
cultured in viiro approximated that in situ (Fig. 15). In other respects, too, the
medium proved suitable for culture of the tissue and for investigation of the role of
ecdysterone in the differentiation of the pupal gland.

Discussion

Considering the development of the gland in vivo an initial phase of cellular
proliferation by mitoses is followed by further growth and differentiation, as i
typical of many differentiating tissues (Whitc 1973; Johnson and Berry 1977}

As a result of these divisions two populations of cells are formed, the first of
which gives rise 1o the secretory units and eventually cuticular ductules, and the
second consisting of cells that produce the thick cuticle of the axial duct.

In basal $-20 medium, 4-day pupal explants differentiate normally bur 2-day
explants do not develop. At the time of explantation from 4-day pupae the glands.
have completed both the proliferative and differentiative divisions. The cells that
would assemble 1o form the secretory unit had already been produced. But a1 2day
only part of the proliferative divisions had been completed and the difTercntiative
ones had not even started. We suspect that the reason for the failure in the
differentiation of the 2-day gland may be due to blockage of cell division &l
explantation to the in vitro culture. Cell division is important in the acquisition of
competence for metamorphosis in imaginal discs of Drosophila melanagasict
{Mindek and Nothiger 1973) and for transdetermination also (Gehring 1966, 1972
Tobler 1966; Mindek 1968; Wildermuth 1968).

The 5-20 medium also proved suitable for investigation of the role of
ecdysterone in the differentiation of the gland. The ecdysteroid content of T
molitor has been determined by Delbecque et al. (1978), The ecdysterone level
slightly elevated after pupal ecdysis and at day 3 begins to rise, reaching a maximum
of 4000 ng/ml at day 4. The levels of the hormone then fall until they reach the basal
concentration (100 ng/ml) at day 7-9. Since some of the developmental events
occurring in the spermathecal accessory gland, especially cuticulogenesis, coinci
in time with the peak of ecdysterone, it seemed probable that this hormone would B
involved in the differentiation of the gland, A

Most studies of the effects of ccdysterone in vitro have been cancerned willh
imaginal discs, the epidermal tissue or primary reproductive organs i;F:-i:.u-n:u'rLM'[‘I
Yund 1976; Marks 1976, 1980; Oberlander 1976). In some systems eedysierone 18
required not only for the initiation of differentiation but also for its m:inm““ﬂ'
The imaginal wing discs of Pieris brassicae were cultured in vitro by Blais S8
Lafont (1980) who found that the response of the imaginal discs was dependent on
the ecdysterone and was effected by the concentration of the hormone, Although?
of the hormone concentrations wsed by them were within the ph;ulu.iﬁlu-gif-'ll range

:
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measured during metamorphosis (Lafont ct al. 1976), they did not always induce
imaginal differentiation. They sugpested that basal levels of ecdysterone act on
differential events like mitoses, and then the large peak that occurs during
wn]_grphﬂii& synchronizes cuticle secretion in the cells,

The spermathecal accessory gland of the 2-.day pupa was able to lay down
euticle in vitro only il exposed 1o exogenous ecdysterone, We presume the control
glands explanted at 2 days failed 10 develop because they had not been exposed to
hormone in sitw or in vitro. But when the glands which had grown for 4 days in situ
were placed in culture, they secreted cuticle whether or not exogenous ecdysterone
was added. The glands would have already experienced a rising concentration of
ccdysterone which was sufficient to initiate cuticle deposition. Once the process had
begun, codysterons was not required for its continuation.

The formation of the pseudocilium and rearrangement of the cells into the 3-cell
seeretory organules did not follow the same pattern. Pseudocilia never formed in 2-
dity explants, with or without ecdysterone, and always formed in 4-day explants,
with or without ecdysterone. It is possible that ecdysterone has nothing to do with
farmation of pseudocilin.

It is also conceivable that its development depends on an unknown factor that is
not present in the culture medium, e.g., bursicon. However, there is a strong
likelihood that there has been an interference with differentiative divisions whereby
the three cells that eventually assemble as the secretory unit are formed. This could
aecur a5 a direct action on the dividing cells or indirectly by affecting the production
of ecdysterone, Low concentrations of ccdysterone may be required for the
stimulation of differentiative divisions as was found for the imaginal wing dises in
P. brassieae (Blais and Lafont 1980). Significantly, a “wounding”™ effect has been
found in young pupac. When 0-2 day pupae are injected with inhibitors of DNA
synthesis or of microtubule assembly, or with the corresponding solvents of these
drugs, development of the pseudocilium was prevented, whereas cuticle deposition
occurred by the end of the pupal stage (unpublished results). Cell division is
considered 1o be an essential step of differentiation and pattern formation in many
systems (Ursprung 1968).

The relatively high concentrations of ecdysterone used in both mn vive and in
vitro Lreatments may have inhibited cell divisions. During the mitotic phase of
gland development in the pupa the levels of ecdysierone rise from a low, basal
concentration to a peak at day 4-5. The high doses of ecdysterone applied in vive
may have resulted in “hyperecdysonism™ first described by Williams (1968).
Similarly inhibition of development by high concentrations of ecdysterone have
been observed in vitro (Milner 1977a, b; Blais and Lafont 1980).

An obvious change in competence of the spermathecal accessory gland to
respond to ecdysterone ocours at some time between day 2 and 4 in vitro, and
possibly earlier, in the prepupal stage. It primarily affects the cuticle-secreting cells,
which are not competent to respond to the hormone at an earlicr stage; the response
at day 4 is limited or fixed, probably by codysteroid receptor sites. Such sites have
been demonstrated in the K _ cell lines of Drosophila melanogaster (Maroy et al.
1978} and in the imaginal discs of D. melanegasier (Y und et al. 1978; Yund 1980).
Changes in competence to respond 1o ecdysterone have been reported in many
cases, for example, in the imaginal discs of Drosophils (Bodenstein 1943;
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Oberlander 1969; Mindek and Nothiger 1973; Schubiger 1974; Gaell and
Schneiderman 1975; K urushima and Ohtaki 1975), and in the cricket epidermis of
Mandieea sexta (Fain and Riddiford 1977).

The results that we have obtained show clearly that cuticle deposition, which is
ong of the man phases of differentiation in the spermathecal accessory gland of T
muoditor, is eedysterone-dependent. Pseudocilium formation, however, appears to be
independent of the codysierone peak but is possibly hormonally controlled.

Although the foregoing investigation leaves a number of questions unanswered.
it demonstrates an in-vitro cultiing system which, with some further modilications,
will allow us 10 analyze the events occurring in the gland., It is especially important
to consider and 1o mimig the Nuetuations of the endogenous hormone in the insect
in 2 culture system and to uze physiological dozes as demonstrated by Beckemeyer
and Lea (1980). This type of study is being undertaken at present especially o
determine whether baszal levels of ecdysterone are essential for differentiative
mitoses and to gain more details of the commitment and expression of charnciers by
the cells of the gland under the influence of ecdysterone.
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