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Metabolism of Ecdysteroids during the Vitellogenesis of the Tick
Ornithodoros moubata (Ixodoidea, Argasidae): Accumulation of
Apolar Metabolites in the Eggs
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The fate of injected [*Hlecdysone (*H]JE) and 20-hydroxy-[*Hlecdysone ([*H]20E) has
been investigated in the female tick Ornithodoros moubata (Murray, 1877; sensu Walton,
1962). When injected into fed mated vitellogenic females, [PH]E is converted into [*H]20E
and two apolar classes of metabolites, AP1 and AP2. Injected [*H]20E is directly converted
into AP1 and AP2. AP2 is incorporated into the ovaries in a high proportion and at the end
of the vitellogenic cycle represents about 25% of the total label recovered from the animal.
The fate of labeled hormones injected into virgin females which perform an abortive vitel-
logenic cycle is quite similar. However, the ovaries incorporated less of the AP2 products.
Ovaries of mated females cultured in vitro in the presence of [*H]E are able to produce
[BH]20E and AP2. AP2 is incorporated, while [*'H]20E is mainly found in the medium.
Ovaries of virgin females presented a slower rate of transformation and of incorporation of
the label. Labeled AP2 is recovered in freshly laid eggs and API1 in the females after
oviposition. AP1 and AP2 can produce [*H]20E, [*H]E, and other minor polar peaks when
submitted to hydrolysis by esterase. It is concluded that the female O. moubata possesses
a special enzymatic mechanism for transformation of ecdysteroids into apolar products and
for selective incorporation of AP2 into the ovaries. These products are present in the freshly
laid eggs and could play a role during embryogenesis.

The presence of ecdysteroids (ES) in fe-
males and eggs of numerous species of in-
sects (see review of Hoffmann et al., 1980)
or crustaceans (see review of Spindler et
al., 1980) is now well documented. ES are
also present in the eggs of the Ixodid ticks:
in Amblyomma hebraeum as determined by
radioimmunoassay (RIA), gas chromatog-
raphy of trimethylsilyl derivatives, and
mass spectroscopy (Diehl et al., 1982), and
in Ripicephalus appendiculatus (White-
head, Obenchain, and Mango, unpublished
data). Our preliminary results using the
RIA technique indicate that ES are also
present in the ovaries, in the newly laid
eggs, and in the hemolymph during vitel-
logenesis of the argasid tick Ornithodoros
moubata (Murray, 1877; sensu Walton,
1962).

Only a few reports exist on the metabo-
lism of injected ES during the gonotrophic

cycle of the female arthropods. Hoffmann
et al. (1974) indicate that the female Lo-
custa metabolizes tritiated ecdysone
(*H]E) to 20-hydroxyecdysone (20E), 3-de-
hydroecdysone, 3-dehydro-20-hydroxyec-
dysone, and polar products which are ex-
creted in the feces, together with free un-
metabolized [*H]E. Briers and De Loof
(1983) have studied the fate of injected
[*H]E in the female Tenebrio molitor. The
major metabolites were highly polar prod-
ucts; however, most of the label (65%) was
recovered in the feces as unmetabolized
[PHIE. In female Sarcophaga bullata, in-
jected PHIE is metabolized to 20E, then to
highly polar products which are conjugated
forms of storage in the ovary. In addition,
the ovary is the only tissue capable of
storing considerable amounts of labeled ES
(Briers et al., 1983). The crab Carcinus
maenas converts [PH]E in vivo (as well as



in vitro) mainly to 20E, since less than 4%
of the total label is recovered in other me-
tabolites (Lachaise, 1981). The only study
on the metabolism in ticks concerns the
fifth nymph stage of the argasid O. mou-
bata. PH]E is converted to [*’H]20E and to
unidentified polar and apolar metabolites
(Bouvier et al., 1982). Here, we report on
the fate of [PH]E and [*H]20E in the female
during the gonotrophic cycle.

MATERIAL AND METHODS

Animals. Female Ornithodoros moubata (Murray,
1877; sensu Walton, 1962) were fed on defibrinated pig
blood (at 37°) through a Parafilm membrane. They
were kept in glass tubes loosely plugged with cotton
at 27° and 30-40% relative humidity in the dark.
Mated females accomplish their gonotrophic cycle
within approximately 10 days, while virgin females
have an abortive vitellogenesis and, in most cases, do
not oviposit (see Aeschlimann, 1968; Germond and
Aeschlimann, 1977).

Chemicals. All solvents were of analytical or chro-
matographical grade (Merck). [23,24-3H,(N)]-
Ecdysone (sp act 53.6 Ci/mmol) was purchased
from New England Nuclear Corporation and was
purified by high-performance liquid chromatogra-
phy (HPLC) immediately before use. 20-OH-
[*H]Ecdysone was kindly provided by Dr. Lafont
(Paris ENS) and prepared from Pieris nymphs. Cold
standard ecdysone (E), 20-OH-ecdysone, and makis-
terone A were purchased from Simes (Italy). Ponas-
terone A was a gift from Dr. Koolman, ecdysone ac-
etates from Dr. Rees, 2-deoxyecdysone was kindly
provided by Dr. Horn and Dr. Ohnishi, and 22,25-di-
deoxyecdysone by Dr. Thompson.

Injections. Labeled ecdysteroids were dried under
a stream of N, and taken up in 0.9% NaCl or medium
TC 199. About 10° cpm in 2 wl was injected with a fine
capillary tube into the hemolymph of the tick through
the articulation membrane of the leg.

Cultures. Ovaries were dissected in sterile TC 199
medium in which the osmotic pressure was adjusted
to 370 mOsm with NaCl. They were rinsed three times
in the sterile solution. Two ovaries were placed in each
incubation dish (Nunclon®, Denmark) with 300 pl me-
dium containing 3 x 10° cpm [*H]ecdysone, 100 ng
cold E/ml, and 20 pl penicillin/streptomycin (10,000 U
and 10,000 wg/ml). The ovaries were incubated for 6
or 24 hr at 28°.

Extractions. Hemolymph of four or five females, de-
pending on experimental groups, was collected with
capillary tubes after puncturing the articulation mem-
brane of several legs. It was then placed in methanol,

vortexed, sonicated, and centrifuged (10 min, 10,000
rpm).

After the hemolymph was withdrawn, the females
were dissected in TC 199. The ovaries were removed,
placed in methanol, and homogenized in a Potter, and
the suspension was sonicated and centrifuged (10 min,
10,000 rpm).

The carcasses which remained after hemolymph re-
moval and ovary dissection were homogenized with
the dissection solution in 10 ml of methanol in an ho-
mogenizer (Polytron). The suspension was centrifuged
and the pellet was resuspended twice in methanol.

Ovaries cultured in the medium containing
[*Hlecdysone were rinsed three times in cold medium
for 10 min, and then extracted in the same manner as
the ovaries previously mentioned.

Some of the extracts were purified by the SEP-PAK
method. The methanolic extract was dried, solubilized
in S ml 25% methanol and deposited on the C18 SEP-
PAK cartridge. Then 5 ml 60% methanol was used to
elute the free ES fraction and 5 ml 100% methanol the
apolar fraction (Lafont et al., 1982).

High-performance liquid chromatography. The
HPLC apparatus was a Perkin-Elmer Series 3 chro-
matograph with a LC 55 variable-wavelength spectro-
photometer at 242 nm. Cold standards were coinjected
with the different samples. The reverse-phase mode
(Merck HIBAR Column RT, 25 ¢m, id 4 mm, packed
with lichrosorb RP-18, 5 or 7 um) was used with a
gradient of methanol-Tris buffer (pH 7.5, 20 mM; 30
to 45% linear gradient within 10 min, 45% isocratic for
15 min; and 45-100% linear gradient within 20 min,
followed by a 10-min purge). The flow was 0.8 ml/min
and the column temperature was 27°. An HPLC silica
column (Perkin—Elmer Silica A; 0.26 x 25 cm) was
used under isocratic conditions (chloroform—isopro-
panol-water 100:20:1.25) with a flow of 1 mi/min.

Hydrolysis with esterase. Crude extracts or apolar
products, purified by HPLC or by the SEP-PAK
method, were placed in glass vials, dried under a flow
of N,, and hydrolyzed with 200 pl of esterase (Boeh-
ringer) in 1.8 ml 0.1 M borate buffer, pH 8. After an
overnight incubation at 37°, the ecdysteroids were ex-
tracted with methanol.

Liquid scintillation counting. The HPLC fractions
were mixed with a scintillation cocktail (Riatron). Ra-
dioactivity was measured with a Kontron MR 300 au-
tomatic liquid scintillation system. Results are ex-
pressed in cpm since only a small difference of
quenching exists among the different HPLC fractions
in our conditions.

Radioimmunoassay. The dried extracts were dis-
solved in 0.1 M citrate buffer at pH 6.2. The ecdyste-
roid concentration was determined by the radioim-
munoassay method described by De Reggi et al.
(1975). The concentration in biological samples is ex-
pressed as a 20-OH-ecdysone equivalent. The RIA is



about 2.5 times more sensitive to ecdysone than to 20-
OH-ecdysone.

The antibodies were generously supplied by Dr. De-
laage. Assay of the esterase suspension proved that
no RIA-positive material was detectable in our enzy-
matic solution.

RESULTS

Metabolism of Ecdysteroids in Mated
Female O. moubata

Mated females O. moubata begin to ovi-
posit within about 10 days after their blood
meal. [*H]Ecdysone (*H]E) was injected 3,
8, or 9 days after feeding (3d, 8d, or 9d,
respectively) and the fate of this labeled
hormone in the hemolymph, in the ovaries,
and in the remainder of the body (carcass)
was investigated 6, 24, and 48 hr after in-
jection. Particular attention was given to
these stages because they represent two
moments where the physiological level of
ES is high in the animal. In addition, on the
third day, vitellogenesis is just beginning
(previtellogenesis), while at the eighth and
ninth days, there is a very active incorpo-
ration of vitellus. The radiochromatograms
of the extracts from the different experi-
ments generally demonstrated four radio-
active peaks, or group of peaks (Fig. 1).
The first two peaks (1 and 2) had the same
retention time on a RP 18 column as did
cold 20-hydroxyecdysone (20E) and E stan-
dards, respectively. Each of these peaks
was collected and afterward injected on a
silica column. They again migrated like the
cold standards. Several unidentified radio-
active products eluted later than peaks 1
and 2. These apolar products could be sep-
arated into two distinct groups: group 3
(AP1), which eluted between 40 and 52 min,
and group 4 (AP2), which eluted between
52 and 65 min. Occurrence and relative dis-
tribution of these four peaks were investi-
gated in 3d and 8d females (Fig. 2).

The injected labeled hormone [*H]E cor-
responded to the second peak. In the he-
molymph, the percentage of the labeling in
this peak decreased to a very low level 48

hr after injection. The half-life of the hor-
mone was shorter in 8d females than in 3d
females (approximately 3 hr versus 8 hr).
[*H]E was also recovered from the ovaries
after 6 hr, but it had disappeared after 24
hr. Surprisingly, the unmetabolized hor-
mone represented 20 to 25% of the labeling
recovered from the carcass 48 hr after in-
jection.

[*H]20E, which corresponds to the first
peak, was found in the hemolymph, ova-
ries, and carcass 6 hr after injection of
[PH]E. The percentage of the cpm repre-
sented by this metabolite decreased rapidly,
and after 24 hr no more was found in the
hemolymph and ovaries of both 3d and 8d
females. This metabolite, however, was still
present in the carcass 48 hr after injection
though it represented only a small per-
centage of the labeling. Thus, female O.
moubata appeared to be able to synthesize
20-hydroxyecdysone from ecdysone, but
the rapid disappearance of this product in-
dicates that it does not constitute a terminal
product.

In contrast with the first two radioactive
peaks, which were present in their lowest
percentages of labeling 48 hr after injection,
the apolar products began to increase from
the beginning and reached 70 to 75% of the
total labeling 48 hr after injection in 3d and
8d whole females. Thus, these products ap-
pear to be the major terminal metabolites
of [*H]E. However, the proportion between
AP1 and AP2 in the whole tick was not the
same in the two stages examined. The pro-
portion of AP2 increased from 19.4% of the
apolar products in 3d females to 40.7% in
8d females. The percentages represented
by AP1 and AP2 in each of the three com-
partments were very different. In the he-
molymph AP2 were the major metabolites
after 48 hr, and a lower percentage was rep-
resented by API. In contrast, however,
AP1 represented the highest percentage of
the labeling in the carcass, and almost no
AP2 remained in this compartment after 48
hr. In the ovaries 48 hr after injection, AP2
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Fi1G. 1. Reverse-phase RP 18 HPLC radiochromatogram showing the four radioactive peaks or
groups of peaks obtained after injection of [*H]ecdysone into the hemocoel of female Ornithodoros
moubata. (Radiochromatogram of an extract of carcass 24 hr after injection into females 3 days after
feeding is shown here). 1 = 20-Hydroxyecdysone, 2 = ecdysone, 3 = AP1, and 4 = AP2. Retention
times of different cold standards under our HPLC conditions are given for comparison: 20E = 20-
hydroxyecdysone, M = makisterone A, E = ecdysone, E3A = ecdysone-3-acetate, PA = ponas-
terone A, E2A = ecdysone-2-acetate, 22,25-DDE = 22,25-dideoxyecdysone. Dotted line corresponds
to the solvent gradient used for these experiments.
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rapidly became the major product, reaching
80 to 85% of the radioactive products in this
organ.

In another group of experiments, 3d and
8d females were injected with [*H]20E, and
the hemolymph, the ovaries, and the car-
casses of these females were extracted 6
and 24 hr after injection. The half-life of this
hormone was longer than that of PH]E. Ra-
diochromatograms of the experiments dem-
onstrated three radioactive peaks or group
of peaks: [*H]20E, API1, and AP2. Thus,
AP1 and AP2 were the only metabolites
produced. These two products were both
found in the hemolymph and the carcass
but in inverse proportions. In the ovaries,
after 24 hr API1 represented less than 10%
of the labeled products, and AP2 had
reached approximately 50%. The remaining
labeling in the ovaries corresponded to
[*H]J20E.

Thus, after injection of [*H]E or [*H]20E,

the ovaries contained a considerable quan-
tity of labeling, principally in the form of
AP2. This accumulation of radioactive
compounds by the ovary was especially
pronounced in 8d and 9d females (Fig. 3).
In 3d females, at the beginning of vitello-
genesis, the labeling of the ovaries repre-
sented a small percentage of the total la-
beling (2.5%), and this quantity did not in-
crease with time. On the other hand,
ovaries of 8d females, which are highly vi-
tellogenic, actively incorporated the la-
beling. For injected [P'H]E, the amount of
radioactivity in the ovary reached about
25% of the total radioactivity after 48 hr.
The labeling appeared to accumulate more
quickly in the ovaries after the injection of
[*H]20E than [PH]E (20.6% versus 11.6%
incorporated after 24 hr). In the ovaries of
9d females (approximately 1 day before the
beginning of oviposition), the phenomenon
was more pronounced since the ovaries
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FI1G. 2. Fate of injected [*Hlecdysone in hemolymph
(He), carcass (Ca), and ovaries (Ov) of female Orni-
thodoros moubata 3 and 8 days after feeding and 6,
24, and 48 hr after injection. Radioactivity of each
metabolite is expressed as a percentage of the total la-
bel in each compartment. O—O, Ecdysone; X- - -X,
20-hydroxyecdysone; @- - -@®, APl; @— - —@,
AP2.

contained about one third (31.4%) of the
total labeling after only 6 hr.

We can conclude that AP2, which con-
stitute the major part of the labeling in the
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FiG. 3. Percentage of label recovered from the ova-
ries of females injected with [*Hlecdysone, N, or 20-
hydroxy-[*H]ecdysone, B3, 3, 8, and 9 days after
feeding (100% corresponds to the total label recov-
ered).

ovaries, accumulate rapidly into these or-
gans during the vitellogenic process.

Metabolism of Ecdysteroids in
Virgin Females

In contrast to fed mated females, fed
virgin females cannot normally complete
the digestion, vitellogenesis is abortive, and
oviposition does not occur. Vitellus is re-
sorbed after 10 to 20 days. In order to com-
pare the metabolism of ES in normal and
abortive gonotrophic cycle, we injected
virgin females 8 days after feeding with
[PH]E or [*’H]20E. The fates of the labeled
injected hormones were similar to those in
mated females. 20E, AP1, and AP2 were
produced when [PH]JE was injected and
only AP1 and AP2 when [*H]20E was in-
jected.

The half-life of these hormones was long.
For [*HJE it was 8 hr in the hemolymph,
which corresponded to that of the 3d mated
females. The half-life of PHJ20E was 16—
17 hr. After injection of [*H]E or [PH]20E
only AP2 were present in the ovaries. How-
ever, the total amount of radioactivity in-
corporated into the ovaries at this time rep-
resented only 3.5% of the total labeling re-
covered in the females for [P'H]E and 1.5%
for [PH]J20E. Thus, ovaries of virgin females
presented a very low rate of incorporation
of AP2 which was similar to the rate in 3d
females where active vitellogenesis had not
begun.

In Vitro Activity of the Ovaries from
Mated Females

Ovaries from 3d and 8d females were cul-
tured in the presence of [’H]E. Table 1 sum-
marizes the fate of the labeled hormone in
the ovaries and in the medium after 6 and
24 hr of incubation. The radioactive peaks
1, 2, and 4 were present both in the ovaries
and in the medium, whereas the products
corresponding to peak 3 were not found in
the ovary. AP2 always represented the
major portion of the labeling in the ovary
(93% in 8d ovaries after 24 hr). In the me-



TABLE 1
FATE OF [PH]ECDYSONE AFTER 6 OR 24 HR OF INCUBATION WITH OVARIES FROM MATED ORNITHODOROS MOUBATA
FEMALES 3 OR 8 DAYS AFTER FEEDING

% of total cpm % of total cpm

Age of the Incubation in the ovary in the medium
ovary time
(days) (hr) E 20E AP E 20E AP
3 6 30.2 14 56 93 1.2 3
24 20 3.3 72 90.5 4.7 2.2
8 6 25 5.5 70 97.7 0.9 0.9
24 53 1.6 93 92 5.1 1.8

Note. Unmetabolized Hormone (E), 20-hydroxyecdysone (20E), and apolar products (AP) are expressed as

the percentages of label recovered either in ovary or in medium.

dium the largest part of the labeling corre-
sponded to unmetabolized [*H]E (more
than 90%). The cpm remaining represented
20E and apolar products. Interestingly, 20E
accumulated in the medium and reached
about 5% of the labeling after 24 hr. A small
percent of the apolar products (less than
3%) was also present in the medium.

Table 2 gives the percentages of the dif-
ferent metabolites among total labeling me-
tabolized both in the ovaries and in the me-
dium of the culture. It is thus clear that 20E
did not remain in the ovary, but was se-
creted into the medium, while the apolar
products stayed in the ovary. Thus, the
ovaries of mated females seemed to be able
to transform [*H]E into 20E and AP2 and
to incorporate apolar products rather than
20E.

Figure 4 (first two rows) gives the rates
of incorporation of the ovaries at two dif-
ferent times during the gonotrophic cycle
(remember that AP2 represented the major
part of the labeling in the ovaries). Ovaries

TABLE 2
20-HYDROXYECDYSONE (20E) AND APOLAR PRODUCTS
(AP) EXPRESSED AS PERCENTAGES OF ALL THE
METABOLITES PRODUCED DURING 24 HR OF
INCUBATION OF OVARIES FROM FEMALES
8 DAYS AFTER FEEDING

Product % in ovary % in medium
20E 1.25 23.47
AP 66.78 8.49

from 8d females incorporated more of the
labeling and incorporated the labeling more
quickly than did 3d ovaries.

In Vitro Activity of Ovaries from

Virgin Females

Figure 4 (last two rows) shows the dif-
ference between incorporation of the label
by the ovaries of virgin females of different
physiological conditions and by the ovaries
of mated females. The ovaries of unfed
virgin females, in which vitellogenesis was
not initiated, presented a low level of in-
corporation. The products present in the
ovaries after incubation were identified as
20E, E, and AP2. However, AP2 repre-
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sented 52% of the cpm in the ovaries after
24 hr.

The ovaries of 8d fed virgin females
which performed an abortive vitellogenesis
were much more active in view of the trans-
formation and incorporation of [*'HJE me-
tabolites. After 24 hr, AP2 represented 94%
of the cpm in the ovaries, and the incor-
poration rate was significantly higher than
that of unfed virgin female ovaries and also
that of 3d fed mated females ovaries.

Metabolism in Eggs and in Females
after Oviposition

Five mated females were injected with
PHIE and five others with [*H]20E 8 days
after the blood meal. Freshly laid eggs were
collected every day and extracted for
HPLC analysis. Approximately 10 days
after the end of oviposition, the two groups
of females were also extracted. The nature
and amount of labeling due to the injection
of [PH]E or [*H]20E in freshly laid eggs and
in females after the oviposition were inves-
tigated (Fig. 5). With [*H]E, about 47% of
the total label recovered (from eggs and fe-
males together) was transferred into the
eggs. HPLC analysis revealed that AP2 was
the only constituent. In the case of P'H]20E
injection, only 25.5% was transferred in the
form of 20E and AP2. In contrast, API
products were present in whole body ex-
tracts of females, either alone after [PH]E
injection, or together with 20E after injec-
tion of [*H]20E (Fig. 5).

Possible Chemical Nature of the
Apolar Metabolites

The extracts of females and of eggs were
hydrolyzed with esterase and then analyzed
with HPLC (Fig. 5). Hydrolysis of the AP1
and AP2 with this enzyme liberated free
[PHIE and [*H]J20E, in the case of injected
[*HIE, or free [*H]20E, in the case of in-
jected PH]20E. These different peaks were
collected after RP18 HPLC analysis and in-
jected again on a silica column to ascertain
their identity.

In addition to the free hormones, one or
two peaks of polar products of less quan-
titative importance were liberated from the
AP1 of both experimental groups. One of
these peaks (the most polar) had the same
retention time (approximately 15 min) and
could represent free 20,26-dihydroxyecdy-
sone. However, its exact nature has not yet
been investigated.

DISCUSSION

As in many arthropods studied thus far,
the argasid tick Ornithodoros moubata uses
ecdysone and 20-hydroxyecdysone (20E)
during its immature stages to control the
molting processes (Germond et al., 1982).
Preliminary results with HPLC/RIA indi-
cate that these hormones are also present
in the adult female during the gonotrophic
cycle. We have thus investigated the fate of
labeled injected E and 20E in the females
in order to compare it with that of fifth in-
star nymphs previously studied (Bouvier et
al., 1982). In addition, this study is of great
interest since several species are able to in-
corporate ES conjugates into their eggs and
possibly use them for the control of embry-
onic molting processes (Review, Hoffmann
et al., 1980).

Our results indicate that the female is
able to convert [PH]E into [*H]20E, as is
the case in the last instar nymphs (fifth
nymphs) (Bouvier et al., 1982).

One or two polar products (PP), more
polar than 20E, were obtained after enzy-
matic hydrolysis. This indicates that the fe-
male can also produce them, although it is
not possible to see them on the different
radiochromatograms of the crude extracts.
However, these products were not as polar
as those produced by the fifth instar
nymphs. Perhaps the female does not pos-
sess all the enzymes necessary for the last
step of this metabolic pathway.

Like the fifth instar nymphs, the female
0. moubata also produces apolar products
(AP). These AP have the same retention
times in both stages and can be separated
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[*Hlecdysone or 20-hydroxy-[*HJecdysone 8 days after feeding. The place where the cold standards



into two distinct groups: AP1 and the less
polar AP2. In fifth nymphs, AP2 rapidly ap-
pear during the first 24 hr after injection and
thereafter are gradually converted into
AP1. In females, the situation is similar.
Both AP1 and AP2 are produced but 48 hr
after injection only AP1 remain in the car-
cass. However, AP1 and AP2 circulate in
the hemolymph. In contrast, AP2 dominate
in ovaries, and thus, newly laid eggs con-
tain large amounts of these products.

Our results indicate that the incorpora-
tion of AP2 into the ovary is linked to the
vitellogenic process. The production of
AP2 by the female is always possible; how-
ever, in virgin females or in 3d fed mated
females, the incorporation into the ovary is
low. In contrast, the phenomenon is partic-
ularly pronounced during the active incor-
poration of vitellus which occurs approxi-
mately 8 to 9 days after feeding. Our ex-
periments allow us to hypothesize two
different mechanisms for the incorporation
of AP2 into the ovary. (1) From the in vitro
experiment, we can see that the ovary is
permeable to E from the environment and
can itself produce and incorporate AP2, in
the total absence of vitellogenins or pro-
teins. (2) On the other hand, we can sup-
pose that not only the ovary produces AP2,
but that the AP2 produced by other organs
and circulating in the hemolymph can also
be trapped in the ovary during vitellogen-
esis.

The exact chemical nature of these AP is
still unknown. However, according to their
retention times on the RP-18 column, they
represent compounds less polar than E-3-
acetate, which has been reported in deve-
loping eggs of Schistocerca gregaria (1saac
et al., 1981), or even E-2-acetate or 20E-2-
acetate. The fact that these products lib-
erate E and 20E after esterase hydrolysis
suggests that they are ES esters, perhaps
esters of fatty acids, which should be less
polar than acetate esters.

Preliminary unpublished data show that
compounds similar to AP2 may accumulate

naturally in the eggs since hydrolysis of
methanolic extracts of freshly laid eggs in-
crease the quantity of RIA-positive mate-
rial (up to 35 times). Thus, it seems that
some conjugated forms of ES exist in the
eggs of 0. moubata. This situation is com-
parable to those in several arthropods: S.
gregaria (Gande and Morgan, 1979; Dinan
and Rees, 1981), Locusta migratoria (Hoff-
mann et al., 1980), Galleria mellonella
(Hsiao and Hsiao, 1979), Bombyx mori (Mi-
zuno and Ohnishi, 1975). However, in these
species, ES conjugates corresponded to
highly polar products which were hydrolyz-
able by Helix pomatia enzymes.

The structure of some conjugates has
been elucidated in detail in two orthopteran
species: (1) L. migratoria (22-adenosine
monophosphoric ester of 2-deoxy-E, 22-N°&-
(isopentenyl)-adenosine monophosphoric
ester of E, 3-phosphate of 3-epi-2-deoxy-E)
(Tsoupras et al., 1982a, b, 1983) and (2) S.
gregaria (E-22-phosphate, 2-deoxy-E-22-
phosphate) (Isaac et al., 1982, 1983). In Lo-
custa, the conjugates are metabolized
during embryogenesis (Sall ez al., 1983) and
the free ES liberated may fulfill several
roles during embryogenesis, e.g., control
embryonic molts (Hoffmann et al., 1980).
The conjugates present in the eggs of O.
moubata may also represent a storage form
of ES. This kind of apolar conjugate has
not, however, yet been reported in the lit-
erature, but it could represent a normal fate
of ecdysone in ticks since this type of con-
jugate has recently been described in a fe-
male of the family Ixodidae, Boophilus mi-
croplus (Wigglesworth and Rees, 1983).
The authors also indicated that these prod-
ucts are probably esters of fatty acids since
[*H]ES and fatty acids are released upon
alkaline treatment. These AP products are
also produced in vitro by Malpighian tu-
bules, ovaries, fat body, and gut. In addi-
tion, they are recovered in the freshly laid
eggs.

Preliminary data on the metabolism of
ES in the abdomen of female Drosophila



melanogaster also indicate the occurrence
of comparable apolar metabolites (Diiben-
dorfer and Maroy, 1983).

Thus, we have evidence of a class of ES
metabolites which is new for arthropods.
These apolar compounds are probably ES
esters which represent a new storage form
in eggs.

ACKNOWLEDGMENTS

This work was generously supported by the Swiss
National Foundation for Scientific Research
(3.070.81) and by Emil Barrel Stiftung. The authors
gratefully acknowledge Miss Ellen Dotson for reading
and correcting the English of the manuscript.

REFERENCES

Aeschlimann, A. (1968). La ponte chez Ornithodorus
moubata Murray (Ixodoidea, Argasidae). Rev.
Suisse Zool. 75, 1033-1039.

Bouvier, J., Diehl, P. A., and Morici, M. (1982). Ec-
dysone metabolism in the tick Ornithodoros mou-
batra (Argasidae, Ixodoidea). Rev. Suisse Zool.
89(4), 967-976.

Briers, T., and De Loof, A. (1983). Distribution and
metabolism of ecdysteroids in the adult yellow
mealworm beetle, Tenebrio molitor. Insect
Biochem. 13(5), 513-522.

Briers, T., Van Beek, E., and De Loof, A. (1983).
Metabolism of injected ecdysone in female Sar-
cophaga bullata (Diptera). Comp. Biochem. Phy-
siol. A 75(1), 9-14.

De Reggi, M. L., Hirn, M. H., and Delaage, M. A.
(1975). Radioimmunoassay of ecdysone: An ap-
plication to Drosophila larvae and pupae.
Biochem. Biophys. Res. Commun. 66, 1307-
1315.

Diehl, P. A., Aeschlimann, A., and Obenchain, F. D.
(1982). Tick Reproduction: Oogenesis and Ovi-
position. In “‘Physiology of Ticks’ (Obenchain
and Galun, eds.) pp. 277-350. Pergamon Press,
London, New York.

Dinan, L. N., and Rees, H. H. (1981). The identifi-
cation and titers of conjugated and free ecdyste-
roids in developing ovaries and newly-laid eggs
of Schistocerca gregoria. J. Insect Physiol.
27, 51-58.

Diibendorfer, A., and Maroy, P. (1983). Ecdysteroid
metabolism in abdominal tissues of the adult fe-
male Drosophila melanogaster. Communication,
VIth European Ecdysone Workshop, Szeged,
Hungary.

Gande, A. R., and Morgan, E. D. (1979). Ecdyste-
roids in the developing eggs of the desert locust,

10

Schistocerca gregaria. J. Insect Physiol. 25, 289~
293.

Germond, J. E., and Aeschlimann, A. (1977). Influ-
ence of copulation on vitellogenesis and egg-
laying in Ornithodoros moubata (Ixodoidea: Ar-
gasidae). In ‘*Advances in Invertebrate Repro-
duction” (K. G. Adiyodi and R. G. Adiyodi,
eds.), pp. 308-318. Peralam-Kenoth, Karirellur,
India.

Germond, J. E., Diehl, P. A., and Morici, M. (1982).
Correlations between integument structure and
ecdysteroid titers in fifth-stage nymphs of the tick
Ornithodoros moubata (Murray, 1977; sensu
Walton, 1962). Gen. Comp. Endocrinol. 46, 255—
266.

Hoffmann, J. A., Koolman, J., Karlson, P., and Joly,
P. (1974). Molting hormone titer and metabolic
fate of injected ecdysone during the fifth larval
instar and in adults of Locusta migratoria. Gen.
Comp. Endocrinol. 22, 90-97.

Hoffmann, J. A., Lagueux, M., Hetru, C., Charlet,
M., and Goltzene, F. (1980). Ecdysone in repro-
ductively competent female adults and in embryos
of insects. In “‘Progress in Ecdysone Research”
(J. A. Hoffmann, ed.), pp. 431-465. Elsevier/
North-Holland, Amsterdam.

Hsiao, T. H., and Hsiao, C. (1979). Ecdysteroids in
the ovary and the egg of the greater wax moth. J.
Insect Physiol. 25(1), 45-52.

Isaac, R. E., Rees, H. H., and Goodwin, T. W. (1981).
Isolation of ecdysone-3-acetate as a major ecdy-
steroid from the developing eggs of the desert lo-
cust Schistocerca gregaria. J. Chem. Soc. Chem.
Commun., 594-595.

Isaac, R. E., Rose, M. E., Rees, H. H., and
Goodwin, T. W. (1982). Identification of ecdy-
sone-22-phosphate and 2-deoxyecdysone-22-
phosphate in eggs of the desert locust, Schisto-
cerca gregaria by fast atom bombardment mass
spectrometry and N.M.R. spectrometry. J. Chem.
Soc. Chem. Commun. 249-251.

Isaac, R. E., Rose, M. E., Rees, H. H., and
Goodwin, T. W. (1983). Identification of the 22-
phosphate esters of ecdysone, 2-deoxyecdysone,
20-hydroxyecdysone and 2-deoxy-20-hydroxyec-
dysone from newly laid eggs of the desert locust,
Schistocerca gregaria. Biochem. J. 213, 533~
541.

Lachaise, F. (1981). ‘‘Recherches sur les ecdysté-
roides au cours de la reproduction et du dével-
oppement embryonnaire de Carcinus maenas (L.)
(Crustacé, Décapode).’” Thése d’Etat, Paris VI.

Lafont, R., Pennetier, L. L., Andrianjafintrimo, M.,
Claret, J., Modde, J. F., and Blais, C. (1982).
Sample processing for high-performance liquid
chromatography of ecdysteroids. J. Chromatogr.
236, 137-149.



Mizuno, T., and Ohnishi, E. (1975). Conjugated ec-
dysone in the eggs of the silkworm Bombyx mori.
Dev. Growth Differ. 17(3), 219-225.

Sall, C., Tsoupras, G., Kapler, C., Lagueux, M.,
Zachary, D., Luu, B., and Hoffmann, J. A.
(1983). Fate of maternal conjugated ecdysteroids
during embryonic development in Locusta mig-
ratoria. J. Insect Physiol. 29(6), 491-507.

Spindler, K.-D., Keller, R., and O’Connor, J. D.
(1980). The role of ecdysteroids in the crustacean
molting cycle. In ‘‘Progress in Ecdysone Re-
search” (J. A. Hoffmann, ed.), pp. 247-280. El-
sevier/North-Holland, Amsterdam.

Tsoupras, G., Hetru, C., Luu, B., Lagueux, M., Con-
stantin, E., and Hoffmann, J. A. (1982a). The
major conjugates of ecdysteroids in young eggs

11

and in embryos of Locusta migratoria. Tetrahe-
dron Lett. 23(19), 2045-2048.

Tsoupras, G., Hetru, C., Luu, B., Muller, J. P, and
Hoffmann, J. A. (1982b). Conversion de la 20-hy-
droxyecdysone en 3-acetate-22-phosphate de 20-
hydroxyecdysone par des complexes tube di-
gestif—tubes de Malpighi in vitro. C.R. Acad.
Sci. (Paris) 296, 77-80.

Tsoupras, G., Luu, B., and Hoffman, J. A. (1983). A
cytokinin (isopentenyl-adenosyl-mononucleotide)
linked to ecdysone in newly laid eggs of Locusta
migratoria. Science 220, 507-509.

Wigglesworth, K. P., and Rees, H. H. (1983). Ecdy-
steroid titre and metabolism in adult females of
the tick, Boophilus microplus. Poster, Colloque
International du CNRS, Strasbourg.



	Metabolism 1.bmp
	Metabolism 2.bmp
	Metabolism 3.bmp
	Metabolism 4.bmp
	Metabolism 5.bmp
	Metabolism 6.bmp
	Metabolism 7.bmp
	Metabolism 8.bmp
	Metabolism 9.bmp
	Metabolism 10.bmp
	Metabolism 11.bmp

