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Immunochemical similarities among the hemolymph juvenile hormone binding proteins of moths
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Abstract. The hemolymph from various species of moths was analyzed for cross-reactivity with a panel of six
monoclonal antibodies made against the hemolymph juvenile hormone binding protein of Manduca sexta. With the
exception of one antibody, the immunoreactivity was limited to the sphingid family. One monoclonal antibody
cross-reacted with a number of lepidopteran species; however, families such as Noctuidae and Pyralidae, known to
have high affinity, low molecular weight juvenile hormone binding proteins, did not cross-react. Immunological
cross-reactivity with Manduca sexta juvenile hormone binding protein in several primitive moth families supports the
current model of phylogenetic relationships in the order Lepidoptera.
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hemolymph.

The juvenile hormones are a series of homologous acyclic
sesquiterpenoids central to growth, development and re-
production in insects. The lability and surface-active na-
ture of these molecules preclude transit when unbound,
thus dictating transport via hemolymph proteins from
the site of synthesis to the target tissue. Three classes of
hemolymph transport molecules have been reported:
high affinity, high molecular weight proteins; high affin-
ity, low molecular weight proteins; and low affinity, high
molecular weight proteins !.

The high affinity, low molecular weight juvenile hor-
mone binding proteins (JHBP) of the order Lepidoptera
have received considerable attention. More than 20 of
these molecules have been partially characterized %' 3, and
with the exception of the species from the subfamily Sat-
urniinae, the affinities and molecular weights of these
proteins are similar. The molecular weights range from
20 to 40 kD and have dissociation constants in the range
of 10”7 M. These similarities, in conjunction with a com-
mon ligand, suggest that the lepidopteran JHBP struc-
ture may have been partially if not fully conserved during
evolution. The recent development of a panel of mono-
clonal antibodies against the JHBP of Manduca sexta
makes it possible to establish immunological relation-
ships among the JHBPs of Lepidoptera.

Materials and methods

Superfamily classification follows that described by
Hodges*. Species identifications were confirmed by spe-
cialists.

Hemolymph was drawn from field-collected penultimate
or ultimate stage larvae, treated with glutathione to pre-
vent melanization and then stored at — 20 °C until need-
ed. In most cases hemolymph from more than one indi-
vidual was collected and pooled. Prior to analysis,
hemolymph samples were thawed and centrifuged to re-
move precipitated protein. Hemolymph samples (2.5 pl)
were prepared for polyacrylamide gel electrophoresis
(PAGE) and placed in alternate gel wells separated by
wells containing sample buffer only. Hemolymph from
Manduca sexta was placed in at least one well on every

gel and served as an internal standard. Hemolymph
proteins were separated by either sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE; 10%)°
or nondenaturing PAGE (10%)°. Proteins of known M,
were employed as markers on SDS-PAGE gels. Proteins
were transferred to nitrocellulose sheets (0.45 um; Bio-
Rad, Richmond, CA, USA)”’ and visualized with India
ink ®. Staining with India ink outlined lanes for excision
and provided a rapid assessment of the electrophoretic
separation. Gels showing poor separation or lanes out of
register were discarded. Lanes containing electrophoreti-
cally separated hemolymph were cut from the nitrocellu-
lose paper, divided longitudinally into 3 identical por-
tions and prepared for Western blot analysis. Western
blot analysis was carried out using a panel of previously
characterized monoclonal antibodies (MAbs)’. MAb-
protein complexes were localized using goat anti-mouse
IgG conjugated to horseradish peroxidase (KPL,
Gaithersburg, MD, USA) and the substrate 4-chloro-1-
naphthol (Sigma, St. Louis, MO, USA). The staining
process was quenched when background test strips began
to develop color. Proteins stained with India ink ap-
peared gray while JHBP bands appeared purple.
Enzyme immunoassay (EIA) was performed by spotting
hemolymph samples (2 pl) on a nitrocellulose sheet and
air drying for 10 min. The sheet was then treated with
MADb 57. MAb-protein complexes were localized using
goat anti-mouse IgG conjugate to horseradish peroxi-
dase (KPL) and the substrate o-phenylenediamine (Sig-
ma). Results were quantified by punching out spots,
placing them in wells of a microtiter plate, and analyzing
with an automated spectrophotometric plate reader. A
standard curve using hemolymph from Manduca sexta
(fourth stadium, early head capsule slippage stage) was
included on each plate. Values were corrected for back-
ground using control MADb.

Results

Use of MAbs, in contrast to polyclonal antibodies, re-
quires that the target epitope undergo minimal confor-
mational change during analysis since unfolding of the
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Species cross-reactivity with Manduca sexta anti-JTHBP MAbs. Hemolymph proteins (2 pl) were separated by SDS-PAGE, transferred to nitrocellulose
paper and stained with India ink to visualize the profile. The paper was then divided longitudinally into 3 identical strips and Western blotted with
anti-JHBP MAbs. Only those proteins with molecular weights between 20 and 40 kD were examined. Positive responses were detected visually. The
minimal detection limit for MAb § was 0.25 pl of fourth stadium, head capsule slippage stage Manduca sexta hemolymph.

Species

Monoclonal antibodies
1 2 4 5 8 9

Sphingoidea
Sphingidae

Sphinginae
Manduca sexta
Manduca quinquemaculata
Ceratomia amyntor
Pachysphinx modesta

Macroglossinae
Eumorpha pandorus
Hyles lineata

Bombycoidea
Saturniidae
Citheroniinae
Eacles imperialis
Saturniinae
Actias luna
Hyalophora cecropia
Lasiocampidae
Malacosoma americanum
Malacosoma disstria

Noctuoidea
Arctiidae
Pyrrharctia isabella
Euchaetes egle
Noctuidae
Heliothinae
Heliothis zea
Plusiinae
Trichoplusia ni
Pseudoplusia includens
Notodontidae
Macrurocampa marthesia
Lymantriidae
Lymantria dispar

Geometroidea
Geometridae
Ennomos magnaria

Pyraloidea
Pyralidae
Pyraustinae
Ostrinia nubilalis
Galleriinae
Galleria mellonella

Tortricoidea
Tortricidae
Cydia pomonella

Cossoidea
Cossidae
Prionoxystus robiniae

Sesioidea
Sesiidae
Synanthedon sp.

Yponomeutoidea
Plutellidae
Plutella xylostella

Gelechioidea
Oecophoridae
Depressaria pastinacella
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protein may disrupt the single antigenic determinant. As-
suming that native PAGE would subject putative JHBPs
to minimal conformational change, hemolymph samples
were first analyzed in this fashion. Although native
PAGE does not permit molecular weight estimates, it
identifies those proteins that cross-react with the various
MAbs. All species were then tested by SDS-PAGE with
identical results. To eliminate the possibility that elec-
trophoresis may have generated artifacts, hemolymph
from the various species was tested by EIA. Species pos-
itive by EIA (at least 3 times background) were also
positive by PAGE.

Since Manduca sexta is a member of the Sphingoidea,
particular emphasis was placed on examining species
from this group. MAD 5, which has the broadest degree
of cross-reactivity, identified JHBP-like epitopes within
the superfamily as well as in a number of other lepi-
dopteran species (table). On the other hand, MAbD 4 dis-
played a surprising degree of specificity, interacting with
JHBP from Manduca sexta only. As was true with species
outside the Sphingidae, the molecular weight of any
protein that cross-reacted with the MAb panel was simi-
lar to that of Manduca sexta (~ 30kD). Curiously,
hemolymph from one sphingid species in the
Macroglossinae, Eumorpha pandorus, did not cross-react
with any MAb.

The most closely related superfamily, Bombycoidea,
yielded surprising results. Although Hyalophora ce-
cropia, long known to utilize only high molecular weight
JH transport proteins, did not display cross-reactivity,
another saturniid in the Citheroniinae, Eacles imperialis,
proved positive. Representatives from the tent caterpil-
lars, Lasiocampidae, also displayed a cross-reacting
protein similar in molecular weight to Manduca sexta
JHBP. Indeed, with the exception of sphingid species,
Malacosoma americanum displayed the highest amount
of EIA activity of all the species tested.

Excluding the arctiid and lymantriid families, the Noc-
tuoidea displayed no cross-reactivity with anti-THBP.
Considering that hemolymph JHBPs characterized from
this group resemble that seen in Manduca sexta?, it was
surprising that no activity was recorded by PAGE or
EIA. The same negative pattern also appeared in the
Pyraloidea, another superfamily that displays JHBPs
similar to Manduca sexta®. We also tested a small num-
ber of species from groups that are thought to be the
most primitive members of Ditrysia. Although the pres-
ence of JHBP has yet to be confirmed by conventional
methods, hemolymph from several superfamilies cross-
reacted with MAb 5.

Discussion

Excluding the order Hemiptera, the juvenile hormones
are distributed throughout the class Insecta®. Corre-
spondingly, most species provide a specific hemolymph
transport mechanism for the hormones. In Lepidoptera,
transport is mediated by hemolymph proteins that are
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similar in molecular weight and affinity, prompting spec-
ulation that at least portions of the JH transporting
molecules have been conserved during evolution of the
ditrysian Lepidoptera. This study focused on whether
functionally similar proteins in this suborder display
common antigenic determinants. Precedence for such
conservation has been reported for another hemolymph
transport protein, lipophorin. In this study, polyclonal
antiserum to Manduca sexta lipophorin-Il displayed
cross-reactivity with insect species as evolutionarily dis-
tant as the roach, Periplaneta americana*®.

Detection of cross-reacting epitopes does not necessarily
confirm the presence of a JHBP since other proteins may
have identical epitopes that are not associated with the
transport molecule. This point is clearly illustrated in the
case of MAbs 8 and 9 that cross-react with both JHBP
and the blue biliverdin-linked protein, insecticyanin,
from the hemolymph of Manduca sexta’. Yet this prob-
lem is compensated for, in large measure, by the use of a
panel of MADbs that recognize distinctly different epi-
topes. This study, in conjunction with our initial find-
ings’, indicates that each of the MAbs used binds to
distinctly different epitopes. Lack of cross-reactivity with
6 distinctly different epitopes implies little or no im-
munorelationship and suggests that the JHBP must be
distinctly different from the JHBP of Manduca sexta.
Although there is some taxonomic confusion within the
order Lepidoptera, the present study generally confirms
the phylogeny based on morphological characteristics as
presented by Brock *? and reviewed by Common '3. On
the basis of morphological traits, it has been suggested
that Tineoidea represents the most primitive group in
Ditrysia. A tineoid-stock ancestor was thought to give
rise to the superfamilies, Yponomeutoidea, Gelechioidea
and Copromorphoidea. Although our studies were limit-
ed to a single species within each of the families Plutelli-
dae and Oecophoridae, the positive response recorded
suggests that the epitope if not the protein itself has been
conserved. Unfortunately no confirmatory binding stud-
ies have been reported to verify that these species have
hemolymph JHBP. The lack of response in the single
tortricid species was unexpected in light of the evolution-
ary scheme proposed by Brock 12; however, one species
presents a limited view of the entire superfamily.

Brock !2 further suggested that the Sesioidea, Pyraloidea,
and Cossoidea were derived from a common stem dis-
playing tortricoid-like characteristics. Our single species
from the Sesiodea, Synanthedon sp., failed to display
cross-reactivity. The proposed scheme also indicates a
‘vertical relationship’ between Pyralidae, Noctuidae and
Geometridae. Since many of the species in these groups
were previously shown to have high affinity, low molecu-
lar weight JHBPs, we hypothesized that cross-reactivity
between anti-Manduca JHBP and these species would be
prevalent. Surprisingly, only the arctiids and the ly-
mantriids of this group were immunopositive. The
hemolymph of the Gypsy moth, Lymantria dispar, con-
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tained a highly cross-reactive protein between 3338 kD.
JH-photoaffinity labelling has identified a binding
protein with the same mobility on SDS-PAGE 4. Given
the polyphyletic nature of the order!2, these proteins
may have arisen independently in several different ances-
tral lines. With the exception of certain arctiids and ly-
mantriids, it is clear that lines arising from pyraloid-like
ancestors do not have JHBPs that display immunocross-
reactivity with the Manduca sexta JHBP.

The relatively close phylogenetic relationship between
the superfamilies Sphingoidea and Bombycoidea sug-
gested some degree of cross-reactivity was to be expected.
Interestingly, Hyalophora cecropia and Actias luna, mem-
bers of the Saturniidae, do not display cross-reactivity
while another species in this family, Eacles imperialis,
does. It should be noted that the subfamily Citheroniinae
to which Eacles imperialis belongs has until recently been
considered a separate family 1. Strong immunopositive
responses were also observed for the lasiocampids, Mala-
cosoma americanum and Malacosoma disstris.

The cross-reactivity of the MAbs within the family Sph-
ingidae proved unexpected. The cross-reactivity of
MADb 4 did not extend to another member of the same
genus while several MAbs did not cross-react with mem-
bers in the same subfamily. Even more striking is the
cross-reactivity with the other sphingid subfamily,
Macroglossinae. In the case of Eumorpha pandorus, no
cross-reactivity was detected while in the case of Hyles
lineata, two MAbs cross-reacted with the JHBP.

In summary, the cross-reactivity of MAb 5 with super-
families as diverse as Gelechioidea and Sphingoidea indi-
cates that a region of between 5 to 22 amino acids!! has
been conserved in a hemolymph protein of 20—40 kD.
Whether this cross-reactivity represents a JHBP or mere-
ly an antigenic determinant in a functionally unrelated
protein is unknown. Given the importance of the JHBP
in hormone protection and transport, it is highly unlikely
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that normal development in any species would occur if
the protein were genetically deleted. Thus, the confirmed
absence of cross-reactivity in certain families indicates
that these groups have evolved distinctly different types
of JHBP.
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In vitro secretion of ecdysteroids by Y-organs of the crayfish, Procambarus clarkii
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Abstract. 1t was demonstrated that excised Y-organs of the crayfish, Procambarus clarkii, synthesize in vitro 3-dehy-
droecdysone (3-DHE) as the major product, together with small amounts of ecdysone. Both were identified by
immunological and spectroscopic methods. The increase of ecdysteroidogenesis in the Y-organs was accompanied by
an increase of the major free ecdysteroid, 20-hydroxyecdysone, in the hemolymph. This suggests a physiological role

of 3-DHE, the details of which are still to be elucidated.

Key words. Molting hormone; ecdysteroids; 3-dehydroecdysone; Y-organ; crayﬁsh.



