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Developmental Physiology of Corpora Allata and Accessory Sex
Glands in the Cecropia Silkmoth
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ABSTRACT  The storage of large quantities of juvenile hormone (JH) in
adult male Cecropia silkmoths is dependent upon the combined activities of
two organs: secretion by the corpora allata (CA) and accumulation by the
accessory sex gland (ASG). We describe here some aspects of CA-ASG develop-
ment and physiology which lead to JH storage.

The ASG were found to have completed development and had secreted the
luminal materials before eclosion. After day 16 of adult development, the ASG
were able to convert JH-I acid to JH-I and store the JH-I. When incubated in
vitro, the ASG showed a specificity for the uptake and storage of the three JH
acids in the following order : JH-I > JH-II > > JH-III. The CA of male and
female larvae secreted JH-I and JH-II when incubated in vitro, whereas adult
male CA secreted JH-I acid and JH-II acid. The total equivalent synthetic
productivity of adult male CA was found to be considerably greater than that
of adult female CA. When cultured in vivo during metamorphosis to the adult
in hosts of the opposite sex, the male and female CA maintained their respec-
tive pattern of secretory activity. Thus, the CA appear to be programmed to
express the sexually dimorphic activity prior to the initiation of adult devel-
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opment.

More than two decades ago the giant silk-
moth Hyalophora cecropia became the focus
of attention in juvenile hormone (JH) re-
search because of the fortuitous discovery by
Williams ('56) that abdomens of male moths
contain large amounts of JH. The abdominal
store of JH is derived from the secretory ac-
tivity of the corpora allata (CA) since re-
moval of these glands prevented accumu-
lation of JH in the abdomen (Williams, ’56,
’63; Schneiderman and Gilbert, '64). Even
though in “pupal assays” both male and fe-
male CA demonstrated high activity, storage
of JH is a unique feature of male abdomens
(Williams, ’59, '61). Recently, a careful anal-
ysis of the distribution of radiolabeled JH in
abdominal tissues of moths injected with 3H-
methionine led to the unexpected finding that
the physiological basis of JH storage in male
moths was due to the unusual characteristics
of the accessory sex glands (ASG) (Shirk et
al., ’76). The ASG were found to contain a
specific methyltransferase which methylates
the JH acids to the respective hormones
(Weirich and Culver, *79). A high proportion
of the stored JH (Shirk et al., ’76) as well as
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the JH acid methyltransferase (JHAMT)
(Weirich and Culver, '79) was found in the
luminal material of the ASG. The JHAMT
was also found to be present in the tissues of
the ASG as well (Weirich and Culver, ’79).
The accumulation of JH in the abdomen
does not begin until just prior to (Gilbert and
Schneiderman, ’61) or coincident with (Metz-
ler et al., ’71) adult eclosion. By transplant-
ing CA from pharate adults of various ages
into pupae, Williams ('61) showed that the
CA of both sexes beginning at about 15-16
days of adult development (almost a week
prior to adult eclosion) can have a juveniliz-
ing effect on the host pupa (which infers se-
cretion of JH active material). In the ASG,
high JHAMT activity was demonstrated even
as early as day 14 of adult development
(Weirich and Culver, '79). Thus, both compo-
nents involved in JH accumulation attain
functional competence long before adult eclo-
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sion, but the process of JH accumulation be-
gins only at eclosion.

Although storage of JH is a unique feature
of the adult male Cecropia, the CA of the two
sexes also differ in the postmetamorphic pe-
riod. There is no apparent sexual dimorph-
isin with respect to either structure or
activity during larval and pupal periods.
During metamorphosis to the adult, the male
CA undergo a marked increase in size and
the large, lobulated adult male CA have a
wet weight about five times more than fe-
male glands. Therefore, it was suggested that
the much higher JH content in the male
stems from the greater sceretory capacity of
the male CA (Gilbert and Schneiderman, *61).
To test whether a sexual dimorphism in the
secretory activity of CA indeed exists, the
secretory products of CA maintained in vitro
were monitored. In addition, we have em-
pluyed the ability of the male ASG to seques-
ter and store JH to provide an in vivo assay.
Transplantations of male or female CA into
decapitated newly eclosed moths or moths
allatectomized as pupae, followed by injec-
tion of radiolabeled methionine, showed that
abdomens with male CA contained far more
radiolabeled JH than those with female CA
(Dahm et al., '76). Is the dimorphic develop-
ment of the CA due to differences between
male and female internal milieu during met-
amorphosis? Is there a mutual interaction
between the developing CA and ASG in
males that leads to the characteristic adult
pattern of activity in these two glands? In
this paper, we decribe and discuss the results
of experiments carried out to answer these
questions.

MATERIALS AND METHODS

H. cecropia were purchased from commer-
cial suppliers as diapausing pupae and were
kept at 4°C for at least 90 days. Adult devel-
opment, which lasts 21-22 days, was initi-
ated by exposure to 27°C, 7T0-80% relative
humidity and 16:8-hr light-dark regime. The
stage of development was determined by the
criteria of Schneiderman and Williams ('54).
All chemical reagents were reagent grade or
better. The ether was anhydrous, analytical
reagent grade (Mallinckrodt). Diazomethane
was prepared from Diazald (Aldrich) in an
alcohol-free ethereal solution according to the
manufacturer’s procedures. The [*H-7-ethyl)-
JH-I acid was prepared from [*H-7-ethyl)-JH-
I (14.1 Ci/mmole} (New England Nuclear) by

saponification in these laboratories. The {3H-
methyl]-methionine (8.8 Ci/mmole) and [*C-
methyl]-methionine (56 mCi/mmole) were
purchased from Amersham. The [*H-methyl]-
methionine (3.7 Ci/mmole) was purchased
from Schwarz/Mann and the [1, 2-C)-ace-
tate (60 mCi/mmole) from New England Nu-
clear.

Histology

The ASG were removed and immediately
fixed in 3% glutaraldehyde and 3% acrolein
in a 0.1 M cacodylate-0.05 M sucrose buffer
(pH 7.4) and postfized in 2% osmium tetrox-
ide. The glands were embedded in Epon Ar-
aldite (Mollenhauer, '64) and 1-um sections
were cut. The staining was a modification of
the techniques described by Humphrey and
Pittman ("74).

Injection of animals

After narcotization with CQy, the moths
were injected. All injecied materials were
digsolved in 25 ul of Weevers’ saline solution
{Weevers, 68). For the in vivo labeling of JH,
2.8 nmoles (25 uCi) of [*H-methyl)-methio-
nine was injected into each moth.

Allatectomy

Prior to initiation of adult development, a
2-mm hole was cut in the frontoclypeus, the
epidermis was split longitudinally, wnd the
corpora allata were removed by cutting the
attached trachea. During all of the surgeries
described, the animals were narcotized with
COs, filled with Weevers’ saline, treated with
penicillin-streptomycin, and the wounds were
sealed with wax,

Castration

The male pupae were castrated by cutting
a slit dorsally in the fifth abdominal segment
and removing the testes with forceps. The
ovaries were implanted into the male pupae
by cutting a slit in the fifth abdominal seg-
ment and slipping the ovaries into the hem-
ocoel through the wound.

Extirpation and transplantation of the
Herold organ

The Herold organ (Herold, 1815} is the im-
aginal disk for the ASG, seminal vesicles,
common duct, and external gentalia of the
adult male reproductive tract (Verson and
Bisson, 1898). Removal of the Herold organ
was done within 24 hr after initiation of adult
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development by cutting a 3 X 3 mm hole in
the integument of the ninth abdominal seg-
ment circumscribing the phallomeres of the
pupa and clipping the organ free. To trans-
plant the Herold organ, a 1-cm slit was cut
dorsally in the integument of the fourth ah-
dominal segment of the host. The Herold
organ was picked up in Weevers' saline with
a wide mouth transfer pipette which was
inserted into the slit. The Herold organ
was then expelled into the hemocoel so that
the implant was not in contact with the
epidermis.

Parabiosis

Parabiosis of the male and female was
made in two orientations: Either the male
head was attached to the female abdomen or
the male abdomen was attached to the fe-
male abdomen. The head-abdomen para-
biosis was created by cutting a 5-mum hole in
the dorsal cuticle of the eighth abdominal
segment of the female and then removing the
underlying epidermis and similarly remov-
ing the cuticle and epidermis from the area
of the frons of the male and uniting them
with wax so that a clear passage between the
two existed. In the abdomen-abdomen orien-
tation, the tip of the abdomen was removed
at the level of the tenth abdominal segment,
making sure not to disturb the Herold organ
of the male and again uniting the partners
with wax so that a free passage existed. Ex-
treme care was taken in all cases to elimi-
nate any air bubbles by filling the animals
with Weevers’ saline.

In vitro incubations

The organs (ASG or CA) were removed from
the animal and placed in Weevers’ saline. All
of the attached fat body and debris were re-
moved. The ASG were cauterized proximally
to seal the luminal contents inside. The or-
gans were transferred to Grace's Insect Tis-
sue Culture medium without methionine
supplemented with 1% (w/v) hovine plasma
albumin fraction V and 1% penicillin-strep-
tomycin and then to a solution of Grace’s
without the antibiotics. The organs were fi-
nally transferred to the incubation medium
and maintained at 25°C. Incubation Medium
1 consisted of Grace’s Insect Tissue Culture
Medium without methionine (GIBCO,Grand
Island NY)supplemented with 1% (w/v)bovine
plasma albumin fraction V and 36 nmole/ml
['*C-methylj-methionine (56 mCi/mmole). In-

cubation Medium 2 was essentially the same
except that 9 nmoles/ml [*H-methyl]-methio-
nine(3.7 Ci/mmole) was added as amethionine
source

JH isolation

The JH was isolated from the ASG as pre-
viously described (Shirk et al., "76). In es-
sence, the ASG were extracted with ether-
ethanol (6:1), the extract was resolved by
thin-layer chromatography (TLC) with Silica
Gel HF9z4 using a hexanes/ethyl acetate/
acetic acid (70:25:5) solvent system and the
JH zone eluate, as determined by cold side
markers, was resolved by high-pressure li-
quid chromatography (HPLC) with a p Po-
rasil column using a hexanes/ethyl acetate
(3.5%)/2-propanol {(0.02%) solvent system.
Scintillation counting was done in Liquifluor
(New England Nuclear) with a Searle Mark
1T scintillation counter. The amount of JH-1
acid present was determined by reacting the
JH-1 acid zone eluate from TLC with diazo-
methane two times and then measuring the
radicactivity in the JH-T zone after resolu-
tion by HPLC.

RESULTS
The Accessory Sex Glands

The structure of male ASG. As previous-
ly described by Shepard (°74), the ASG were
found to be paired organs which extend
distally from and open into the seminal vesi-
cles (for review see Leopold, 76). They ranged
in length from 30 mm to 60 mm and had a
thin layer of longitudinal and transverse
muscles surrounding the secretory cells
which lined the central lumen.

In the 16-day pharate adult, the gland cells
were columnar with distinet boundaries. The
large nuclei contained numerous granules
showing a bluish stain. Similarly staining
granules were also found in the narrow lu-
men close to cell boundaries (Fig. 1A). The
presence of the granules in the lumen showed
that the secretion of luminal material had
begun at this stage. By day 19 the cell size
had decreased and the granular material in
the nuclei had disappeared. The enlarged lu-
men was filled with secretions which were
tinged red-bluish violet. Small secretory
granules were found toward the periphery,
and in the central portion of the lumen the
granules had coalesced to form large lumps
(Fig. 1B). In the 21-day pharate adult, the



lumen was densely packed with large masses
of secretory material (Fig. 1C). There was no
further change in the cells or the stainability
of the secretory material. Thus, the glands
appeared to be functionally ready by the time

of eclosion of the moth (days 21-22). After 5
days, the males were becoming senescent,
and the structures of the ASG were not ex-
cluded from this process. The gland cells of
the ASG appeared to be degenerating; the
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ccl boundaries were indistinet, most of the
nuclei had disappeared and large vacuoles
were present throughout the tissue (Fig. 1D).

Methylation of JH-I acid and accumula-
tion of JH-1 in ASG of pharate adults. Phar-
ate adults staged to the tenth, 12th, 16th,
19th, and 21st day of development and newly
eclosed adults were injected with 3.2 pmole-
[*H-7-ethyl]- JHI acid. After 24 hr the ani-
mals were sacrificed, and the ASG were ex-
tracted and analyzed for JH-I and JH-I acid
(Table 1).

Methylation of injected JH-1 acid and ac-
cumulation of labeled JH-I were first de-
tected on the 16th day of development. In one
of the animals, the HPLC JH-I zone con-
tained radiolabeled material which repre-
sented 0.26% of the total injected label. The
vield of JH-I increased slightly on the 19th
day and dramatically in one of the 21.day
animals. The JH-I recovered from the two
newly eclosed males represented 5% of the
injected JH-I acid and agrees with the previ-

TABLE 1. Conversion of JH-I acid and
aceumulation of JH-I in ASG of developing male

cecropia

Quantities accumulated in ASG

Age of JH-T JHI acid!
adult males (fmoles) (fmoles)
10-day pharate nil? nil?
12-day pharate nil2 nil3
16-day pharate nil? nil3
8.3 nil?
19-day pharate 10.9 6.
227 1.0
21-day pharate 3.8 21
179 8.0
Freshly eclosed 142 3.2
168 1.

1Animals were injected with 3.2 pmoles of [*H-7-ethyl}-JH-I
acid.

2Nil £ 2.4 fmoles, the smallest quantities detectable.

Nil £ 1.8 fmoles, the smallest guantities detectable.

orl.xsly reported rate of conversion (Metzler ot
al., *72).

Free labeled JH-T acid was not detected in
the ASG until the 19th day of develoment
and even in adults the level never exceeded
0.25% of the total injected material. More
inportantly, even though the ASG werce well
tormed by day 12 there was no indicativn for
the uptake of injected JH-I acid by the glands.

Specificity of methylation of JH acids by
the ASG When challenged with the JH
acids, the methyltransferases in the ASG es-
terify all three acids to their respective hor-
mones. To test whether in vivo thefe is any
preferential accumulation of the hormones,
adult males allatectomized as pupae were
injected with all three of the JH acids (10.0
ug each of JH-I acidh JH-II acid, and JH-III
acid) along with [*H-methyll-methionine.
Analysis of the glands 2 days later showed
the presence of radiolabel in all three JH
zones, and the quantities were JH-II > JH.I
> JH-II (Table 2). The quantities of JH re-
purted are bascd on the incorporation of the
methyl label wirthout consideration of the di-
lution of radiolabeled methionine and there-
fore represent a minimum gquantity of JH
accumulation. Although these data demon-
strate an inequality in the rate of JH accu-
mulation in the ASG, it is possible that other
factors such as the rate of breakdown of the
three acids in the animal or specificity of
hemolymph binding proteins may have
caused the observed differences in the accu-
mulation of the three hormones. Therefore,
to eliminate some of the variables which oc-
cur in vivo the experiment was done in vitro.
ASG, from adults allatectomized as pupae,
were incubated for 24 hr in Medium 1 which
contained a strictly quantified mixture of all
three JH acids. Radiolabel was found coinci-
dent with only JH-I and JH-IT zones (Table
2). Furthermore, unlike the in vivo experi-

TABLE 2. Specificity of ASG for JH acids in vive and in organ culture

No. of JH-I JH-1I JH-III
Treatment trials (pmoles) (pmoles) {pmoles)
In vivo! 2 272 47 7.1
In vitro
incubation® 6 299 (62)° 22(12) <0.1

'Animals were injected with L0 pg each of JH acids and [*H-methyl]-methionine. The
quantities of JH accumulated are based on the amount of radiclabel incorporated and

therefore represent a minimuam value.

2ASG were incubated in vitro with 10 pg each of the JH acids and [YC-methyl).
methionine. The quantities of JH accumulated are based on the amount of radiolabel
incorporated and therefore represent a minimum value.

3Mean (standard deviation).
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ments the yield of JH-I far exceeded that of
JH-II.

Effect of internal milieu on the JH ac
cumulation-related functional maturation of
the ASG. Earlier, Gilbert and Schneider-
man ('61) reported on the effects of parabiosis
between male and female pupae on JH accu-
mulation. After metamorphosis, only a quar-
ter of the amount of JH normally found in a
single male was accumulated in the adult
malefemale parabionts. A similar diminu-
tion in JH accumulation was observed when
ovaries were transplanted into castrated
male pupae. These data suggested the pres-
ence of a specific factor(s) in developing fe-
males which inhibits the development of the
cupacity of males to accumulate JH. Since
the ASG consititute one of the major partici-
pants in the process of JH accumulation in
males, we investigated the effects of a female
environment on ASG development.

A series of cross transplantations was con-
ducted to assess the effect of metamorphosis
in a female on JH accumulation in ASG.
First, Herold organs were implanted into al-
latectomized-Herold organectomized male
pupae and allatectomized female pupae.
When the adults eclosed, 100 g of JH-I acid
plus [3H-methy]]—methi0nine were injected
into the moths. The moths were sacrificed 24
hr later, and the ASG were removed and
extracted for JH. ASG implants in females
accumulated only 15% of the amount of JH
in ASG implants in males (Table 3A, B)
which was significantly lower (P < 0.01).
These data show that culturing ASG during
development in a female has the effect of
decreasing the ASG capacity to accumulate
JH-I from injected JH-I acid. However, the
possibility remains that the observed effect
was due to differences in the metabolism of
the JH-I acid between the two sexes rather
than to an alteration of ASG physiology. To
test this possibility, ASG cultured in males
or females were removed after adult eclosion
and incubated in vitro with 100 ug JH-T acid
and labeled methionine (Medium 2). At the
end of 72 hr of incubation, the ASG were
extracted and analyzed for labeled JH-1. ASG
cultured in males had accumulated more
than twice the amount of labeled JH ob-
tained from ASG cultured in females (Table
3C, D). Although the JH accumulated in the
ASG from female hosts was significant at a
low level of confidence from males (P < 0.1),
the observation 1s consistent with the inter-

pretation that either the female environment
adversely affects the functional maturation
of the AS(Q, or the male environment has a
positive influence on the developing ASG.

That the female environment has an effect
on the ability of the ASG to accumulate JH
was also shown through indirect evidence.
Allatectomized female pupae received im-
plants of Herold organs, and after adult eclo-
sion also received adult male CA transplants.
When analyzed for JH labeled by [>H-
methyl]-methionine, ASG which had under-
gone metamorphosis in a female (Table 3I)
accumulated only about 10% of the JH in
ASG from similarly treated males (Table 3F,
G). If ASG from female hosts were removed
and transplanted into Hervold orgunectom-
ized males 1 Table 3H), the ASG accumulated
less than 15% of the JH of the male controls
(Table 3G). Implantation of pupal ovaries into
male pupae had no effect on the ability of the
ASG to accumulate JH (Table 3K). (The ova-
ries had developed normally in the male and
there were approximately 200 oocytes in the
male host.) Although these data suffer all of
the problems of complex tissue and surgical
interactions, the evidence suggests that de-
velopment of the ASG in a female does cause
a decrease in the capability to accumulate
JH.

To make a more general assessment of the
influence of females on male development,
male pupae were parabiosed to female pupae
either head to abdomen or abdomen to abdo-
men as described in the Materials and Meth.
ods. This was done to ensure that in at least
one orientation there would be no possible
damage to the Herold organ of the male
which could cause a defect in the ability of
the ASG to accumulate JH. After eclosion,
the parabiosis was maintained and the male
parabiont was injected with [*H-methyl]-me-
thionine. The JH accumulated in ASG from
male parabionts in the head to abdomen ori-
entation (Table 3L) was not different from
normal males (Table 3E). However, the JH
found in ASG of males in the abdomen to
abdomen orientation was only 35% of the
normal males (Table 3M). Although this ap-
pears to be a substantial decrease, it is not
significantly different from the normal
males. This may be due in part to the failure
of two of the male parabionts to accumulate
any radiolabeled JH. We can only speculate
that even though the ASG appeared normal
in size and secretions there may have been
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some surgery induced trauma which caused
these observations.

The release of JH from the male ASG.
Williams (’61) parabiosed adult male abdo-
mens with chilled pupae and observed mas-
sive juvenilization of the developing partner.
Since we know that the JH is almost entirely
stored in the ASG, it seemed desirable to
repeat these experiments with special care to
prevent damage to the ASG in order to con-
firm that the stored JH is indeed released by
the ASG into the hemolymph. Abdomens of
normal and allatectomized (as pupae) adult
males were parabiosed with normal and al-
latectomized female pupae. At the end of the
adult development the animals were scored
for the degree of juvenilization incurred by
this treatment. All surviving partners of the
allatectomized adult male abdomens devel-
oped into normal adults (four of 12 survived).
The females parabiosed to normal male ab-
domens showed extensive juvenilization with
all animals molting to second pupae (five of
ten survived). Since some of the female pupal
partners lacked their own CA, the juvenili-
zation could only have been caused by the
release of JH from the ASG of the adult male
partner, which agrees with the previous ob-
servations of Williams ('61).

The corpora allota

Qur previous studies clearly established the
significance of the role of the ASG in accu-
mulation of JH in male Cecropia moths.

However, the unique capacity of the ASG to
methylate and store JH may not be the only
factor in the sexual dimorphism of JH accu-
mulation. The CA of adult males are much
larger than those of females (Gilbert and
Schneiderman, '61) and correspondingly ap-
pear to secrete greater quantities of JH-re-
lated compounds than female CA (Dahm et
al., '76; Peter et al., '81). Is the sexual di-
morphism in CA due to an intrinsic program
of metamopheosis or is it due to factors in the
developing internal environment? To answer
this question, cross-specific transplantation
of CA between male and female pupae were

carried out, and the secretory activity of these
CA was evaluated using the accumulation of

JH in the ASG as an index of the biosyn-
thetic activity after metamorphosis.

The biosynthetic activity of adult male CA
in vivo. The biosynthetic capacity of trans-
planted male and female CA was evaluated
in adult males allatectomized as pupae. CA
from newly eclosed males and females were
transplanted and [®H-methy}]-methionine
was injected into the allatectomized hosts.
Two days later the ASG were removed, and
the radiolabeled JH was guantitated. The
controls consisted of male moths with intact
CA. The data (Table 4) show that on a per
pair basis the JH content of hosts with trans-
plant male CA did not differ significantly
from those with CA in situ. On the other
hand, the ASG of moths with transplanted
female CA contained significantly less ra-
diolabeled JH.

TABLE 4. JH produced by male and fernale CA cultured in vivo and accumulated in ASG

Accumulation of JH (fmoles/pair CA) in ASG!

No. of Total JH per
Treatment trials JH-I JH-II JH-IIT pair CA

Normal males 21 1,360 (7507 210 (140} <28 1,570 (810
CA~* Male plus

adult male CA 3 600 (480) 140 (6807 <4 750 (540)
CA " male plus

adult female CA? 16 58 ND? 72
Male CA metamorphosed

in CA™ male = 580 (360) 400 (260} <5 950 (580
Female CA metamorphosed

in CA~ male 3 4 (6) 12 (6) <5 16(11)
Male CA metamorphosed in

CA ~ female transplanted

into CA™" male 5 900 {645} 380 (225) <9 1,230 (760)

! Animals were injected with |*H-methy]-methionine, Guantities of JH present computed on the basis of total dpm incorporated into

JH and therefore represent a minimum value.
2Mean (standard deviationt.

*CA : allatectomized.

"Data from Dahm et al. (76).

SND: Not determined.
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Next, we transplanted male pupal CA into
female pupae and vice versa to test whether
the difference in CA activity was due to fac-
tors in the internal environment during the
metamorphic period. Three types of trans-
plantation were carried out: (1) male pupal
CA into allatectomized male pupae, (2) fe-
male pupal CA into allatectomized male pu-
pae, and (3) male pupal CA into allatec-
tomized female pupae. After adult eclosion,
the male CA from group 3 females were re-
transplanted into newly eclosed allatectom-
ized male moths. All these adults were
injected with [*H-methyl)-methionine, and 2
days later the ASG were extracted. The ASG
of animals with male CA transplanted in the
pupal stage (Group 1) and with male CA
which developed in female pupae (Group 3)
contained radiolabeled JH in amounts which
were not significantly ditferent from that of
ASG from moths with intact CA. The ASG of
moths which received female CA tranplants
in the pupal stage (Group 2) had much less
JH than both the above groups (Table 4).
From these data, we can conclude that the
sexually dimorphic development of the CA
production of JH related compounds is not de-
pendent upon the environment of the meta-
morphosing CA.

Biosynthetic activity of larval and aduit CA
incubated in vitro. Earlier findings from
this laboratory have demonstrated the lack
of the JHAMT activity in the CA of adult
male Cecropia which is necessary to esterify
the JH acids prior to secretion in vitro (Peter
et al., '81; Dahm et al., ’81). Considering the
important role of JH during metamorphosis,
we found it critical to determine whether the
CA of male larvae also lacked the JHAMT
activity or whether the lack of JHAMT in
adult males represented a secondary loss of
the enzyme during the metamorphic period.
To test for the presence of the JHAMT, we
identified the secretory products of CA incu-
bated in vitro. CA from early male and fe-
‘male fifth instar larvae (<24-hr-old) were
incubated in Medium 1 for 4 days. The me-
dium was then extracted and analyzed for
JH related compounds. The CA from males
produced both JH-L(0.15 fmole day Ipair™1)
and JH-II (0.41 fmole day pan' 1 but not
JH-III (<0.08 fmole day lpair™!). Female
CA produced similar amounts: 0.16 fmole
day”~ palr L JHI and 0.95 fmole day -
pair ! JH-IL. The presence of the bona fide
JHs in the incubation media suggests that
the JHAMT is present in the CA of both

male and female larvae. Adult male CA were
incubated in Medium 2, which also contained
1, 2-14C) acetate. The use of this medium
made it possible to detect the presence of
JHAMT activity as well as obtain a relative
measure of the quantities of sesquiterpene
derivatives being produced by the CA. How-
ever, since the medium was not made defi-
cient in all carbon sources for the synthesis
of sesquiterpenes, the acetate labeling would
not allow for strict quantitation of the CA
activity. The medium from freshly eclosed
adult male CA contained 1,300 (+ 1,600) dpm
day™ palr ~1 JHI acid and 1,200 (+ 2,200)
dpm day ~'pair ! JH-II acid. No JH-III acid
was detected even though the precursor far-
nesoic acid (1,650 (+ 800) dpm day ~ pair -1
had been synthesized. Neither was there any
evidence of the methylation of the JH acids.
From these data, we have found that the
larval CA of both sexes can synthesize and
secrete the JHs, but that after metamorpho-
sis the adult male CA have lost the ability to
synthesize the complete JHs and secrete the
JH acids instead.

DISCUSSION

Since active methylation of JH acids and
storage of JH does not occur until adult eclo-
sion {Table 1), the process of JH accumula-
tion in the ASG appears to be develop-
mentally regulated. Even though JHAMT
activity is present in the tissues and luminal
contents of ASG from 16-day pharate adults
(Weirich and Culver, '79), accumulation of
JH only begins shortly before or after eclo-
sion. This may be due in part to the timing
of initiation of secretory function by CA (Gil-
bert and Schneiderman, '61; Williams, ’61)
but equally important is the capacity of the
ASG to take up JH acid. Our data show that
the ASG become competent to accumulate
JH-I on day 16 of adult development (Table
1), which is coincident with the onset of secre-
tion of luminal material. However, the abil-
ity to accumulate JH-I from exogenous JH-I
acid remains low until eclosion even though
most of the luminal material, of which the
JHAMT is one component, is secreted by day
19. It is only shortly before adult eclosion
that the capacity to accumulate JH reaches
adult levels. In agreement with this, we
showed that the uptake of injected JH-I acid
wag low in ASG of pharate adults until just
prior to eclosion. If the JH acid diffuses freely
into the ASG, then it should have been pres-
ent in the ASG of all ages of pharate adults



P.D. SHIRK, G. BHASKARAN, AND H. ROLLER

injected with JH-I acid. The regulation of JH
accumulation may thus be at the level of JH
acid transport through the gland cells.

The specificity of JH accumulation also re-
flects the parallel biochemical specialization
of the CA and the ASG. The CA of adult
Cecropia secrete only JH-I acid and JH-II
acid in vitro (Dahm et al., ’81; Peter et al.,
'81), and the ASG accumulate more JH-I than
JH-II and virtually no JH-III when incubated
with equal quantities of JH acids in vitro
(Table 2). The JHMAT in homogenates of
ASG exhibit a similar substrate preference
pattern (Dahm et al., ’81; Peter et al., 81).
However, a more complex picture emerges
from the in vivo data. When equal quantities
of the three JH acids were injected into alla-
tectomized adult males, the ratio of juvenile
hormones accumulated in the ASG was dif-
ferent from that obtained by incubation of
the acids with ASG in vitro. JH-II was the
major component accumulated, but in con-
trast to the ASG in vitro, in the animals the
glands accumulated substantially lower
quantities of JH-I. This suggests that the
uptake of JH acids may also be regulated by
the transport of the acids to the glands and/
or the rate at which the acids are cleared
from the hemolymph. Lastly, the accumula-
tion of JH in the ASG may also be influenced
by the catabolic enzymes in the ASG itself;
both JH esterase and epoxyhydrase are pres-
ent in the ASG (Peter, Dahm and Roller,
unpublished) and their substrate preference
could affect the final ratio and quantities of
JH accumulated.

The development of the ASG is affected
during metamorphoesis by the environment
they are in. ASG which have metamorphosed
in female pupae have a decreased capacity of
JH accumulation. That this is not due to
simple physical factors, such as postopera-
tive trauma, is shown by the data from
various cross-transplantation experiments.
However, neither ablation of the brain-CC-
CA complex (data not shown) nor the gonads
had any influence on ASG development
either positive or negative. Whether some
male factor is necessary for stimulation or
functional maturity of the ASG or a female
factor suppresses is still uncertain. The fact
that parabiosis with a female had no adverse
effect on the ASG may indicate a role for a
positive male factor, although dilution of a
female suppressing factor cannot be excluded
in these experiments.

The adult CA exhibit sexual dimorphism
which is manifested by a difference in size,
the nature of the secretory product (i.e., JH
acids vs. JH), and the quantity of the product

-

secreted. On the basis of wet weight, Gilbert
and Schneiderman ('61) determined the CA
of adult males to be five times larger than
CA of adult females. It was also found that
the amount of JH acids in the adult male CA
was substantially more than the amounts in
female CA (Peter et al., '81). If one accepts
that the amount of JH accumulated in the
ASG is related to the quantity of product
secreted from the CA, the large male CA
were far more active than the female CA.
Therefore, at least for this moth the size of
the CA truly reflect the secretory activity. A
vorrelation between productivity and CA size
has also been demonstrated for the cockroach
Duplopivra punctata (Szibbo and Tobe, ’82).
As an antithesis to Cecropia, the males of
this cockroach have small CA which produce
JI at slower rates than do CA from females.
In both of these animals, the evidence sug-
gests that the capacity to synthesize JH is an
intrinsic component of the CA.

The reasons underlying the hypertrophy of
the male CA in Cecropia remain to be eluci-
dated. We can, however, infer that differ-
ences in internal milieu during adult meta-
morphosis are not responsible for the di-
morphism since male CA developing in fe-
males showed no decline in the amounts of
JH-related compounds produced. On the
other hand, neither did the female CA gain
in their productivity by metamorphosing in
the male environment. The determinative
event for the dimorphism may therefore be
genetically programmed or programmed at
an earlier stage.

A final puzzling feature of the male JH
system is the apparent loss of the JHAMT
activity in the CA during metamorphosis.
This modification in the morphogenesis of
the CA may be a fortuitous natural phenom-
enon, the study of which may provide clues
to unravel the control mechanisms regulat-
ing CA aetivity in general. Current evidence
suggests that the controls may be either neu-
rohormonal, neural, or both. The neurohor-
mones may be stimulatory (Sehnal and
Granger, *75; Bhaskaran, "81) or inhibitory
(Giraridie, ’67; Morohoshi and Shimada, *76;
Williams, ’76; Bhaskaran et al., ’80; Bhas-
karan, '81), The neural control is predomi-
nantly inhibitory (Wigglesworth, ’36;
Scharrer, '52; Lischer and Englemann, ’55;
Fraser and Pipa, *77; Stay andd Tobe, ’81).
Generally during the penultimate or last lar-
val instar, the CA are inactivated or have
greatly suppressed activity and then during
pharate adult stage or after eclosion the CA
become reactivated in almost all examples.
The male Cecropia CA may represent a rare
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instance of a failure to reactivate the expres-
sion of an enzyme involved in the terminal
step of the biosynthetic scheme of JH.
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