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Precocious adults from 2nd and 3rd instar larvae of the desert locust Schistocerca gregana
were used to assess the competence of their fat body to synthesize DNA in response to a juvenile
hormone analog (JHA), hydroprene. Autoradiographic studies show that JHA stimulates DNA
synthesis since a significant proportion of the fat body nuclei are labelled after treatment with
100 or 200 ug of JHA. Maximum DNA synthesis occurs 24 h after treatment with 100 ug of JHA.
The nuclear ploidy classes of the precocious adults from 3rd larvae are similar to those of 1-d-old
normal adults, but trearment of these precocious adults with 100 ug of JHA doubles the DNA
content resulting in enhanced ploidy classes which resemble those of 10-d-old normal females. In
the precocious adults that emerged from 2nd instar larvae the ploidy classes are higher than those
of 1-d-old normal adults, and treatment of these precociousadults withJHA results in a further
increase in the DNA content of the fat body nuclei leading to the formation of high percentages
of 16C and 32C nuclei. The results of these studies suggest that any model on the mode of action

of JH should recognize this phenomenon of JH-induced polyploidization in the fat body nuclei.

Studies conducted in our laboratory have
established that in locusts differentiation of the
fat body during adult maturation involves DNA
synthesis, and that it is expressed in endocycles
(Nair et al., 198la) Since we could induce
Locusta migratoria this process of polyploidiza-
tion is regulated by juvenile hormone (JH)
(Nair et al., 1981a). Since we could induce
precocious metamorphosis of Schistocerca
gregaria larvae by exposure to precocene Il
(Unnithan et al. 1980) it was of interest to
determine whether the fat body cells of these
precocious adults whose corpora allata have
been shown to be degenerate, have attained a
level of nuclear ploidy similar to those of 1-d-
old normal adults, and whether JH could stim-
ulate the fat body cell to synthesize DNA re-
sulting in enhanced nuclear ploidy classes seen
in normal mature adults (Kooman & Nair,
1982). A brief account of some aspects of this
work was reported earlier (Nair et al., 1981b).

MATLERIALS AND METHODS

* H-thymidine incorporation into fat body
nuclear DNA

Precocious adults of S. gregaria were ob-
tained by treating 2nd and 3rd instar larvae, less
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than 6-8 hours old, with precocene II by the
method described by Unnithan et al., (1980).
The insects were maintained at 350C during
the 16 hr photophase and at 310C during the
8 hr scotophase. Only the female precocious
adults (Fig. 1) were used in the present study.
To determine the effects of various doses of a
juvenile hormone analogue (JHA), hydroprene
(ZR-512, Zoecon Corporation, Palo Alto,
Calif.), on DNA synthesis in the fat body nu-
clei, 10-15-day-old precocious adults that e-
merged from precocene-treated 3rd instar larvae

(Fig. 1) were treated topically on the abdomen
with 25, 50, 100 and 200 ug of the JHA in
acetone solution. 24 hours after treatment,
10 uCi of methyl®H-thymidine (5 Ci / mmole,
Amersham Corporation) was injected into each
insect through the arthroidal membrane at the
base of the 3rd pair of legs. Four hours after
the injection of the radioisotope, squashes of
the abdominal fat body were fixed in alcohol-
acetic acid (3:1 vol.), Feulgen-stained and pro-
cessed for autoradiography as described by
Kooman & Nair (1982).

Since a dose of 100 ug of JHA induced DNA
synthesis in a significant proportion of the fat
body nuclei, this dose was chosen for the time-
course study to determine the temporal incre-
ments in DNA synthesis as a result of JHA
treatment. 10-15-day-old precocious adults
from 3rd instars were treated topically on the
abdomen with 100 ug of JHA in acetone solu-
tion. Four, 8, 24, 48 and 72 hours after treat-
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Fig. |: Precocious adults from precocenc ll-treated 2nd instar (left) and 3rd instar

(right) larvae. Scale:cm.

ment, 10 uCi of methyl’H-thymidine was in-
jected into each insect as described earlier. Four
hours after injection, fat body squashes were
processed for autoradiography. In both the
above experiments S insects were used in each
treatment group, and a minimum of 500-9000
nuclei from each group were e¢xamined for
labelling.

DNA content

10-15-d-old precocious adults that emerged
from precocene-treated 2nd and 3rd instar lar-
vae (Fig. 1) were used to study the influence of
JHA on the fat body nuclear ploidy classes.
Acetone solutions containing doses of 100 or
200 ug of JHA were applied topically on the
abdomen. The control insects were treated with
1O ul of the solvent only. 48 hours after treat-
ment, fat body squashes were fixed in alcohol-
acetic acid (3:1 vol.) for 1 hour and processed
for Feulgen-staining (For details, see Kooman
& Nair, 1982). In addttion,for purposes of com-
parison, fat body squashes from 3-day-old 2nd
and 3rd instar larvae, t-day- and 10-day-old

normal temale adults were tixed and Feulgen-
stained. Extinction measurements of these
nuclei were made with the Scanning Microscope
Photometer (Carl Zeiss. W. Germany) at 570,y
at | um intervals. A total of 4 insects were used
in each group and 100 to 300 nuclei from each
group were measured for Ec.y,,, values. The
diameter of the scanning apperture was 1.4
um. The references standards were obtained
by measuring Feulgen-stained early spermatid
nuclei (1C) and neuronal nuclei (2C) from testis
and brain squashes respectively.

Ri SUT 1S

The results of the JHA dose-response study
(Table I) shows that cven the lowest dose used
(25 wug) stimulated DNA synthesis, but the
maximum responses are seen in the groups that
were treated with 200 ug of JHA. The data on
the time-course study (Table H) reveal that a
significant percentage of nuclei are labelled 24
hr after JHA treatment (p<<0.05). and thcreafter
it declined to lower levels when 7 H-thymidine
was injected 4&8-72 hr after JHA treatment.
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TABLE |

The effects of various doses of hydroprene on DNA synthesis in the fat body
nuclei of Schistocerca greraria

Dose in Ug No. of Nuclei % Labelled Nuclej (X £ S.E.)
25 9037 7.7%21a
50 5949 15.7 £ 3.4 ab
100 5803 27.5+5.2b
200 4730 40.3+49c¢

10-15-day-old S. gregaria precocious adults from 3rd instar larvae were treated
topically on the abdomen with the above doses of hydroprene in acetone solution.
24 h after JHA treatment 10 U Ci of 3H-thymidine was injected into each insect.
4 h later the fat body squashes were processed for autoradiography. 5 insects were
used for each treatment. The data were analysed for significance using ANOV A
statistics and the Duncan’s Multiple Range test. Means followed by the same
alphabet are not significantly different from each other at 35% level.

TABLE II

Time course study on DNA synthesis in the fat body nuclei of precocious adults
of Schistocerca gregaria after treatment with 100 tig of hydroprene

Time (Hr) No. of Nuclej Labelled Nuclei (X +S.E.)
4 654 1505 a
8 722 6.7*18a
24 908 25.7*48b
48 945 11.9%38¢
72 502 146146¢

10-15day-old S. gregaria precocious adults from 3rd instar larvae were treated
topically on the abdomen with 100 g of hydroprene in acetone solution. Four h
after the injection of 3H-thymidine the fat body suashes were processed for auto-
radiography. 5 insects were used for each tréatment and the data were analysed
for significance by ANOVA statistics and Duncan’s Multiple Range test. The
means fotlowed by the same alphabet are not significantly different from each
other at 95% level.

TABLE I

The average DNA content/fat body nucleus expressed as total extinction in the
various groups of Schistocerca gregaria

Groups Treatment Total Extinction (X £S.D.)
1. 2nd instar iarvae None 743198
2. 3rd instar larvae None 739363 1vs2NS.
3. 1-d-old adults None 102.4 £9.2
4. 10-15-0ld adults None 315.7£33.3 3 vs 4 p<0.05
5. *Precocious adults 10 il acetone 167.3 £40.3
6. * Prccocious ad ults 100 Mg JHA 255.1 21725 vs 6 p <0.05
7. ¥Precocious adults 200 ug JHA 359.3262.7 5vs 7 p <0.05
8. **Precocious adults 10 pl acetone 192.6 ¥ 9.1
9. **Precocious adults 100 gg JHA 5384 232 8vs9p<0.08

*10-15d-old precocious adults from precocene-treated 3rd instar larvae. ** 10-15-
d-old precocious adults from precocene-treated 2nd instar tarvae. N.S. Not statis-
tically signiticant.
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TABLE IV

Percentages of nuclear ploidy classes in the various groups of Schistocerca gregaria (X £ S.E.)

Groups Treatment 2C 4C 8C 16C 32C n
A. 2nd instar larvae None 450*58 47.0+*48 B8.0%5.0 0 0 100
B. 31d instar larvae None 300¥25 61072 9.0%35 0 0 100
C. 1d-old adults None 0 73.0x2.0 27.0%2.0 0 0 200
D. 10-15-d-old adults None 0 <20 44.0*95 530*25 30*x2.0 200
E. *Precocious aduits 10 Ul acetone 0 53025 47.0%9.5 0 0 200
F. *Precocious adutts 100 g JHA 0 145+X24 520*48 340*1.0 0 300
G. *Precocious adults 200 ug JHA 0 0 37.0x7.7 57075 6.0F3.8 200
H. **Precocious adults 10 Ul acetone 0 38.0£3.3 330X44 29015 0 100
I. **Precocious adults 100 ug JHA 0 0 <2.0 52.0x6.2 46.0%X44 100

*Precocious adults from 3rd instar larvae

The DNA content per nucleus expressed as
total extinctiongsgnpm Units, is presented in
Table III. It shows that the average total extinc-
tion units per nucleus (DNA content) in the
normal 1-day-old adults and 10- to 15-day-old
control precocious adults are 102.4 and 167.3
respectively. Maturation of the normal adults
is accompanied by a doubling of the DNA con-
tent. The data also reveal that the nuclei of the
precocious adults treated with JHA have a

higher DNA content than those of the untreated.

precocious adults.

Although in the 2nd and 3rd instar larvae
30-45% of the fat body nuclei are diploid (Table
IV), in the precocious adults that emerged from
precocene-treated 3rd instar larvae there are no
diploid nuclei; their ploidy classes are similar
to those of 1-d-old normal adults. Treatment of
these precocious adults with 100 ug of JHA
increases the DNA content per nucleus and
enhances their ploidy classes, mostly in the 8C
and 16C classes. Further increases in the ploidy
classes are seen in the group that received 200
pug of JHA; the predominant ploidy classes are
8C and 16 C with a few 32C nuclei. In the pre-
cocious adults that emerged from precocene-
treated 2nd instars the nuclear ploidy classes
are 4C, 8C and 16C. Treatment with JHA
clevates the ploidy classes to 16C and 32C.
Thus the highest increase in the ploidy classes
and the DNA content per nucleus are seen in
the nuclei of JHA treated precocious adults
from 2nd instars.

DISCUSSION

During maturation of adult . gregaria the
DNA contents of the fat body nuclei double by
day 8 (Kooman, 1980; Kooman & Nair, 1982).
A similar event occurs also during the matura-
tion of another species of locust, L. migratoria,

**Precocious adults from 2nd instar larvae

and it has been suggested that this increase in
nuclear ploidy levels is dependent on JH (Nair
et al., 1981a). In the precocious adults that
emerged from precocene-treated 3rd instar lar-
vae the ploidy classes are similar to those of 1-
day-old normal adults (Table 1V) which suggests
that the internal organs such as the fat body of
precocene-treated larvae have undergone a pro-
cess of rapid differentiation towards the adult
form. This increase in ploidy from the larval
level to the adult level occurs in the absence of
JH since the CA of the larvae exposed to pre-
cocene undergo degeneration. Treatment of
these precocious adults with JHA induces DNA
synthesis in the fat body cells resulting in
enhanced ploidy classes which resemble those
of mature adults.

The average DNA content as well as the lev-
els of ploidy in the fat body nuclei of pre-
cocious adults that emerged from precocene-
treated 2nd instar larvae are higher than those
of 1-day-old normal adults or control preco-
cious adults from 3rd instars (Tables III, IV).
Whether the enhanced ploidy classes in these
untreated precocious adults are due to an in-
crease in the frequency of fat body nuclear fu-
sion which occurs under certain conditions (Wig-
glesworth, 1967) or whether the fat body cells
of these small adults have compensated for the
presumed reduction in cell number by increas-
ing the DNA content remains to be established.
Whatever may be mechanisms involved in the
formation of these large nuclei with high DNA
content, treatment of these adults with JHA also
stimulates DNA synthesis resulting in the for-
mation of a high percentage of 32C nuclei.
These results are, therefore, in conformity with
those of Chen et al. (1976, 1979) and Nair et
al. (1981a) who showed that treatment of alla-
tectomised L. migratoria with a JHA induced
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replication of the DNA content of the fat body,
leading to an elevation of the nuclear ploidy
classes. Our results also show that maximum
DNA synthesis occurs within 24 h of JHA treat-
ment and that it precedes yolk deposition in
the oocytes (unpublished). A similar obligatory
DNA synthesis occurs prior to the synthesis
specific proteins has been observed in Xenopus
liver (Green & Tata, 1976;Tata & Smith, 1979),
in the chick oviduct (Socher & O’Malley, 1973)
and in the fat body of the mosquito Aedes
aegypti (Hagedorn, personal communication).
Nair et al. (1981a) suggest that the JH-depend-
ent DNA synthesis and the resultant increase in
the ploidy of the fat body celis of L. migratoria
permits accelerated production of mRNA for
vitellogenin and possibly other proteins. In L.
migratoria hormonal induction of vitellogenin
synthesis after primary stimulation with JHA
occurs after a lag of 48 h, whereas a second
application of the hormone (secondary stimula-
tion) after 10 days renewed vitellogenin syn-
thesis with very little initial lag (Chen et al.,
1979; Chen & Hillen, 1983). We tentatively sug-
gest here that the establishment of highly poly-
ploid cells may be one of the reasons for the
initial lag in vitellogenin production after the
primary stimulation. During the secondary
stimulation the latent period may be reduced
since the fat body cells have already doubled
their DNA content.

Whether this JH-induced fat body polyplo-
idization seen in L. migratoria and S. gregaria is
a universal phenomenon in insects or whether it
is restricted to locusts remains to be established,
but available evidence indicates that it occurs in
other species of insects as well. Quan & Chen
(1983) observed an increase in the nuclear
ploidy classes of fat body cells of Coccinella
septempunctata after in vivo treatment with a
JHA. Similarly in A. aegypti treatment of the
females with a JHA stimulates DNA synthesis
in the fat body cells leading to higher nuclear
ploidy classes (Ditmann & Hagedorn, 1984).
JH has been shown to stimulate DNA synthesis
in other tissues viz. the salivary glands of Droso-
phila (Sinha & Lakhotia, 1983) and ovarian fol-
licle cells of S. gregaria (Nair et al., 1981b) and
of Leucophea maderae (La Pointe et al., 1985).

A model for the endocrine control of vitello-
genin synthesis and vitellogenesis has been pro-
posed by Engelmann (1979). He postulates that
JH acts on the fat body genome for mRNA pro-
duction, and it also acts at the cytoplasmic level
to stimulate the proliferation of RER. In the
light of the results reported we suggest that any
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Fig. 2: Action of juvenile hormone on fat body cells of
locusts. N, No: Y, Yes.

model on the mode of action of JH should rec-
ognize this phenomenon of JH-stimulated poly-
ploidization in the fat body nuclei (Fig. 2).
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