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that JH acts on the follicle cells through the activation of
protein kinase C. Incubation of follicles with PDBU,
which is known to activate protein kinase C1! 12, in-
creases the patency index (p > 0.001). This effect was
inhibited by the inclusion of ouabain in the medium
(p > 0.001). Thus, PDBU, like JH, appears to stimulate
patency via Na*, K " -ATPase. These facts taken together
suggest the following scheme for the action of JH on the
follicle cells of Rhodnius. JH binds to the receptor on the
membrane and initiates a series of events which stimulate
protein kinase C. This leads to the phosphorylation of
one or more membrane proteins, including, possibly, the
JH specific Na*, K *-ATPase, thereby increasing the ac-
tivity of that enzyme, leading to a reduction in volume of
the follicle cells and the appearance of spaces between
them. Experiments are currently under way to test this
hypothesis. A similar membrane protein mediated effect
of JH involving protein kinase C has been reported in the
male accessory gland of Drosophila 3.
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Relationship between the absolute configuration and the biological activity of juvenile hormone II1
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Summary. The activity of the pure 10R (= natural) and 10S enantiomers of juvenile hormone ITT (JH III) was
determined in 3 different bioassays, and the relative binding affinity of the 2 enantiomers to the haemolymph
JH-binding protein of the cockroach Nauphoeta cinerea was measured. In the Galleria wax test, a local morphogenetic
assay, the 10R enantiomer was 5240 times more active than the 10S enantiomer, 1 Galleria unit corresponding to
0.42 pg of 10R-JH III as compared to 2.2 ng for 10S-JH III. In a systemic morphogenetic assay with the cockroach
Nauphoeta cinerea 380 times less 10R enantiomer was necessary in order to induce detectable juvenilisation (58 ng
10R and 22 pg 10S) and in a systemic gonadotropic assay with Nauphoeta cinerea 255 times less 10R was needed to
induce vitellogenin synthesis in 50% of the insects (6.7 ng 10R and 1710 ng 10S). In the JH-binding protein assay
10R-JH III had an affinity for the JH-binding protein (lipophorin) which was approximately 46 times higher than
that of 10S-JH III.

Keywords. Juvenile hormone; natural enantiomer; juvenilising activity; vitellogenin induction; lipophorin; cock-
roach; Galleria.

Juvenile hormone III [methyl (2E,6E)-10,11-epoxy-
3,7,11-trimethyl 2,6-dodecadienoate, JH II1] plays a ma-
jor role in regulating development and reproduction in
many insect species. The absolute configuration of the
natural hormone has been established as 10R . Owing to
difficulties in preparing the 10R and 10S enantiomers in
a state of very high purity, their biological activity has
not yet been determined. Nevertheless, it has been shown
that the 10R enantiomer of JH III binds to haemolymph
binding proteins with higher affinity than the racemate in
Manduca sexta®, Locusta migratoria® and Leptinotarsa
decemlineata*, and to cytosolic and nuclear receptors of

the fat body in Leucophaea maderae®. In addition, in the
Galleria wax test a 12-fold higher activity was observed
for 10R-JH III than for 10S-JH III (both 92% pure) 2. A

‘method of synthesising the pure (& 100 % enantiomeric

excess) enantiomers of JH III has recently been devel-
oped® and we report here on their biological activity.
Using the waxmoth Galleria mellonella we carried out a
local morphogenetic assay (Galleria wax test), and, using
the cockroach Nauphoeta cinerea, a systemic morpho-
genetic (induction of juvenile characteristics) and a go-
nadotropic (induction of vitellogenin synthesis) assay.
Furthermore we present data on the affinity of the two
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enantiomers to the haemolymph JH binding protein of
Nauphoeta cinerea.

Materials and methods. Nauphoeta cinerea was reared at
26 °C and Galleria mellonella at 30 °C. The Galleria wax
test was carried out according to the method described 7;
25 or 50 pupae were treated with each dilution and 1
Galleria unit (G.U.) is defined as the amount of JH per
test insect which induces a positive response in 50 % of
the pupae treated. In order to measure the juvenilising
activity of 10R-JH III and 10S-JH III in Nauphoeta
cinerea the hormone was injected in 10 pl olive oil into
the abdomen of 14-day-old female last stadium larvae.
After the moult the juvenilising effect was quantified
according to a score system® which we modified by in-
cluding the evaluation of the abdominal pigmentation
(adult-like = O points; pale, spots visible = 1 point; dark,
spots barely visible = 2 points; larva-like = 3 points).
With this modified score system a perfect extra larva is
awarded 21 points: 6 points each are awarded for
forewings and hindwings and 3 points each for prono-
tum, head and abdomen.

In order to measure the activity of 10R-JH III and 10S-
JHIT in the induction of vitellogenin synthesis in
Nauphoeta cinerea, females were decapitated one day af-
ter adult ecdysis, i.e. before vitellogenesis sets in® and
injected with 10R-JH III or 10S-JH III dissolved in 10 pl
olive oil. Three days later haemolymph was collected as
described ® and analysed for the presence of vitellogenin
by using an Ouchterlony agar diffusion test and a vitel-
logenin-specific antibody t°.

Binding studies were carried out with a slightly modified
version of the polyethylene glycol (PEG) precipitation
assay described by Kovalick and Koeppe'!. When
analysing haemolymph of adult females fractionated on
a KBr gradient!? we found that only the fraction con-
taining lipophorin bound racemic JH III specifically
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(Lanzrein, unpublished results). In the present study we
measured the competition for binding [*H]-10R-JH 111
(purity > 95%, specific activity =~ 12 Ci/mmol, a gener-
ous gift from Dr G. Prestwich) to lipophorin by 10R-
JH III and 10S-JH III. The lipophorin was purified from
warm-bled haemolymph (bleeding method described in
reference 13) by KBr gradient centrifugation'?. The
assay was carried out as follows: 200ul TMK-
buffer (10 mM Tris, 5 mM MgCl, -6 H,0, 150 mM KCI,
pH 7.4) containing 14650 dpm [*H]-10R-JH III (~ 3
x 107° M), 3 x 10~* M PMSF (Fluka), 0.5 mg IgG (Sig-
ma, Cohn fraction II), 1.42 pg lipophorin and various
concentrations of unlabelled 10R-JH III or 10S-JH II1
were incubated for 30 min at room temperature. The JHs
were dissolved in ethanol for addition to the incubation
vials; the final ethanol concentration did not exceed 2%
(v/v). The JH-lipophorin complex was precipitated with
PEG (Fluka) as described !, and after centrifugation the
supernatant was discarded and the pellet dissolved in
100 ul NCS tissue solubiliser (Amersham). The radioac-
tivity was determined after 500 ul PPO/toluene had been
added.

Results. The biological activity of locally applied 10R-
JH I1I and 10S-JH 11T in the Galleria wax test is shown in
figure 1 and reveals a much higher level of activity for
10R-JH III (1 G.U. 0.42 pg) than for 10S-JH III
(1 G.U. = 2.2 ng). In a systemic morphogenetic assay
with Nauphoeta cinerea the 10R-JH III was also much
more effective in inducing juvenilisation than the 10S-
JHIII (fig. 2). For 1 larva point approximately 58 ng of
10R were sufficient as compared with approximately
22 ng for the 10S enantiomer. Detailed analysis (table)
showed that the degree of juvenilisation of pronotum,
head and abdomen increased steadily with increasing
concentrations of injected 10R-JH III up to almost
100% (2.7 to 2.9 out of 3 points), whereas for fore- and
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Figure 1. Dose-response curves for 10R-JH III (dots) and 10S-JH IIT
(triangles) in the Galleria wax test. Abscissa: dose applied per test pupa;
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ordinate: percentage with positive response. Number of determinations
given in parentheses.
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Figure 2. Dose-response curves for induction of juvenilisation in last
stadium larvae of Nauphoeta cinerea by 10R-JH 111 (dots) and 10S-JH 111
(triangles). Abscissa: dose injected per larva; ordinate: degree of juvenil-

isation in larva points. Data are means + SEM, number of larvae treated
is given in parentheses.

Juvenilising activity * of 10R and 10S-JH IIT injected into last stadium larvae of the cockroach Nauphoeta cinerea

Dose and enan- Forewings Hindwings Pronotum Head Abdomen Total n
tiomer of in-
Jjected JH III
Control (oil) 0 0 0 0 0 0 19
40 ng 10R 0.1+01 0.1+041 0 0.2+0.1 01+01 0.5+04 9
100 ng 10R 0.9+03 0.7+£0.2 0 03+0.1 03401 21106 18
400 ng 108 0 0 0 0 0 0 10
400 ng 10R 34403 314£03 13+£02 1.0+ 01 1.7+ 02 10.4 £ 0.7 21
1ug 108 0 0 0 0 0 0o . 10
1ug 10R 31402 33+01 28 4+0.1 27+01 29+01 14.8 +0.4 12
4 g 108 0 0 0 01401 0.1+0.1 02+041 12
40 pg 108 05+02 0.5+02 0 02101 01101 131205 5

* The degree of juvenilisation is given in larva points (see Materials and Methods); data are mean values + SEM.

hindwings the degree of juvenilisation remained constant
(approximately 55%, 3.1 to 3.4 points out of 6) for
400 ng and 1 pg 10R-JH IIL

The 10S enantiomer had only a very weak juvenilising
activity even when 40 ug were injected. The dose of 10S-
JH III necessary to induce 50% juvenilisation (10.5
points) could not be determined because we did not have
a sufficient quantity of this enantiomer available. In in-
ducing vitellogenin synthesis the 10R enantiomer was
also much more active than the 10S enantiomer (fig. 3).
In this assay a 50 % positive reaction was seen with ap-
proximately 6.7 ng 10R-JH III as compared with 1.7 pg
10S-JH III. A typical example of competitive displace-
ment of binding of [*H]-10R-JH III to lipophorin of
Nauphoeta by unlabelled 10R-JH III and 10S-JH III is
shown in figure 4. The curves show that 10S-JH III can

compete for binding of [*H]-10R-JH II1, although less
efficiently than 10R-JH III; to reduce binding of [*H]-
10R-JHIII (3x1072M) to 50%, approximately 46
times more 10S-JH III (1.6 x 10~ M) than 10R-JH III
(3.5 x 108 M) was necessary.

Discussion. The results in figures 1-3 show that the 10R
(= natural) enantiomer of JH III was much more active
than the 10S enantiomer in all three bioassays; this indi-
cates enantioselectivity of the JHIII receptors in the
target tissues. In the Galleria wax test (fig. 1), where the
JH was applied locally, the difference in level of activity
of the two enantiomers was most pronounced: 5240
times more 10S-JH III than 10R-JH III was needed to
induce a 50% positive response. We also observed a
qualitative difference in the effect of the two enan-
tiomers: 10R-JH III induced the formation of a typical
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Figure 3. Dose-response curves for induction of vitellogenin synthesis in
decapitated adult females of Nauphoeta cinerea by 10R-JH III (dots) and
10S-JH II1 (triangles). Abscissa: dose injected per female; ordinate: per-
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centage of vitellogenin-positive females. Data are means + SEM, number
of females treated is given in parentheses.
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Figure 4. Competitive displacement of [*HJ-10R-JH III (3x 107° M)
from the lipophorin of Nauphoeta cinerea by 10R-JH 111 (dots) and 10S-

rough, bumpy pupal cuticle, whereas the application of
108-JH III gave rise to smoother, scar-like markings. In
comparison Schooley et al.? reported only a 12-fold
higher level of activity for the 10R enantiomer of JH 11
in the Galleria wax test, but the 10S-JH I1I they used was
contaminated with 8% 10R-JH III. Likewise, using the
10R and 10S enantiomers of JH I, Meyer et al.'* found
only a 10-fold higher level of activity for 10R-JH 1, and
in their case the substance tested was contaminated with
4-10% 10R. In Galleria JH 1, I and III have been found,
JH 11 being predominant !,

In the two systemic bioassays with Nauphoeta cinerea
(figs 2 and 3; table), an insect in which only JH I has
been found *®, the difference in the level of activity be-
tween the 2 enantiomers was less pronounced than in the
Galleria wax test. We suppose that the difference in activ-
ity levels between the 10R and 10S enantiomers is smaller
in the systemic assays than in the local Galleria assay

JH 111 (triangles). 100 %-bound represents binding of [*H]-10R-JH 111 in
the absence of a competitor.

because in the former the injected hormones are subject
to degradation and the 10R enantiomer of JH IIl was
seen to be degraded more rapidly than racemic JH 1II in
Nauphoeta cinerea (Meyer and Lanzrein, submitted). In
order to induce slight juvenilisation (1 point) 380 times
less 10R-JH I1I than 10S-JH I (58 ng and 22 pg, respec-
tively) had to be injected (fig. 2), and in order to induce
vitellogenin synthesis in 50% of the injected females
255 times less 10R-JH II1 than 10S-JH III (6.7 ng and
1710 ng, respectively) had to be injected (fig. 3). With
regard to the absolute quantities necessary to induce ju-
venilisation and vitellogenin synthesis, a dose of 400 ng
10R-JH 111 was necessary to obtain a degree of 50%
juvenilisation, whereas a dose of only 6.7 ng was suffi-
clent to induce vitellogenin synthesis in 50 % of the inject-
ed females. A similar difference was observed in earlier
studies when racemic JH III was injected, namely 3 pg
for 50 % juvenilisation and 18 ng for induction of vitel-
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logenin synthesis in 50% of the injected females®. We
attribute this to the fact that induction of juvenilisation
is a long-term effect, in which the different larval target
tissues have their own stage-specific sensitivity to JH
(table, and Lanzrein ®) and respond to different threshold
doses of JH ¢, whereas induction of vitellogenin synthesis
is rather a short-term effect.

The endogenous titre of JH III is similar in penultimate
stadium larvae and in young adult females at the time
when the vitellogenin titre increases, namely 2—10 ng/
ml*® and 0.2-4.0 ng/ml'7, respectively. As JH injected
in olive oil diffuses only slowly into the haemolymph,
and as it is also subject to degradation, the concentration
of injected JH in the haemolymph is difficult to estimate.
Nevertheless, from the observations that around 1% of
injected JH circulates (Lanzrein®, and unpublished ob-
servations) and that the haemolymph volume in adult
females is approximately 200 pl (Meyer, unpublished ob-
servations), it can be calculated that injection of 6.7 ng
10R-JH 11T (dose necessary to induce vitellogenin synthe-
sis in 50 % of the insects, fig. 3) leads to a titre of around
0.3 ng/ml exogenous JH III, corresponding to that of
endogenous JH IIT in young adult females'”- 18,

In the binding assay with lipophorin we observed that the
10S enantiomer competed for binding of [*H]-10R-TH ITI
but that 46 times more unlabelled 10S-JH III than 10R-
JH III was necessary to reduce binding of [*H]-10R-
JHIII to 50% (fig. 4). In comparison Schooley et al.?,
using a 10S-JH III preparation contaminated with 8 %
10R, reported a 14-fold higher affinity of 10R-JH III
than of 10S-JHIII to the haemolymph JH binding
protein of Manduca sexta. Prestwich et al. *°, using enan-
tiomerically enriched (> 95% e.e.) 10R-JH I and II and
10S-JH I and JH II, reported up to 10 times higher affin-
ity of the haemolymph JH-binding protein in 4 lepi-
dopterous species for the natural enantiomer. A lower
affinity of the 10S-JH IIT than the 10R-JH III enan-
tiomer for the haemolymph JH-binding protein has also
been reported for Leptinotarsa decemlineata and Locusta
migratoria*; in this study a 10S preparation containing
8% 10R was used. It should be mentioned that in all
these binding studies except ours racemic [*H]-JH was
used as the radiolabelled ligand.

In conclusion, our data show that 10S-JH III, which for
the first time could be tested at 100 % purity, binds to the
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haemolymph JH-binding protein, although with lower
affinity than 10R-JH 111, and that 10S-JH III can induce
Juvenilisation and vitellogenin synthesis when applied in
high quantities. These observations, together with the
finding that the cytosol and nuclear JH receptor of the fat
body in Leucophaea maderae bound 10R-JH III with
about 1.5 times higher affinity than the racemate?, indi-
cate that haemolymph JH-binding proteins and receptors
in target tissues both display a degree of enantioselectiv-

ity.
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