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The titer of juvenile hormone III (JH-III) has been determined by the use of combined gas 
chromatography-mass spectroscopy (GC-MS) in whole body extracts of the larvae, prepupae, 
pupae and adults of Drosophila hydei. A characteristic JH-III titer curve was established by use of 
the hormone derivatives. No other juvenile hormone homologs were detected.

JH-III shows a broad peak maximum of about 30 pmol/g fresh weight during the last larval 
instar, whereas only traces of the hormone are detectable at pupariation. Prepupae and pupae 
exhibit about the same JH-III level. In older pupae and in the pharate adults there was no 
JH-III detectable but it reappeared soon after emergence. Low values of JH-III are found in 
young male and female flies. The JH contents rise to distinct peaks in older and reproductive 
adults, both in male and female animals.

Introduction

Insects need juvenile hormone not only for larval 

growth but also for metamorphosis to the imago [1]. 

In most hemi- and holometabolous insects it is also 

necessary for the induction and maintenance of 

reproductive processes [2]. Main sources of its bio­

synthesis are the corpora allata.

The structure of JH-I was elucidated by Roeller et 

al. [3] in the lepidopteran Hyalophora cecropia, that 

of JH-II by Meyer et al. [4] in the same species. 

Judy et al. [5] discovered and determined JH-III in 

the moth Manduca sexta, Bergot et al. [6] identified 

JH-0 in the eggs of this lepidopteran.

Appearance and titer of JH have been followed in 

hemi- and holometabolous insects. Sensitive tests 

for the biological effects of JH are the Galleria [7] 

and the Tenebrio [8] assays.

The use of coupled GC-MS analysis for juvenile 

hormone measurements was first described by 

Trautmann et al. [9] and a similar method by Mau- 

champ et al. [10]. Rembold et al. [11] and Bergot 

et al. [12] made use of JH-derivatives. Their detec­

tion is highly sensitive, specific and reliable, also at 

extremely low JH titers, the border of detection 

being around few nanograms of hormone.
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A radiochemical assay for demonstration of JH 

synthesis in vitro was described by Pratt et al. [13]. 

In vitro studies with JH precursors were practized 

by Feyereisen et al. [14], Baehr et al. [15] and 

Strambi [16], describe radioimmunoassays for the 

juvenile hormones.

Despite of many trials, JH could not be detected 

in dipterans for a long time and only for a few 

species data are available [17-20]. In the fruitfly, 

JH is indispensable for development and metamor­

phosis [11] and is later needed for vitellogenesis and 

yolk formation [22-24]. We now present evidence 

of JH-III to be the only homolog present in third 

instar larvae, prepupae, young pupae and adults of 

Drosophila hydei and a titer curve of the hormone.

Materials and Methods

Cultural conditions

Strains of the fruitfly Drosophila hydei were 

reared according to Berendes [34]. Flies were kept in 

plastic cages (50 x 50 x 50 cm) at 23-25 °C and 

40-60% relative humidity under long day condi­

tions (16/8 h).

Oviposition

8- 18 day old flies were used for oviposition. The 

time for egg laying was confined to two hours to 

make sure that animals used in experiments were at 

a similar stage of development. The eggs hatched 

and developed under conditions mentioned above.
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Biological samples

Larvae, prepupae and pupae of the desired age 

were collected, washed, dried on cellulose filters and 

weighed. The adults were immobilized by cooling 

them to 4°C and thus could be easily sampled. 

They were separated according to their sex under 

C 02-anesthesia. Until further use, all samples were 

kept at -70 °C.

JH  measurements

Purification of biological samples and their 

derivatization to the 10-hydroxy-11-nonafluoro- 

hexoxy-(35), or the nonafluorooctoxy-(36) com­

pounds, either as such or as their 10-heptafluoro- 

buturyloxy esters, has been described. Alternatively, 

10-nonafluorohexyldimethylsilyl-11 -methoxy-JH was 

prepared. The technique of quantification by use of 

the corresponding JH-ethyl ester and the details of 

GC-MS-MIS measurements have also been de­

scribed [11].

Table I. JH-III titers of different developmental stages of 
Drosophila hydei, in pmol/g fresh weight (FW) and in 
fmol/animal. “Traces” means limit of detection (0.08 pmol). 
Abbreviations: L = larvae; PP= prepupae; P = pupae; 
A = adults.

Age
[h]

Weight
[mg/animal]

Age
[h]

JH-III
[pmol/g FW]

JH-III
[fmol/animal]

L 60- 72 0.00 0.00
72- 84 0.18 0.15
84- 96 0.14 0.21
96- 108 0.17 0.31

108- 120 0.23 0.61
120- 132 0.29 0.91
132- 144 0.15 0.52
144—156 0.24 1.25
156—168 traces (0.08) traces (0.38)

PP 2 traces (0.08) traces (0.24)

4 traces (0.08) traces (0.25)

8 traces (0.08) traces (0.21)

12 traces (0.08) traces (0.23)

P 24 traces (0.08) traces (0.18)
48 traces (0.08) traces (0.27)
72 0.00 0.00
96 0.00 0.00

A? 24 0.21 0.71
120 0.62 2.45
240 0.65 2.64

AS 24 0.32 0.77
120 0.34 0.87
240 0.74 1.71

PP

A?

A<?

68 0.26 + 0.07
72 0.42 ± 0.14
76 0.39 + 0.17
80 0.61 + 0.16
84 1.01 + 0.21
92 0.76 + 0.09

100 1.23 + 0.47
120 2.63 + 0.11
144 4.41 + 0.09
162 4.93 + 0.25
168 4.86 + 0.35
174 4.10 ± 0.39

0-2 4.69 + 0.69
4 4.84 + 0.59
8 3.98 ± 0.39

12 4.40 ± 0.70

24 3.29 + 0.71
48 3.44 + 0.38
72 3.64 ± 0.48
96 3.55 ± 0.48

1 3.40 + 0.45
5 3.91 + 0.31

10 4.03 + 0.39
15 4.02 ± 0.43
17 3.54 + 0.53
20 3.73 ± 0.36

1 2.43 + 0.17
5 2.41 + 0.28

10 2.33 + 0.39
15 2.64 ± 0.34
17 2.26 + 0.47
20 2.27 + 0.52

Table II. Increase of body 
weight of Drosophila hydei 
stages. Abbreviations as in 
Table I.

Results

In whole body extracts of all developmental stages 

of Drosophila hydei only JH-III was detected in 

quantifiable amounts (Table I). Due to increase of 

body weight (Fig. 1, Table II) the course of the titer 

curves is somewhat different dependent on whether 

the JH values are referred to gram fresh weight, or 

to sample size (Figs. 2, 3). None of the other JH 

homologs could be found within the limit of detec­

tion of our method. An MIS plot of a probe with

0.51 pmol JH-III/g biological sample is shown in 

Fig. 4 as an example for the signal/noise ratio.

There are three striking JH peaks in Drosophila 

hydei development. The first in 120-132 h, mid 

third instar larvae, a second, 12 h later in 144- 156 h 

late third instar larvae and the third and highest 

peak in the 10 day-old male and female adults.

Second instar larvae of 60-72 h lack demon­

strable amounts of JH-III. Relatively stable JH-III 

values of about 0.18 pmol/g FW are found in the 72
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Fig. 1. Increase of body weight of different developmental stages during life cycles of Drosophila hydei. The sign — I I  — 
on the abscissa indicates different developmental stages: •  larvae; □ prepupae; ▲ pupae; a female adults; o male 
adults.
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Fig. 2. JH-III titer (pmol/g fresh weight — FW —) in Drosophila hydei. The developmental stages are indicated below 
the bars. The sign — II — indicates different developmental stages. Abbreviations: L = larvae; WL = wandering larvae; 
PP = prepupae; P = pupae; A = adults.

to 120 h old late second and early third instar 

larvae. The first peak in third instar larvae 

(120-132 h) has a value of 0.24 pmol/g FW, the 

second in late third instar larvae (144-156 h) 

reaches 0.24 pmol/g FW. The oldest larvae (156- 

168 h), the prepupae and young pupae (24 and 

48 h) have traces of JH-III near to the limit of

detection (0.08 pmol/g FW), whereas in old pupae 

and pharate adults no JH-III can be detected.

The JH-III titer rises a third time, constantly from 

day 1 to day 10 in adult male and female flies. 

Female Drosophila animals have a JH-III maximum 

of 0.65 pmol/g FW, males reach 0.74 pmol/g FW on 

day 10.
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Fig. 3. JH-III titer calculated for the individual animal (fmol/animal) of Drosophila hydei. Legend as in Fig. 3.

Fig. 4. MIS plot for the fragment m/e 376 formed from the 
10-nonafluorohexyldimethylsilyl-l 1-methoxy-JH-III deriv­
ative after separation by GC (245° const., capillary 
column Durabond-1, 0.25 mm i.d., 30 m) — MS in El mode 
(0.05 pmol JH-III). For more technical details comp. (12). 
Retention time of the resp. JH-III ethyl ester (1.2 pmol) is 
at 73 s.

Discussion

Our present data about the occurrence of JH-III 

in Drosophila hydei confirm our former still prelim­

inary results [37] and allow to draw a titer curve for 

JH from late second instar larvae up to the adults. 

The titer is generally lower than in our earlier 

measurements, however. We can now definitely 

exclude the existence of other JH homologs.

JH-III therefore is the only naturally occurring JH 

homolog in Drosophila hydei with biological func­

tions as stated for other dipterans as Musca domestica

[17] and Sarcophaga bullata [17] and Aedes aegypti 

[20]. For species of other insect orders JH-III turned 

out to be the only JH of biological importance, as in 

Apis mellifera (Hymenoptera) [25], Locusta migra- 

toria (Orthoptera) [26, 27], Tenebrio molitor [9, 28] 

and Leptinotarsa decemlineata (Coleoptera) [4],

The predominance of JH-III in larvae as well as in 

adults of Drosophila hydei indicates that it is in­

dispensable for the hormonal regulation of larval 

metamorphosis, for vitellogenesis and oogenesis in 

female flies [22-25, 32], We explain JH-III levels 

during third larval instar and in adults as sufficient 

signals for switching developmental programs.

Only trace amounts of JH were found in pre­

pupae and early pupal stages and no JH at all in 

older pupae (72 h) and in 96 h pharate adults. 

Either the turnover of JH is too high and no JH 

detectable with our technique or it is not even 

produced.

Extremely low JH concentrations do not seem to 

be of functional importance for growth, meta­

morphosis or reproduction in the animal. JH ester­

ase activity in Drosophila haemolymph is very high 

at the beginning of the prepupal stage and then 

slowly diminishes in pupae, also that of the hypo- 

dermis decreases rapidly during pupal life [29].
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The JH titer in the animal will therefore certainly 

drop to zero even if there is still a very low JH bio­

synthesis in old larvae, prepupae and pupae.

In comparison with the JH-III concentrations in 

larvae the titer is considerably higher in adults. 

After 24 h the flies have already exceeded the peak 

maximum of the larvae. On day 5 when the females 

already lay eggs whereas the males are still sterile, 

the former exceed the latter in JH contents. Day 10, 

however, brings a change in relations. Male flies 

which now have become mature exceed the females

by about 13%. Few acts only are known about the 

possible role of JH in male insects [30-33].

Acknowledgements

We thank Mr. B. Lackner (Martinsried) for his 

expert technical assistance in the sample purifica­

tion and GC-MS measurements and Mrs. Hutter for 

rearing the staged animals. The financial support 

of the Deutsche Forschungsgemeinschaft (grant 

Em 14/14-5 and Em 14/14-7) is gratefully acknowl­

edged.

[1] K  Madhavan, J. Insect Physiol. 19,441 -453 (1973).
[2] F. Engelmann, Adv. Insect Physiol. 14,49-108 (1979).
[3] H. Roeller, K  H. Dahm, C. C. Sweeley, and B. M. 

Trost, Angew. Chem. 6,179- 180 (1967).
[4] A  S. Meyer, H. A. Schneidermann, E. Hanzmann, 

and J. H. Ko, Proc. Natl. Acad. Sei. 60, 853-860 
(1968).

[5] C. Judy, Prac. Natl. Acad. Sei. 70, 1509 -1513 (1973).
[6] B. U. Bergot, Science 210,336 (1980).
[7] H. A  Schneidermann and L. I. Gilbert, Biol. Bull., 

Woods Hole 115,530-535 (1958).
[8] P. M. Karlson and J. Nachtigall, J. Insect Physiol. 7, 

210-215(1961).
[9] K  H. Trautmann, A. Schuler, M. Suchy, and H. K. 

Wipf, Z. Naturforsch. 29c, 757-759 (1974).
[10] B. Mauchamp, R. Lafont, and D. Jourdani, J. Insect 

Physiol. 25,545-550 (1979).
[11] H. Rembold, H. Hagenguth, and J. Rascher, Anal. 

Biochem. 101,356-363 (1980).
[12] B. J. Bergot, M. Ratcliff, and D. A. Schooley, J. 

Chromatogr. 231-244, 1981.
[13] G. E. Pratt, S. S. Tobe, R. J. Weaver, and J. R. 

Finney, Gen. Comp. Endocrinol. 26,478-484 (1975).
[14] R. Feyereisen, J. Koener, and S. S. Tobe, Juvenile 

Hormone Biochemistry (G. E. Pratt and G. T. Brooks, 
eds.), p. 81-92, Elsevier/North-Holland, Biomedical 
Press, 1981.

[15] J. C. Baehr, P. H. Pradelles, C. Lebreux, P. Cassier, 
and F. Dray, FEBS Letters 69 ,1 (1976).

[16] C. Strambi, Juvenile Hormone Biochemistry (G. E. 
Pratt and G. T. Brooks, eds.), p. 59-63, Elsevier/ 
North-Holland Biomedical Press, 1981.

[17] D. A  Schooley, K  J. Judy, B. J. Bergot, M. S. Hall, 
and R. C. Jennings, The Juvenile Hormones (L. I. 
Gilbert, ed.), p. 101-117, Plenum Press, New York, 
London 1975.

[18] J. E. Girard, K  Madhavan, T. C. McMorris, and A. 
De Loof, Insect Biochem. 6,347-350 (1976).

[19] G. Klages, H. Emmerich, and M. G. Peter, Nature 
286,282-285 (1980).

[20] F. C. Baker, H. H. Hagedorn, D. A. Schooley, and
G. Wheelock, J. Insect Physiol. 29 (6), 465-470
(1983).

[21] M. Vogt, Nature 157,512 (1946).
[22] J. H. Postlethwait, Biol. Bull. 147,119 - 135 (1974).
[23] J. H. Postlethwait and A. M. Handler, J. Insect 

Physiol. 25,455-460(1979).
[24] R. H. Barth, L. J. Lester, I. Sroker, T. Kessler, and 

R. Hearn, Experientia 31,691-692 (1975).
[25] H. Hagenguth and H. Rembold, Z. Naturforsch. 33 c, 

847-850 (1978).
[26] L. Huibregtse-Minderhoud, M. A. M. Van den Hondel- 

Franken, A  C. Van der Ker-Van Hoof, H. W. A. 
Biessels, C. A. Salemink, D. J. Van der Horst, and 
M. Th. Beenakkers, J. Insect Physiol. 26, 627-631
(1980).

[27] B. Bergot, D. A. Schooley, and D. C. DeKort, Ex­
perientia 37 (1981).

[28] B. Judy, Life Sciences 16, 1059-1066 (1975).
[29] G. Klages and H. Emmerich, J. Comp. Physiol. 132, 

319-325 (1979).
[30] M. Broza and M. P. Pener, Acrida 1,79-96 (1972).
[31] H. J. Ferenz, Experientia 3, (1973).
[32] W. S. Herman and D. C. Bennet, J. Insect Physiol. 99, 

331-338 (1975).
[33] M  Friedlaender, J. Insect Physiol. 28, 1009-1012 

(1982).
[34] H. D. Berendes, Chromosoma 14,195-206 (1963).
[35] H. Hagenguth and H. Rembold, J. Chromatography 

170,175-184(1979).
[36] H. Rembold, Juvenile Hormone Biochemistry (G. E. 

Pratt and G. T. Brooks, eds.), p. 11-20, Elsevier/ 
North-Holland, Biomedical Press, 1981.

[37] G. Klages, H. Emmerich, and H. Rembold, Scient. 
Pap. Inst. Org. Phys. Chem. of Wroclaw Techn. Univ. 
22, Conference 7, 207, 1980.


