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The corpora allata (CA) oﬁiﬂgalophora cecropia’larvae produce two juvenile hormones
(JH), JH-I and JH~IX, and‘Baintain a stage specific titre of these two hormones.

uring metamorphosis, the CA of males apparently lose the ability to synthesize JH.

The adult CA produce instead the corresponding epoxyacids which are converted to JH

n the accessory sex glands (ASG) by a specific methyltransferase. The methyl-
ransferase is first detectable between days 15 and 16 of adult developwent. This
oincides with the period when ASG have becowe competent to methylate in vivo in-
jected JH-I-acid and JH-TI-acid and to accumulate the corresponding JH. During mating,
he aceumulated JH is transferred along with other seminal material to the bursa co~
ulatrix of the female. . ; )

Both male and female adulr Cecropia CA produce JH-acids in vitro but the amounts
ecreted by the male are two orders of magnitude greater. The concentrations of
H-acids in CA extracts differ in a similar manner., However, homogenates of female
C4 contain substantlal methyltransferase activity (as for example do CA of adult
Manduca sexta) unlike male CA which show only marginal activity. Whether or not the
emale CA secrete JH and/or JH-acid in vivo is mot clear. In the presence of
ompetent ASG, co-cultured with CA in vitro, the secreted JH-acids are transformed
nto JH. The prefered substrate for the methylating enzyme in the ASG is (10R,118)~
H-I-acid, and to a lesser extent (10R,11§8)-JH-II-ascid. The enzyme strongly dis-
riminates against JH-III-acid. 'The substantially higher biosynthetic capacity of
male CA coupled with the unique ability of the ASG to methylate and storve JH accounts
or the more than two orders of magnitude higher JH content in the male as opposed
o the female. The sexually dimorphic secratory activity of the corpora allata was
ound to be independent of the internal miliesu during the course of metamorphosis.

One of the early experimental methods for determination of JH activity has been
ermination of pupal diapause in Cecropia by implamtation of active CA or injection
£ juvenile hormocme preparations. = JH-I-scid also causes initiation of development
in debrained, allatectomized diapausing pupae that results in formation of pupal-adult
ntermediates. Our data sugges® that JH~acid has both prothoracicotropic and morpho-
enetic properties in Cecropia pupae. '
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The study of juvenile hormones (JH) has a history extending over more than twenty
years beginning with the observation of Williams (1956) that the male Cecropia moth
is a rich source of JH. In spite of notewsrthy contributions from many investigators
during the intervening years the theme is still not exhausted and occasionally yields
unexpected and quite remarksble results. Williams (1963) and also Schneiderman and
Gilbert (1964) had shown that without corpora allata (CA) no JH is formed in the male,
and since the CA themselves, upon implantacion in receptive hosts, exerted high juvenile
hormone activity, there were no reasons to doubt that JH is synthesized and released
by the male CA. However, our recent findings that JH in male Cecropia was labeled
with [methyl-’"C)-methionine even in absence of the CA led to a search for the gpeci~
fic tissues wﬁich store JH. The discovery that the JH of adult male Cecropia moths
is almost entirely accumulated in their accessory sex glands (ASG) (Shirk et al., 1976)
made it necessary to re-evaluate the roles of both the CA and the ASG in the accumulation
of JH. 1In this review we will discuss the biosynthetic capabilities of these two organs,
the way in which they are distinguished from those of related species, the contributions
of the CA and the ASG for the formation and accumulation of JH in the male Cecrbpia
moth, and finally the possible functional significance of this unique saturniid JH

system.

Relative Concentration and Identity of Juvenile Hormones

Biological assays have been the basis for estimation of JH concentration, most
noteworthy the Galleria wax test either in its original form (Schneiderman et al.,
1965), or in the modified version by DeWilde et al. (1968). Table 1 shows relative

JH activities in developmental stages of Hyalophora cecropia. The standard for

activity here used is the Cecropia Umit (CU) which is the activity of 1 mg of a
standard Cecropia extract; later it was estimated to correspond to about 3 ng JH-I
(or JH~II) (Meyer et al., 1970). 1In the developing male JH became detectable two days
bafore emergence and reached after 7 days a total amount of 0.6 ug/animal. This value
is in good agreement with our data. We often have isolated from adult males betwsen
0.5 and 2 yg JH-I (occasiomally more than ld'ug). JH concentrations in mature and
immature stages are best compared on the basis of fresh weight: male adults 1 ug JH
per 2; eﬁgs and newly hatched larvae 20.ng/g; and 5th instar larvae and diapausing
pupae aboiut one tenth of that concentration. The observation that eggs from allatec-
tomized females had no detectable JH (with the implicatiom that JH in eggs 1s derived
from female CA) should be reinvestigated with modern chemical methods of JH detection.
Bloassays in our laboratories were concerned with the hormone titers in hemo~
lywmph of 3rd, 4th, and 5th instar larvae (Table 2) (Meyer and Liischer, 1973). 1If the
response in the wax test 1is elicited primarily by JH-I or JH-II (JH~O and JH-III have

much lower specific activities) one may expect to find in hemolymph of earlier instars



ABLE 1. RELATIVE JUVENILE HORMONE CONCENTRATIONS IN VARIOUS LIFE STAGES OF
YALOPHORA CECROPIA
e AT CACT AT | e Ay

1

CU/animal® Cl/g fresh weight
fertilized eggs 0.04
fertilized eggs from allatectomized females 0
at instar larvae (newly hatched) 0.03
th instar larvae 4 0.6
fapausing pupae ‘ 6 1
;1led pupae to 17 day-old developing adults o] 0
0 day-old developing males 25 14
day-old newly emerged males 120 200
day-cld adult males 180 420

om Gilbert and Schneiderman, 1961. a) One Ceecropia Unit (CU) is estimated to be
ivalent to 3 ng JH~I or JH~II.

LE 2. JH-ACTIVITY IN HEMOLYMPH EXTRACTS OF CECROPIA LARVAE

rd instar, 0~1 day=-0ld <906 5th instar, 0-4 day-old 2.5
2-3 day-old 1800 5-8 day-old 4.4
4-5 day=-cld 960 9-13 day old 0.8
th instar, . 0-1 day-old 180
2-3 day-old 380
5-6 day~old 92

From Meyer and Lischer, 1973. Results in Galleria Units (GU) per g Hemolymph.
1:6GY is equivalent to 0.7~2 pg (*)~-JH~I (or JH-II).

g amounts of JH, which is comparable to concentrations determined in hemolymph of

th instar Manduca gexta larvae by analytical chemfcal methods (Peter et al., 1976,
¢hooley et al., 1976). The JH concentration throughout the 5th instar appeared to

& lower (Table 2) than peak values in early 5th instar M. sexta (see alsc Fain and
:ddiford, 1975). First information about the nature of the JH of H. cecropia larvae
wes from crgan cultures of CA from 4th dinstar larvae. Under the stimulatory in-
Inence of mevalonate and homowevalonate in the culture medium JH-II and JH-I wers
:Qduced in the ratio of 4»1 (Dahm et al., 1976). Analyzing haemolymph from various

cages of Samia cynthia, a saturniid moth which has a similar peculiar JH system as
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H. cecropia, Schooley et al., (1976) found in &4th instar larvae 80, 820 and 160 pg/ml
JH-T, JH-II ‘and JH-ILL, respectively, and <10, 120 and 30 pg/ml in 5th instar larvae.
With our own =nalytical method we determined in a sample of early 4th instar
larvae hemolymph of Cecropia 17 pg/ml JH-II (in view of the bicassay data an unexpected-
ly low value, JH-I and JH-III were in this experiment below the detection limit of
about 3 pg/ml). In total body extracts from animals of the same stage and age
15 pg/eq. JH~I and 32 pg/eq JH-II were found., The identificationm is quite reliable
since in the final chromatographic analysis background peaks with retention times
similar to JH-derivatives were not in evidence (Fig. 1). The quantity of lipid extract
from this experiment (1.12g from 56 larvae) corresponds well with data compiled by
Gilbert and Schneiderman (1961). However, the value for concentrations of JH dater-
mined in the various samples by analytical mechods and by bicassay are quite disparate

which indicates clearly the need

for an improved quantitative method

of JH analysis.

In recent experiments with

CA cultures of Cecropia male and

female 5th instar larvae we found
53 Y no difference between the sexes

and ~ without mevalonate/homomeva-

lonate stimulation - again JH-II
was the major product besides some
JH~-I. . In preparations from
Cecropia larvae we have not detect-
ed JH~IIT which makes the rather
high concentration of JH-III in

f T ¥ . v
0 4 8 12
min
Fig. 1. GLC (ECD): JH-II derivative from puzzling.
total body extracts of 4th larval instar The identification of JH in

H. cecropia.

8. cynthia larvae mentioned above
(Schooley et al., 1976) rather

larval stages of H. cecropia has
yielded no unusual results. HNext
let us examine the situarion im the adult moths. Males comtain ug amounts of JH;
JH-I and JH-II approzimately in the racie of 4:1 and, as most recently shown (Bergot
et al., 1980), accompanied by about 1% JH-0 (Fig. 2). Sometimes traces of JH-III are
found, particularly in in vitro experiments, but this hormone has not been identified
unambigously as a componént of the natural JH of Cecropia. Following the discovery
of JE-II, we isvlated the JH active principle from lipid extracts of male §. cynthia,
a close relativé of Cecropia, carefully monitoring each purification step with both
the Tenebrio assay and the Galleria wax test, and found no indication for an active

substance cther tham JH-I and JH-II (R%ller and Dahm, 1974). The dimorphism in some



187
urnlid moths with regard to JH content has been known since Williams' work (1961).
“ez, quantification and identification of JH from whole body extracts of saturniid

is. has encountered some technical problems which are worth noting. Gilbert and
eiderman (1961) had reported difficulties with extracts of female Cecropia. Waxy
icles in the oily extract caused toxic effects in the standard injection test with

led pupae of Antheraea or Callosamia. The particles could be removed by seddi-

ation. We find test results from crude extracts of low specific activity quite
1iable. It should be noted that female moths contain much less 1lipid than males.
‘differences in JH activity between males and females are obvious when expressed

ither units/g extract or units/amimal equivalent (Table 3, columms 2 and 3). However,
after simple purifications which removes the bulk of lipids the real quantitative

erence in adult Cecropia becomes apparent (Table 3, column 1). Analysis of adult

E 3. RELATIVE JUVENILE BORMONE CONCENTRATIONS IN EXTRACTS OF ADULT SATURNIDAE

XIOOO'GU/animala) CU/animalb) Cu/g extract?
ophora cecropia, males 200 180 1000
: females 0.5 17 125
3 cynthis, males 180 45 670
females 5 6 250
thschildia orizaba,  males 1 30 335
heraea polyphemus, males 5 ] 653
females - 5 50
cug atlas, males - 60 ‘ 335
females . - 15 145

.« Meyer et al., unpublished. One Galleria unit is equivalent to approximately

- JH=I or JH~II. b) from Gilbert and Schneidermau? 1961, One Cecropia unit (CU)
stimated to be equivalent to 3 ng J8~I or JH~II. The activities in column 1 were
rmined from purified preparations, those in columns 2 and 3 from crude extracts.
‘opia extracts by our ECD method (Peter et al., 1976) confirmed these biocassay

les: 730 ng JH-I, 70 ng JH~II, possibly 7 ng JH-III for a male and 3.4 ng JB-I,

ng JH~II, and possibly 0.05 ng JH~III for a female. We had not been able to isolate

rom female Cecropia, female S. cynthia, and male Rothschildia orizaba with techniques

h'had been successful for male Cecropia. This result is in accordance with our
bioassays which indicated low biological activity in the partially purified extracts.
Paguia et al., (1976) have attempted to iseclate JH from another saturniid moth,
tacus atlas (sex not specified). The specific activity of the crude extract

leria wax test) was one half that of an comparable extract of H. cecropia.
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The msin activity c¢o=chromatographed with JE=III (oot JH-I) during purificatiom, but
it was not found to be JE~III. The active priunciple has yet to be identified which

is surprizing in view of the very high biological activity determined for the extracts.

Ra R

o~ A COOCH
Ri,R2,R3: =C2Hs (£)~JH=0
Rx: ~CH3;R2,R3: ~C2Hs {£)~JB~T
Ri,R2: ~CH3:R3: -C2Hs (£)~JH=II
Ri,R2,R3: ~CHs (*)~JH~III

I0R, IS (+)~JH-1

(natural JH-I)

Fig. 2. Structures of Juvenile Hormones. The comfiguration of natural JH-II and
JH-0 may be presumed to be identical with that of JH-I; JH-III has also 1O0R
configuration.

The Male Accessory Sex Glands

The genital tract of the male moth consists of testes, vas deferems, accessory
sex glands (ASG), common duct, and ejaculatory duct. We now know that the JH in
males of H. cecropia is concentrated almost exclusively in the ASG (Shirk et al.,
1976) and also that this organ is able to introduce éhe label from methionine into
the JH molecula. ’

when [2=1“C]-JH~I had been injected into intact moths, about 10% of it could
be recovered from the total extract after 25 hr (Metzler et sl., 1972). When
[*C-methoxy]~JR~1 and [ “C-methoxy]-JH-III had been injected into intact or allatec-
tomized (decapitated) males, 25% and about 1% of the label was recovered with
JH~1 and JH~III, respectively. The hormones, isolated from the total extract, also
carried the label from simultanecusly injected [*H-wmethyl]l-methionine. When
ug-amounts of JH~I and JH-III were injected they were labeled in the ratio 10:1 in
favor of JH~1 (Dahm, et al., 1976). The exchange of the ester methyl group of JH
against the labeled methyl group of methionine occurs only in presence of the A5G
and 13 independent of the CA. GConsequently it could be presumed that the conversion
of JB-acid to JH, observed much earlier (Metzler et al., 1972) 1is also am accomplish-
ment of the ASG and not of the CA. It is likely that the natural substrate of the
ASG is the JH-acid and not JH since Weirlch and Wren (1976) found that adult Cecropila

have high esterase activity, but lack a carcier protein to protect JH (Weirleh, un-



189

blished). 1t is also possible that the pattern of hormones in the ASGC does not

ésemblé the pattern secreted by the CA because ghe ASG discriminated between JH-1-acid

gnd JH-I1I-acid.

One of the last steps im the bicsynthesis of JH is the formation of the methyl

gter. Reibstein and Law (1973) have shown in adult female Manduca CA that S-adenosyl-

ethionine (8AM) is 2 substrate in the methyl transfer to JH-acid which is catalyzed

f an enzyme in the glands. Weirich and Culver (1979) have characterized a similar

HEYHE (SAMnJHLMethylttansferase) which is found in the ASG but not in other tissues

£ the genital tract of Cecropia. The ASG exhibit high enzyme activity already 8

ays before eclosion. This is the same time when ASG in vivo become competent to
hylate injected JH-I-acid and to accumslate JH (Shirk, et al., in préparationz.

erefore, the onset of JH accumulation depends on activation of CA and availability

£ JE-acid. The methylating enzyme is not found im ASG of Manduca sexta and Antherasa
ernyi, moths which do not accvmulate JH (Weirich and Culver, 1979).

. The selectivity of the methyl transfer reaction with regard to JH-I-acid,

HeII-acid and JA-III-acid has been studied in in vivo, in vitro, and in homogenates

£ ASG (Table 4). Metbylation with [3H]-~SAM should give JH of the same specific

tivity as the precursor and the yield may be calculated directly from the radiomecti-

ity of the products. The high percentage of conversiom tends to mask differences

ABLE 4. RELATIVE SPECIFICITY OF JH-ACID METHYLATION BY MALE ACCESSORY SEX GLANDS
'A5G) OF CECROPIA MOTHS

JH-1 JH-IT JH=-IIIL
¢ in vivo® 16,7000 dpm 23,800 dpm 1,600 dpm
36 in vieroD) 76,400 dpm 6,400 dpm il
$G homogenate &) 412 27% 7%

3G from moths, allatectomized as pupae, to ensure absance of endogenous JH. a) moth
plected with 10 ug of each JH-acid and [methyl-%C]-methionine. b) ASG cultured

ith 10 yug of each JH-acid and [methyl-}“C]-methionine., c¢) ASG-homogenste incubated
th 184 pmol JH-I~acid, 250 pmol JH-II-acid, 192 pmol JH-III acid, and [methyl~’H]-SAM
results represent % conversion). In all experiments the racemic JH-azcids were used.

i reaction rates but the preference of the enzgyme for JH-I and JH-1I over JE-III
- ¢learly evident. The difference is most noticable in feaction with ASG in wvitro.
gotopic dilusion of the radiotracer is probably low and the data would indicate

bout 2% conversion of JH-I-acid and 0.2% coﬁversion of J#-TII-acid. It is remarkable
at in this experiment no trace of labeled JH-III was' recovered. In in_vivo
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the methionine precursor in ghe ramge of 1000 (Metzler et al., 1571) and conversion
of JH-I-acid in the range of 107 (Metzler et ali, 1972). The high yield of JH-II
in tomparison to. JH-I is of interest, In ghis-context it may be worth mentioning
that ip some experiments with ASG howogenstes the E,E,trans-isomer of JH-O-acid had
been included. and that the yield of methylation was similar to that of JH-II-acid.
The stereochemistry of JH-I and JH-II produced from the racemic acids in ASG
homogenates was determined through degradation to the diols, formation of the
(+)-MPTA~derivatives, and HPLC, according to Nakanishi (1971). The hormones were
found to have the natural 10R,11S-configuraticn (Peter et al., in preparation).

The Corpus Allatum of the Adult Moth

Earlier we had isolated JH~I from cultures of CA of adult male H. cecropia in
a medium containing pupal Cecropia blood (RS51ller amd Dahm, 1970). Under conditions
now generally used (see Dahm et al., 1976, and references’ therein) such CA did not
produce JH and several attempts to stimulate the system by addition of pupal blood
have also failed. After addicion of 10 ug each of JH-I-acid, JH-1I-acid, and
JA~1If~dcid to the culture medium né gignificant amotunts of the hormones could be

recovered. In contrast CA of Periplameta americama which ncrmally produce only

JE-I1T (see Dahm et al., 1976) are able to methylate all three acids without clear
preference (Table 5). As discussed above, ASG under such conditions methylate

TABLE 5. INCORPORATION OF JH-ACIDS INTO JUVENILE HOBMONES BY ADULT CORPORA ALLATA
IN VITRO

dpm/day x gland pair
Organ in vitro

- JH-TA JH~TI JH-111
a
CC-CA™ of female
Periplaneta americana 8400 11400 14600
CC=CA of male
Hyalophora éecropia 16 ° 16 18
b .
ASG™ of adult H. cecropia
(allatectomized as pupae) 76400 6400 nil(<530)

The culture medium contained radiolabeled methionine and 10 ug each of racemic

JH~I~acid, JH-II-gcid, and JU-III acid. 3) (€C-CA = corpora cardiaca-allata complex
b) ASG = accessory sex gland
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eaferentially and efficiently JH-I-acid. These results support the hypothesis

at the incorporation of JH-I~-acid into JH-T in the intact male (Matzler,
al., 1972) is accomplished by the ASG and not by the CA. Further evidence to

pport this conclusion comes from experiments with CA-homogenates and labeled SAM

able 6). Homogenates of A from M. sexta produced all three hormones, confirming
results of Reibstein and Law (1973). CA of adult female P. smericana and larval
cecropia ylelded the hormones identified for the respective species and developmental
sge. CA of male Cecropia moths lack either JH-acids, the enzyme, or both.

3LE 6. INCORPORATION OF LABEL FROM [methyl~*H]-S~ADENOSYL-METHIONINE INTO JUVENILE
RMONES BY CORPUS ALLATUM HOMOGENATES

of JB-1 JH-11 JH-IIT

adult female M. gexta dpm total 750 52800 89500

pmol/eq 0.005 0.317 0.538

dult female Periplaneta americana dpm total <5 <5 1600

' pmol/eq - - 0.019
idult male H. cecropia dpm total <10 <10 <90
pmol/eq - - -

th dnstar larvae of H. cecropia dpm total 170 90 } <5
pmo1/eq 0.002 0.001 -

h' incubation contained: 5 ul 0.1 M phospate buffer pH 7.6; 5 uCi{ *H]~SaM (7.5 Ci/mol)
3 ul 0.001 N Hy504, and the CA homogenate im 10 ul Grace's medium. Incubation
ime 5-6 hr.

The lack of SAM-JH~acid methyltransferase is ewident from an experiment where
acids were supplied (Table 7). As in experiments with whole glands im vitro,
adult male CA are unable to incorporate the JH-acids. Homogenates of the female
land, however, accomplish the conversion to JH efficiently and show on the basis
percent conversion a preference for JH~I. Since ASG are a rich source of the
hylating enzyme, we utilize glands from adult males, allatectomized as pupae,
-quantification of JH-acids. The shortcoming of the method is the low sensitivity
L JH=ITI-~acid. It is still preferable to the alternative method, namely esterification
b diszomethane which gave, because of the small amounts involved, rather uncertain
lelds. From adult male CA-homogenates, incubated with ASG-homogenates and [ *H]-SaM,
isolated 5 pg JH-I and 2 pg JH-II per CA-pair. Female CA comtained about 2 orders

magnitude smaller amounts of JH-acid, predominantly JH-II-acid. Upon culturing
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TABLE 7. INCORPORATION OF JH-ACIDS INTO JH IN CORPUS ALLATUM HOMOGENATES FROM ADULT
CECROPIA

CA-homogenates of: JH-T JH-TT JH-TTI
4 male dpm total 1780 1750 130
pmol/eq 0,020 0.020 - 0.002
10 female dpm total 400000 464000 12300
pmol/eq 1.80 2.10 0.06

The incubation mixture contained 88 pmole JH~I-acid, 304 pmole JH-II-acid, 165 puole
JH-III~scid, and [methyl-’H]-§-adenosyl-methionine.

the CA of adult male Cecropia release the acids into the medium and de novo biosyn-
thesis, under in vitro conditions, could be demonstrated by incorporation of labeled
mevalonate and propionate. As is the JH biosynthesis in CA of other species, the
production of JH-scids is greatly stimulated by addition of mevalonate and homo-
mevalonate to the medium (Table 8). The biosynthetic capacities of adult male

TABLE 8. STIMULATION OF JH~ACID BIOSYNTHESIS IN CORPORA ALLATA IN VITRO FROM ADULT
MALE CECROPIA MOTHS

Jh-acids/[ *H]-SAM Expt. #1 Expt. #2
JH-1 (dpm) 2 196 000 1 649 000
pmol/eg. 55.6 41,8
JE~11 (dpm) 2 192 000 1 432 000
pmol/eq. 55.5 36.3
JH-IIT (dpm)} 20 20
pmol/eq. . nil il

The medium contained 1 mg/ml each of mevalonate and howomevalonate. Analysis of acids
by conversion to JH with homogenate of male accessory sex glands of moth allatectomized
as pupae and [ “H]-SAM.

tacropia CA and ASG when culiured either separately or together are shown in Table 9,

The sysiem very likely reflects the normel in vive eveunis. In this experiment omly
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H~I and JH-I-acid were determived. The compounds (after conversion of the acid

JH) were identified by HPLC through co-chromatography of the labeled products

¢h unlabeled carrvier. ASG cultured alone did not produce JH or JH-acid. CA pro-
e and release JH-acid which in co-culture of CA and ASG is methylated and stored.

must be mentioned here that female CA, in spite of their content of methylating
zyme, in organ culture did not produce JH but JH-acid, albeit in much smaller

unts‘than the male gland. Ajami (1974) cultured brain-CC-CA complexes of female

LE 9. PRODUCTION OF JH~I-ACID BY CORPORA ALLATA (CA) AND ACCESSORY SEX GLAMND
G) OF ADULT MALE HYALOPHORA CECROPIA IN VITRO.

ian(s) in vitro Extract of T JE-I (pmol) JH~I-acid (pmol)

air CA med Lum — 1.75
‘ cA - 0.04
alr CA + 1 ASG med Lum 0.35 0.06
CA nem -
SG medium - —

ASG - -

was’ detected through labeling with [methyl-’H]-methionine in the culture medium;
acid was separated and identified after comversion to JH with [3H]mSAM and ASG-

genate. All ASG in this experiment were from‘moths which had been allatectomized
5. pupae.

ecropia and reported high yields of label from [methyl-’"“C]-methionine im JH~I.

¢ notes, however, difficulties with the reproducibility of his results which, he
QSpects, are due to imperfect surgical techniques. It is’ possible that the release

£ JH-acid by female CA in vitro is an experimental artifact rather tham the indication
the in vivo process,

Improvements in analytical methods for JH acids allowed us to examine the products
CA cultures more precisely than was formerly possible. In the experiments described
Table 10 we extracted the culture media (except experiment VII where the ASG was
luded), added carrier and separated the hormone and acid fractions by TLC. The
Imones were resolved by HPLC. Experiments I and IT show that determination of
“synthesis in CA cultures by TLC alone may not always be reliable. The acids

2 converted by methylation with diazomethane to the hormones, purified by TLC

resolved by HPLC. For analysis of JH and JH-acid production a number of radiolabeled
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TABLE 10. JH AMD JH-ACIDS PRODUCED BY CORPORA ALLATA (CA) IN VITRO FROM ADULTS OF
VARIOUS SPECIES. -

Experiment: I 1 111 v v Vi VIL
CA=Culture: H.e. dH.e. M.s. fA.p. “P.a. O'H.c.,U “H.c.

" 2P, a. +ASG
Precursor A B B c B D E[*H] + c[l%)
TLC JH (dpm) 175 220 11,606 17,350 3,330 68,220 4,130 2,720

HPLC JH (dpm)

JH-T <10 <10 83 3,060 <10 6,550 2,330 1,210
JH-IT <10 <10 4,060 9,570 <10 2,860 830 400
JE-I1T1 <10 <10 29 (50) 1,200 29,560 <10 <10
TLC JH-Acid + CHaN, 6,610 6,610 2,680 1,480 113 4,670 130 2,080
(dpm)

HPLC (dpm)

JH-T 2,920 1,990 <10 146 <10 (nil) (140) 399
JH-1T 1,220 1,070 570 570 (40) (nil) <10 739
JH-III 41y  (172) 30 <10 (98) <10 <10 <10

Two to four CA were cultured for 5 days in Grace's medium with radiolabeled Precursors
for JH-biosynthesis. A: [3-)%Cl-hydroxymethylglutaric acid; B: [*H]~methylmalonic
acid; €: [I1-!“C]-propionate; D: [methyl-}%Cl-methionine + unlabeled mevalonate

and homomevalonate; E: [methyl-’H]-methionine. The different bormones are not equally
labeled by each precursor. Values in parantheses are of doubtful significance.

H.c., H. cecropla; M.S., M. sexta; A.p., A. pernyi; P.a., P. americana.

precursors were used, some of which have not been used in CA cultures before. These
precursors do not confer the label equally well to the different hormones (e.g.
{1~l“C]—propionate can label JH-III only by tortuous metabolic pathways) which hag
to be taken in comsideration for the interpretation of the results. Ca of adult
male Cecropia produce from hydroxymethylglutarie acid or methylmalonic acid only
JH-TI-acid and JH-II-acid, the hormones themselves were not formed (Experiment I

and I1). CA of M. sexta, always a useful reference standard, incorporate
methylmalonic acid im JH-IX but release a fair amount of JH-IT-acid into the medium
(Experiment III). CA of female A. pernyi (the male of this saturniid species has
been mentioned above as not accumulating JH; alse, its ASG 1s devoid of methyl-
transferase activity) are vigorous producers of JH-IT and JH-I (Experiment IV);

the ratio of JH to JH-acid is similar to that in Experiment III. Methylmalonic
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¢id cannot be incorporated into JH-III as & precursor without prior degradation
o acetate. Its application should emphas;ze the iabeling of JH~I snd JH-II, and
ur preparation of this compound indeed shows this effect (Experiment III) when
he known pattern of JB-blosynthesis by CA of M. gexta is taken in comsideration.
ven under these conditions the only preduct of CA from P, americana is JE-IIX

Experiment V). When CA of P. americapa are co-cultured with CA of male H. cecropia,

he JH-aclds secreted by the CA of the moth are methylated by the enzyme of P. americana
Experiment VI). In this experiment only [methyl-'"Cl-~methionine was used as radio-
ctive precursor, which leaves the acid fraction unlsbeled. Experiment VII complements
 results described in Table 9. Here we used double label, [lmI“C}npropionata

both JH-acid and JB (excluding JH-III and JH~-I1T~acid), and [methyl~*H]-methionine

- JH (including JH~-III). The ASG are able to convert the major portion of JH-acids
duced by CA to the hormones, noticable again is the preference for JH-TI~acid.

The ability of the ASG to concentrate and store JH explains to a large extent
“difference in JH content betwéen male and female Cecropia moths. The other

@ctor contributing to the difference is the blosynthetic capacity of the respective
This is seen in earlier experiments in which CA were implanted into allatectomized
es. Under these conditions the male CA produced 10 times more JH than the female

(Dahm et al., 1976).  Another differemce noted in these experiments was that
he female CA prdduced JH-I1 as the major endoerine product.

A more detailed study of the development of the sexual dimorphism in CA activity
carried out by cross-transplantation experiments involving CA and Herold's organ
‘ lage) for ASG. The results 1ndicaﬁe that the development of the sex-specific
gynthetic pattern is independent of the internal milieu during metamorphosis
irk,.Bhaakaran and R8ller, in preparation).

Function of Juveniles Hormone in Adults

The two preceeding sections have revealed sm elaborate system of JH biosynthesis
the male Cecropla moth: production and release of the JH-acids in the CA,
questration by the ASG, methylation by a rather specific enzyme, snd storage in

he lumen of the gland, During mating the hormones are transfered to the bursa
pulatrix from which it can now be isclated (Shirk EE.Ei°' 1980). When labeled
hionine 1s injected in vivo, large amounts of radicactive JH accumulate in the
(10000 to 100000 dpm). Most of this JH is transfered dﬁring copulation and

hing or little remains in the ASG (Table 11). In the bursa copulatrix JH persisced
1 two days after copulation, but disappeared completely after four days. The

23 contained a high quantity of radiolabel which, howéver, was not associated

th juvenile hormones. Whether or not this radiolabel is derived from juvenile
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hogmones remains to be investigated since a major portiom, but certainly mot all,
of the radiclabel trunsfered during mating is incorporated in JH.

The transfer of JH to the female would lead to the suspicion that it has
a regulatory function either in the female or im the progemy. Secretious of the ASG
do not seem to be imvolved in the change from virgin to mated behavior of female
Cecropia (Riddiford and Ashechurst, 1973). Williams (1959) had already reported

.

TABLE 11. DISTRIBUTION OF JUVENILE HORMONE AFTER MATING OF CECROPIA FEMALES WITH
MALES CONTAINING RADIOLABELED JUVENILE HORMONE.

a) Crude JH~1 JH-1T Time after
Preparation oil (dpm) (dpm) (dpm) copulation
Male ASGb) nil nil
Female BC®) 9,600 1,600
Male ASG® 1,000 il 0
Female BCb) 10,100 2,500 2 days
Eggs 83,700 nil nil
Male ASG 3,250 450 0
Female BC nil nil 4 days
Eggs 19,500 nilk nil

The JH in the male had been lsbeled by injection of labeled methionipe. BC: bursa
copulatrix; ASG: accessory sex gland; a) each set vepresents one mating pair;
b) data from Shirk et sl., 1980.

that allatectomy in the pupal stage had no apparent effect on the activities of

the adult or the development of the next generation. We repeated the experiments

and observed the next gemeration through pupation but did not discover any abnormali~
ties. Therefore, the ralson d'étre of the accumulated JH remains unknown.

Experiments with JH-I~-Acid

Since our cobservations suggest that adult male Cecropila CA secrete JH acids,
the profound endocrine effects of such CA after implantation in brainless diapausing
pupae (Williams, 1959) are surprizing. Consequently we compared the effects of
JH-I and JH-I-acid on Dauerpupae of Cecropia (Bhaskaran et al., 1980). The bilologlcal
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sctivities of the two compounds were practically identical (Table 12). The doses
applied were rather high but not unréasonably so; Willisms obtained a 257 response
with three implanted CA and we know that an adult male CA may produce several ug
JH-acid within days. Since there is no difference between the activities of JH
and JH-acid, it seems very unlikely that the JH-acid is methylated somewhere in

TABLE 12. EFFECT OF JH~I AND JH-I-ACID ON BRAINLESS DIAPAUSING CECROPIA PUPAR

JH-T (ug) 1 10 25 50 100
animals developed 20% 25% 40% 50% oz
verage scorea) 0.0 3.0 3.1 4.3 4.1
JH-T-acid (ug) 1 10 25 50 100
animals developed 15% 202 15% 552 80%
average scotea) 1.5 1.7 3.0 3.4 4.6

a) Data frow Bhaskaran et al., 1980. Scoring of juvenilizing effects according to
Williams, 1961.

the peripheral tissue and redistributed as JH to the target organs. We cannot exclude,
however, that conversion occurs in the targetvtissue itself, since this would probably
involve only minute fractions of the total amount injected. This possibility is under
investigation. We are also looking for other phenomena im insect development which
pay be based on action of JH-acids rather than JH.-

We gratefully acknowledge support of our work by The Robert A. Welch Foundation
{(Grant No. A598), the National Science Foundation (Grant No. PCM 72-01892), and
Organized Research, Texas A&M University.
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