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ABSTRACT When crustacean hepatopancreas is incu-
bated in the presence of a-[3Hlecdysone of high specific
activity and is then homogenized and centrifuged, a peak
of protein-radioactivity is recovered after gel filtration of
the 105,000 X g supernatant. Analysis of this peak by su-
crose gradient centrifugation revealed the presence of two
complexes of protein and labeled material (-11.5 S and
6.35 S). The same results were obtained in vivo. On stand-
ing at low ionic strength, the lighter component disap-
peared, suggesting that the heavier component is an aggre-
gate of the lighter one. Chemical analysis of radioactive ma-
terial in the complex revealed that it is not a- or j3-ecdysone
nor any previously described metabolite of the ecdysones.
This new metabolite of a-ecdysone is found mainly in the
incubated hepatopancreas. Partial structures consistent
with the analytical data are inferred for this metabolite.
It is suggested that the metabolite may be active in the
action of molting hormone.

Although highly significant advances regarding the chemical
nature of arthropod growth hormones have occurred in recent
years (1, 2), we do not yet fully understand how these mole-
cules elicit their effects. This lack of understanding is due in
part to a paucity of information regarding the primary step in
hormone action, i.e., the means by which the hormone recog-
nizes the target tissue (or the converse) and is "bound" to
cell constituents. The existence of proteins that bind steroid
hormones is an established fact in several mammalian sys-
tems (3, 4), and progress in that field is due in great part to
the synthesis of labeled hormones of high specific activity.
The synthesis of tritiated a-ecdysone of high specific activity
(5) provided the critical tool for studies on the binding of
molting hormone to arthropod target systems. We now know
that a-ecdysone is rapidly converted to ,3-ecdysone (ecdy-
sterone, 20-hydroxyecdysone, crustecdysone) by insects and
crustaceans (6, 7), and it is believed that j3-ecdysone is the
molting hormone of crustaceans (8-11). The present study
examines the possibility of hormone-binding macromolecules
in the crayfish hepatopancreas, an organ analogous to the
vertebrate liver and the insect fat body.

MATERIALS AND METHODS

The a-[23,24-8H]ecdysone was synthesized by catalytic
tritiation of 2,,3(3,14a,22,,25-pentahydroxy-5(3-cholest-7-en-
23-yn-6-one (5). Male crayfish (Orconectes virilis) were
cooled on ice for 30 min, and the hepatopancreas was re-
moved. The hepatopancreas was rinsed in crayfish saline (12)

and incubated at 250 in 3 ml of saline containing [8H]ecdysone
(see figure legends for quantities). After incubation, the tissue
was rinsed twice in cold 0.1 M phosphate buffer (pH 7.3) and
homogenized in buffer in a ground glass homogenizer at 4°.
After centrifugation of the homogenate at 105,000 X g for 1.5
hr at 40, the supernatant was concentrated with lyphogel and
aliquots of the concentrated supernatant were assayed for
protein (13) and radioactivity (Packard Tri-carb scintillation
spectrometer, model 3375) in ethyl alcohol-toluene [2,5 di-
phenyloxazole (PPO), 5 g/l; 1,4-bis-2-(4-methyl-5-phenoxa-
zolyl)-benzene (POPOP), 0.1 g/l] scintillation mixture.
The hepatopancreas is rich in lipid (14, 15), which ne-

cessitated partial purification of the 105,000 X g supernatant
by gel filtration. Sephadex G-200 was swollen in water at
room temperature, and the column (24 X 2 cm) was packed
and equilibrated with 0.1 M phosphate buffer (pH 7.3) at 4°.
The concentrated supernatant (1 ml) was layered on the
column, eluted with buffer (flow rate, 10 ml/hr), and 2.5-ml
fractions were collected. After aliquots of individual fractions
were assayed for protein content and radioactivity, individual
fractions and pooled fractions were subjected to sucrose den-
sity gradient centrifugation.
Column fractions were concentrated with lyphogel and

layered on 5-nl discontinuous linear gradients of 5-20%
sucrose in 0.1 M phosphate buffer (pH 7.3) and 0.0015 M
EDTA, and then centrifuged for 5 or 6 hr at 258,000 X g
(40) in a Spinco L2-65B preparative ultracentrifuge with an
SW-65 K rotor. The centrifuge tubes were then punctured,
and 10-drop (0.27 ml) fractions were collected and radio-
assayed. Approximate sedimentation coefficients were deter-
mined (16) with beef liver catalase (EC 1.11.1.6; molecular
weight, 250,000; 11.3 S) and yeast alcohol dehydrogenase
(EC 1.1.1.1; molecular weight, 150,000; 7.4 S) as stan-
dards.

RESULTS
Characterization of binding proteins
Fig. 1 reveals that when hepatopancreas is incubated in the
presence of [3H]ecdysone, homogenized, centrifuged, and the
supernatant subjected to gel filtration, a peak of radioactivity
(fractions 5-7) accompanies the protein initially eluted from
the column although the bulk of radioactivity is not asso-

ciated with protein. When fractions 5-7 are individually ana-

lyzed by sucrose gradient centrifugation, each fraction pos-
sesses radioactivity (Fig. 2). The peak of radioactivity from
fraction 5 (Fig. 2A) corresponds to the heavier sedimenting
peak of fraction 6 (Fig. 2B) and persists as a slight shoulder in

812

* Present address: The Ben May Laboratory for Cancer Re-
search, University of Chicago, Chicago, Ill. 60637.
t To whom reprint requests should be sent.



Binding Proteins for an Ecdysone Metabolite 813

2~~~~~~~
IL

0. ~ ~ 9

CP

o 5 lo 15 20
Fraction Number

FIG. 1. Elution pattern from Sephadex G-200 of 1 ml concen-
trated 105,000 X g supernatant from three hepatopancreases
after 5-hr incubation in crayfish saline containing [3H]ecdy-
sone (30 IACi/ml). *, mg protein; O. cpm.

fraction 7 (Fig. 2C). These data show that the 3H-label is
complexed to two macromolecules (or aggregates of one
macromolecule) in the hepatopancreas and that these macro-
molecules are separable by gel filtration and sucrose gradient
centrifugation.
Although the elution pattern (Fig. 1) demonstrates a rela-

tively large quantity of protein beyond the initial radio-
activity peak and. a slight rise in radioactivity at fractions
10-12, sucrose gradient analysis of these fractions showed no
evidence for a label-macromolecular complex.
For determination of the size of the complexes, Sephadex

column chromatography was again conducted on the 105,000
Xgsupernatant from hepatopancreas previously incubated

with [3H ]ecdysone, and fractions 5-7 were subjected to
sucrose gradient centrifugation along with the catalase and
alcohol dehydrogenase markers. The results (Fig. 3) show the
heavier radioactive peak to be about 11.3 S (molecular weight
about 250,000) while the lighter peak is about 6.35 S (molec-
ular weight about 130,000). Since the protein estrogen receptor
of the rat uterus appears to be composed of lighter subunits
that tend to aggregate on standing at low ionic strengths (17),
we investigated the same possibility in the crayfish system. Fig.
4 reveals that when the 105,000 X g supernatant is allowed to
stand for several days, the lighter component disappears, sug-
gesting that the heavier component is an aggregate of the
lighter one.
Thus far, the evidence suggests the presence of an ecdy-

sone receptor~s) in the crayfish hepatopancreas, but it is
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Sephadex fractions 5(A ), 6(B), and 7(C) obtained in Fig. 1
after centrifugation for 5 hr.
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FIG. 3. Sucrose gradient analysis of 0.4-ml aliquots from
Sephadex fractions 5, 6, and 7 (combined and concentrated)
containing catalase and alcohol dehydrogenase markers assayed
as described (16). Samples were centrifuged for 6 hr. 0, cpm;
A, catalase; A, alcohol dehydrogenase.

based on the assumption that the radioactivity associated
with the protein fractions represents unaltered ecdysone. To
determine the validity of this assumption, we investigated
the chemical nature of the radioactive material bound to the
hepatopancreas proteins.

Preliminary characterization of radioactive material

We next examined the nature of the radioactivity from frac-
tions 5, 6, and 7 (Fig. 1) to verify that both macromolecular
fractions contained the same label and to analyze the chem-
ical nature of the bound label. An aliquot (10,000 cpm) of
pooled fractions 5-7 from a similar Sephadex G-200 elution
was added to a solution of 2.5 ml of n-butyl alcohol containing
unlabeled a-ecdysone (1.67 mg), #-ecdysone (2.00 mg), and
ponasterone A (1.23 mg). After thorough shaking to break the
protein complex, the n-butyl alcohol phase was removed and
evaporated (at 100 in high vacuum) and its content was ap-
plied to a preparative silica gel GF (Merck) chromatoplate.
Development in 8% methanol-chloroform cleanly resolved
the unlabeled carriers (seen under UV irradiation), and radio-
scanning located the radioactivity in one narrow band (R, =
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FIG. 4. Sucrose gradient analysis of radioactive protein frac-

tions (cpm were corrected to dpm) from Sephadex G-200 elution
of 1 ml concentrated 105,000 X g supernatant. Four hepato-
pancreases were incubated for 5 hr in 3 ml of crayfish saline
with [3H]ecdysone (1 /ACi/ml) and kept at 40 for 8 days before
column chromatography. The samples were centrifuged with
catalase and alcohol dehydrogenase as markers for 6 hr. 0, dpm;
A, catalase; A, alcohol dehydrogenase.
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FIG. 5. Radiochromatogram of n-butyl alcohol extracts of
homogenates prepared from crayfish hepatopancreas after each
hepatopancreas was incubated for 5 hr- in 2 ml crayfish saline
containing 0.5 uCi [3Hlecdysone. Extraction and thin-layer
chromatography are as described in the text. 0, origin; 1, polar
metabolite; 2, probably ,-ecdysone; 3, a-ecdysone; 4, metabolite
that binds to hepatopancreatic proteins; S, solvent front.

1.65 relative to a-ecdysone in 25% ethanol-chloroform on

0.25-mm silica HF plates) moving slightly ahead of pon-

asterone A. Clearly, the radioactivity is not associated with
a- or f3-ecdysone, nor is the labeled compound identical with
ponasterone A, 25-deoxyecdysone, 14-deoxyecdysone, 22-
deoxyecdysone, inokosterone, or 7,8-dihydro-a-ecdysone, but
appears to be a previously unidentified, less-polar metabolite.
Several incubations of crayfish hepatopancreas tissues with
fresh highly-purified a-[3H]ecdysone gave a consistent pic-
ture of clean conversion (Fig. 5) into the same less-polar
metabolite, which was always found predominantly in the
tissue (46-58%) with some highly polar material (6-8%), the
remaining label being unchanged a-ecdysone (20-40%) found
both in the tissue and the medium. Verification of this con-

version to the same metabolite (56% in 5 hr) by the hepato-
pancreas of another crustacean species (Procambarus clarki)
was made with the same incubation procedure (King, D. S.,
personal communication).
The radioactive metabolite showed several properties that

clearly distinguish it from the common ecdysones and the
phytoecdysones (2), which for the most part possess the acid-
labile 14-a-hydroxy 7,8-dehydro-6-ketone system. With the
minute quantities of metabolite available, only limited chem-
ical analysis could be conducted, and the results are sum-

marized below.
(A) Treatment with 0.05 N aqueous methanolic hydro-

chloric acid leaves the metabolite unchanged, but unlabeled a-

ecdysone is simultaneously dehydrated in the same reaction
solution.

(B) 0.01 M Aqueous sodium metaperiodate cleanly and
quickly cleaves the metabolite to a single radioactive spot
(thin-layer chromatography), indicating a vicinal glycol or a-

hydroxy-ketone system. The product is neither 4-hydroxy4-
methyl pentanal nor a,a-dimethyl butyrolactone, which
would have arisen from j3- [3H ]ecdysone or from a 20-hydroxy-
22-ketone system. The cleavage product undergoes facile
acetylation (acetic anhydride/pyridine at 200), indicating a

primary or secondary hydroxyl in addition to the vicinal
glycol or a-hydroxyketone above.

(C) The metabolite forms an acetonide (acetone/phos-
phomolybdic acid catalysis), which, on further reaction with
cold acetic anhydride/pyridine, forms a single acetate. The
acetonide is not cleaved by 0.01 M sodium metaperiodate, in-
dicating that the metabolite probably has only one vicinal
glycol grouping.

(D) The metabolite fails to react with selenium dioxide in
warm (65°) dioxane and, hence, is neither 14-deoxyecdysone
nor a A8I(4)-6-keto steroid.

(E) The metabolite reacts readily with lithium aluminum
hydride or tri-t-butoxy lithium aluminum hydride in cold
(20°) tetrahydrofuran to produce new, more polar products,
indicating at least one reducible (carbonyl) group.

(F) The metabolite is neither acidic nor basic and contains
no highly polar group(s), such as a sulfate linkage.
On the basis of these observations and in the absence of any

classical spectra that would require considerably larger
quantities of material, we conclude that the metabolite very
probably retains the skeletal carbon atoms and the hydrox-
ylated side chain of a-ecdysone but possesses a radically
different pattern of nuclear functionalization. Two possible
partial structures consistent with these data require either a
13,14-seco-14-keto system or an 18-nor-14#3-methyl steroid.

DISCUSSION

The data clearly indicate that when crayfish hepatopancreas
is incubated in the presence of a-[3H ]ecdysone, the 105,000 X
g supernatant yields two macromolecules (or aggregates of a
single macromolecule) that show affinity for the labeled
metabolite of ecdysone not demonstrated by the remainder of
the hepatopancreatic protein fractions eluted from a Seph-
adex column. The results suggest that both macromolecules
are protein and that a possible subunit-aggregate relationship
exists between the two. It should be noted that the same re-
sults were obtained when intact animals were injected with
[3H ]ecdysone and the hepatopancreas subsequently removed,
fractionated, and analyzed. This strongly suggests that neither
the binding nor metabolite conversion is an artifact of the in
vitro procedures used in the majority of experiments.
Recent data suggest that a-ecdysone binds to one or more

hemolymph (blood) proteins in the bug Pyrrhocoris apterus
(18), although this does not appear to take place in silkworm
hemolymph (19). It was reported that a-ecdysone is revers-
ibly bound to three hemolymph proteins in Drosophila hydei
and that it forms a macromolecular complex of molecular
weight about 65,000 in the cytoplasm of the salivary glands
(20). No chemical studies were reported on the nature of the
radioactive material associated with the protein although the
Rr of the bound material appeared to be similar to that of a-
ecdysone on the basis of thin-layer chromatography.
The existence and characteristics of the crustacean binding

proteins are similar to the estrogen-binding proteins of the rat
uterus (3, 4, 17) although the crustacean proteins are larger
molecules. The major difference is that the radioactivity
associated with the proteins of the crustacean hepatopancreas
is neither a- nor ,3-ecdysone but a steroid metabolite not pre-
viously reported, while authentic 17-0-estradiol is bound to
proteins of the rat uterus. Although the possible significance
of this metabolite will be discussed below, a precedent exists in
vertebrates for analogous hormone modification, since tes-
tosterone is converted to an active metabolite, 5a-dihydro-
testosterone, in its target tissues. It has been postulated that
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the active androgen may be dihydrotestosterone and that this
is the material that binds to target cell constituents (21, 22).

It is of interest that similar binding patterns have been
found in crustacean epidermis, which is a target tissue for the
molting hormone(s), but not in muscle (unpublished infor-
mation). The crayfish hepatopancreas responds to exogenous
j-ecdysone by increased RNA and protein synthesis (23) and
exhibits fluctuations in protein synthesis (24) and lipid
metabolism (14, 15) during the normal molt cycle that are
presumably due to changing titers of endogenous molting
hormone.
One can only speculate on the physiological significance of

the metabolite since we do not yet have enough material for
bioassay. It may be that the conversion product is an active
material responsible for certain phenomena attributed to the
molting hormone and that a-ecdysone is a hormone precursor.
Ecdysone may enter all tissues (7, 25) but hormonal effects
may be elicited in only those tissues that have the enzyme(s)
necessary for converting a-ecdysone to "active" metabolites.
On the other hand, the metabolite may be a degradation
product of the hormone, although it would be unusual for such
a product to be specifically bound.

Finally, the binding protein-metabolite complex may act
to stimulate RNA polymerase, as has been recently shown for
the estradiol-binding protein complex (26).
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