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Abstract Insect molting and metamorphosis are orche2E, each in its own time-dependent manner, similar to
trated by ecdysteroids with juvenile hormone (JH) prdiat seen in vivo. These initial mMRNA increases were un-
venting the actions of ecdysteroids necessary for meaéfected by the presence of JH I, but those seen after 12 h
morphosis. During the molt and metamorphosis of tegposure to 20E were prevented by JH, indicating a dif-
dorsal abdominal epidermis of the tobacco hornworference in response between larvally and pupally com-
Manduca sextathe isoforms involved in the ecdysonenitted cells. The presence of JH which maintained larval
receptor (EcR)/Ultraspiracle (USP) complex change witommitment of the cells also prolonged the half-life of
the most dramatic switch being the loss of USP-1 and the EcR proteins in these cells. These results indicate
appearance of USP-2 during the larval and pupal mottsgat both ECR and USP RNAs are regulated by 20E and
We show here that this switch in USP isoforms is median be modulated by JH in a complex manner with only
ated by high 20-hydroxyecdysone (20E) and that ttieat of USP-2 apparently unaffected.
presence of JH is necessary for the down-regulation of
USP-1 mRNA. The decrease of USP-1 mRNA in dayk&y words Ecdysone receptor - Juvenile hormone -
fourth instar larval epidermis in vitro required exposutdltraspiracle Manduce:
to a high concentration (3®M) of 20E equivalent to the
peak ecdysteroid concentration in vivo, whereas the in-
crease of USP-2 mRNA occurred at lower concentratidingéroduction
(effective concentrations, Eg6.3x107 M). During the
pupal molt of allatectomized larvae which lack JH, USIEcdysteroid action at the molecular level has been well
2 mRNA increased normally with the increasing ecdystsgtudied in insects, especial@rosophila melanogaster
roid titer, whereas USP-1 mRNA remained high until pd-he primary biologically active ecdysteroid, 20-hy-
pation. When day 2 fifth instar larval epidermis was egfoxyecdysone (20E), binds to the ecdysone receptor
posed to 500 ng/ml 20E in the absence of JH to ca(EeR) when it forms a heterodimer with the Ultraspiracle
pupal commitment of the cells by 24 h, USP-1 RNA r@rotein (USP; Yao et al. 1992, 1993; Swevers et al. 1996;
mained at its high preculture level for 12 h, then irnkapitskaya et al. 1996), a homolog of the vertebrate reti-
creased two- to threefold by 24 h. The increase was preid X receptor (RXR; Mangelsdorf et al. 1992, 1995).
vented by the presence of 1 pg/ml JH | which also pfEae hormone-receptor complex then binds to either a
vents the pupal commitment of the cells. By contragialindromic (Cherbas et al. 1991; reviewed in Cherbas
USP-2 mRNA increased steadily with the samg 3 and Cherbas 1996) or a direct repeat (Antoniewski et al.
in fourth stage epidermis, irrespective of the presencel®@96) ecdysone response element (ECRE) to activate or
absence of JH. Under the same conditions, mMRNAs foactivate gene transcription. In the absence of ligand,
both EcR-B1 and EcR-A isoforms were up-regulated llye ECR/USP complex also may bind and down-regulate
gene transcription (Cherbas et al. 1991). EcR isoforms,
Edited by M. Akam which differ structurally only in their transactivating A/B

_ - — domains, are found iDrosophila (Talbot et al. 1993;
géHzlarrl:mgndtjo)f Zoology Univeraits of Washingion. box 351800, RODINOW et al. 1993; Truman et al. 1994), the lepi-
Segtﬂ& WA 98195_1830”0’ USA Y gron. ' dopteransManduca sextgJindra et al. 1996) anBlom-

byx mori(Kamimura et al. 1997), and the beeflene-

f,'\f:t?grt];‘ldgéisezmh Institute of Vegetables, brio molitor (Mouillet et al. 1997) and show independent

Ornamental Plants and Tea, Kusawa 360, Ano, Age, temporal and spatial expression patternsDiasophila
Mie 514-23, Japen there is apparently only one isoform of USP (Henrich et
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al. 1994; Huet et al. 1995), but two isoforms have beffiterials and methods
found in bothManduca(Jindra et al. 1997) and the mos- !
quito Aedes aegyptKapitskaya et al. 1996). Experimental animals and culture method

In the polymorphic epidermis dflanduca sextaboth arvae of the tobacco hornwormanduca sextawere reared on
isoforms dOf.ECRhappear at every rgo't’ "&’.‘;fh ECR-B1, artificial diet at 25.5°C in a 12 h light:12 h dark photoperiod as
present during the commitment and predifferentiati@scribed by Truman (1972) and Bell and Joachim (1976). Lights
phases and EcR-A prevailing at the onset of cuticle syif; the beginning of a new day, was set at 00:00 Arbitrary
thesis (Jindra et al. 1996). Additionally, ECR-A is prese#gitgeber Time (AZT; Pittendrigh 1965). Gate Il day 2 fourth in-

during the switching and predifferentiative events necdlar larvae were allatectomized (removal of corpora allata, the
. ource JH) 5-6 h before the head capsule slippage (HCS) stage as
sary for a new synthetic program at the onset of mei@'scribed by Hiruma (1980).

morphosis. The expression of both ECR-B1 and ECR-AThe dorsal abdominal integument of day 2 fourth (one seg-
genes are induced by 20E in cultured day 2 fith (finaflent; 3.5x7.0 mm; 14:00 AZT) and day 2 fifth instar larvae (half

instar larval epidermis (Hiruma et al. 1997). The two is engn‘?”ér;g;Smm”g diﬁo?e?ég)oyvgzrcgﬂt-ﬁreg V(\32||ﬂ(]finSbL:’ga|gieS-0f
forms ofMa_mducaUSP ShQW an intriguing developmen; osotrays; Flow Laboratories) at 25.5°C in a 95% &% CQ at-

tal pattern in the epidermis with USP-1 mRNA and preosphere (Hiruma and Riddiford 1984, 1990). For the JH studies,
tein present during the intermolt period, then disappeglass wells (12 mm diameter, 10 mm high) coated with 1% poly-

ing during the larval and pupal molts when USP&thylene glycol 20,000 were used (Riddiford et al. 1979) to de-

MRNA and protein appears (Jindra et al. 1097; Asahfifg2se e possible adsorptive lass. Adnering fat body was corn-

et al. 1997; Fig. 1). Thus, USP-1 is present at the tiM€,0E was purchased from Rohto Pharmaceutical Co., Japan, or
that EcR-B1 is high during both the larval molt and aias a gift of Dr. Takeshi Matsumoto (99% pure; R. Lafont, per-

the time of pupal commitment in the final larval instasonal communication; Daicel Chemical Co., Japan). JH | was pur-

_ i ti ased from SciTech, Czech Republic. All the media containing
By contrast, USP-2 appears as the ecdysteroid titer jﬁal were sonicated (Riddiford et al. 1979) and prepared one day

creases in _the presence C_)f juvenile horm_one (JH) durfagore the culture, then they were thoroughly vortexed shortly be-
the wandering stage, but is present only in trace amoubis the culture. Whenever the pieces of integument were trans-
during pupal commitment. Transfection studies with tHiered to different medium, they were rinsed with plain Grace’s

i i edium at least twice. The concentrations were determined
ManducaGV1 cell line have shown that the 20E IndudnpectrophotometricalI)££40:12,677 in EtOH for 20E (Lafont and

tion of the transcription factor MHR3 requires the ECF@ViIson 1992), an,,=14.800 in MeOH for JH | (Goodman et al.
B1/USP-1 heterodimer and that the ECR-B1/USP-2 doggs)).

not bind to the MHR3 promoter although both heterodi- Anisomycin (Sigma) at 10 pg/ml was used to inhibit >99% of
mers bind ponasterone A with equal affinity (Lan et dhe protein synthesis in the epidermis during culture (Palli et al.
1998). Thus, the changing combinations of isoforms g%). The ecdysteroid concentration in the hemolymph was mea-

. ; . . I, red by a radioimmunoassay (Warren et al. 1984). The antiserum
this heterodimeric complex during the molt are critic@Jas prepared against 20E and has a five-fold higher affinity for 20E

for the transcription factor cascade and other genes regjan for ecdysone (E) and 3-dehydroecdysone (3DE) (Yokoyama et
lated directly by ecdysteroids to orchestrate the varics1996), and 20E was used as a standard. Labeled ecdyda6e,
developmental events that must occur. 24, 3H(N)]-E (53 Ci/mmol), was purchased from NEN.

JH is normally present during larval life and prevents
metamorphosis by modulating ecdysteroid action at ti@nunoblotting and immunocytochemistry
outset of the ecdysteroid rise for the molt (Riddiford

i i ultured epidermal proteins were extracted in 20 mM 3-(N-
1996). If JH is present, the molt will be to another larva! holino) propanesulfonic acid (MOPS) pH 6.5, 10 mM NaCl.

: : e
i f’ibse’.“’ metam_orph05|s ensues. The molecular bas'?@ﬁ]M MgCl, 1% Triton X-100, and 1 mM phenylmethylsulfonyl

this action of JH is not yet clear although recently JH h@iride (PMSF) by homogenization followed by centrifugation
been found to bind to USP with low affinity and to pra42,000g, 5 min). Protein concentration was determined with the

mote its oligomerization in a yeast system (Jones &fgr protein assay kit (Pierce). Twelve micrograms of total proteins
Sharp 1997). Therefore, it is important to know how ng; separated by 9% sodium dodecyl sulfate (SDS)-polyacrylamide

electrophoresis, then transferred onto Protran nitrocellulose
may regulate the responses of both USP and EcR{dghieicher and Schuell). The filters were blocked overnight in

changing ecdysteroid levels. TBST [150 mM NaCl, 50 mM TRIS HCI (pH 8.0), 1 mM ethylene
In this study we show that JH modulates the resporgisine tetraacetic acid (EDTA), 0.1% Tween 20] containing 5% bo-
of USP-1 but not of USP-2 to 20E. both in vivo and m’ne serum albumin and 5% dried nonfat milk. They were then incu-

. . ted with 6B7 EcR-B1-specific monoclonal antibody (Jindra et al.
vitro. Also, JH has no effect on the initial responses fgg) in TBST (1:700) for 2 h followed by 1 h in 1-1000 goat ant

the EcR isoforms to low amounts of 20E, but preveni®use secondary antibody (Jackson ImmunoResearch Laboratories).
their up-regulation by high amounts. In addition, JH w&stection was performed by chemiluminescence (Renaissance;
found to prolong the half-life of the EcR-B1 protein i uPont NEN) using XAR films (Kodak) or the Molecular Imager

. . ystem, Model GS-363 (Bio-Rad).
the nucleus in the absence of its mRNA. For immunocytochemistry the tissue samples after culture

were fixed for 0.5 h in freshly prepared 3.7% formaldehyde (Fish-
er) in phosphate-buffered saline (150 mM NaCl, 2 mM bRE,,

7 mM Na,HPO,; PBS), then processed using the 6B7 EcR-B1 an-
tibody as previously described (Jindra et al. 1996). Visualization
was with diaminobenzidine (DAB) following incubation with
1:1000 donkey antimouse secondary directly conjugated with per-
oxidase (Jackson ImmunoResearch Laboratories). Pictures of
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these whole mounts were taken with a Sony CCD video came PUPAL
tached to a Nikon Optiphot microscope and processed with Al ECOV3IS HCS ECDYSIS WANDERING  ECDYSIS
Photoshop. \ v i\ v

ECDYSTEROID

RNA isolation and hybridization

Total RNA was extracted from the epidermis by the modi N
method of Chomczynski and Sacchi (1987; Hiruma et al. 19 SRR -
Briefly, after the first precipitation with isopropanol, the RN, € 4th < 5th >
were dissolved in TE (10 mM TRIS pH 8.0, 1 mM EDTA, pH 8.

followed by ethanol precipitation. The RNA concentrations w
determined spectrophotometrically (Davis et al. 1986).
For the detection of EcCR-A-, ECR-B1-, USP-1, and USP-2-« EcR-B1

cific RNAs, cRNA probes were synthesized using RNA polyrr
ase andd32P]-UTP (3000 Ci/mmol; Amersham) as described b

Promega manual. Hybridization and washing conditions at ECR-A \‘_’__J\\ _/_,%
stringency were as described (Jindra et al. 1997). Ch-~

The fluorograms were analyzed by densitometry as previo

described (Hiruma and Riddiford 1990). Fluorograms were

posed for varying lengths of times so as to be within a linear r: W
of detection, or the hybridized filters were analyzed by the M USP-1

cular Imager System, Model GS-363 (Bio-Rad). Each blot ¢
tained standard RNA from day 2 fifth, W0, W1, and W3 epider

for normalization of different blots.

[+2]
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Regulation of USP gene expression

i i i i Fig. 1 Diagrammatic fluctuation of the mRNAs for the ecdysone
Ibn dz%/ﬁ E)urth (pdenultlmate)ltlarval epidermis receptors (EcR-B1 and EcR-A; Jindra et al. 1996) and the Ultra-
y 20-hydroxyecdysone In viiro spiracle homologs [USP-1 (Jindra et al. 1997) and USP-2] in the

) ) dorsal abdominal epidermis dfanducaduring the final two lar-
The level of USP-1 mRNA in the dorsal abdominal epial instars. The fluctuation of USP-2 RNA was determined by dot

dermis of the fourth instar larva is relatively high duringOt analysis using 5 g total RNA at each time poimt3(-4,

: : n+SD). The ecdysteroid and juvenile hormone (JH) titers are
the feeding stage, then declines to a nearly undetect Riddiford (1995) except for the ecdysteroid titer in the wan-

level when the ecdysteroid titer increases during the ing stage (Fig. 8 in this paper). The relative abundance of USP-
to the fifth instar (Jindra et al. 1997; Fig. 1). By contrast nRNA was referred to the levels of RNA in the epidermis of day
USP-2 mRNA increases with the ecdysteroid titer rigdifth instar larvae as HCSonset of head capsule slipp-:ge
during both the larval and pupal molts (Fig. 1). To deter-

mine whether these changes in RNA levels were nll']:%gulation of USP and ECR gene expression

shortly before the rise of the ecdysteroid for the mdit 4y 2 fifth epidermis by 20-hydroxyecdysone

with 2 pg/ml 20E, a concentration previously determinéiid juvenile hormone in vitro

to be sufficient for induction of a new larval cuticle in

vitro (Hiruma et al. 1991). When immediately exposdd the fifth larval instaManduca,abdominal epidermis
to 20E after dissection, no exogenous JH was requird§COMes committed to pupal differentiation on the final

indicating that sufficient JH and/or its effects are preséffty Of feeding (day 3) in response to the small rise of ec-
in the explanted epidermis to prevent metamorpho teroid in the absence of JH (Riddiford 1978; Fig. 1).

(Hiruma et al. 1991). As seen in Fig. 2A, the level Xogenous juvenile hormone prevents pupal commitment

: : ; i he onset of the small rise in ecdysteroid either
USP-1 mRNA remained high during exposure to 2 pg/thi@ven at t | MIS€ ays
20E and showed no differences from tissue incubaf8d/IvO (Truman et al. 1974) or in vitro (Riddiford 1976,
without hormones. Exposure to 5 pg/ml 20E, however: 8). Pupally committed epidermis then normally forms

caused about a twofold decline in USP-1 mRNA levedsPupal cuticle in response to the prepupal surge of ecdy-
by 24 h (Fig. 2A). steroid in the presence of JH (Fig. 1) although it can also

However, 2 pg/ml 20E was sufficient to stimulate @M normal pupal cuticle if the JH is removed (Mitsui
2,5-fold increase in USP-2 mRNA within 3 h and this effnd Riddiford 1976; Kiguchi and Riddiford 1978).

evated level was maintained over the remainder of the
24 h culture period (Fig. 2B). The effective concerb
tration, EG, for the induction of USP-2 by 6 h was SP

about 300 ng/ml 20E (6.3x10M; Fig. 2C). During the feeding phase of the fifth instar USP-1

MRNA is high, then declines in the pupally committed
cells on the day of wandering and is low during the pre-
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Fig. 2A—C Changes in USP-1 A) USP-1
(A) and USP-2R andC) h
mMRNA levels in day 2 fourth
larval epidermis during expo-
sure to 20-hydroxyecdysone
(20E) in vitro.A andB Time
courses during exposure to 2 or
5 pg/ml 20E or to hormone-free
medium No hormonejn=4-12,
mean+SD)C Concentration 0 . . . .
response of USP-2 mRNA to 0 6 12 18 24
20E after 12 h culturen€s,

meanzSD). The relative abun- B) USP-2
dances of USP-1 and USP-2
mMRNAs were referred to the
levels of RNA in the epidermis
of day 2 fifth instar larvae as 10
and 1, respectiveiy

No hormone

20E (2 pg/ml)

20E (5 pg/mi)

Relative abundance

. C)USP-2

20E (2 pg/mi)

5] w

Relative abundance
.—o—
o]
o

No hormone

Relative abundance

o T T T J 0 -+ rem
0 3] 12 18 24 0 10 100 1000 10000
Culture time (hr) 20E (ng/ml)

pupal period (Jindra et al. 1997; Fig. 1). By contragmportantly, exposure to high concentrations of 20E (2
USP-2 mRNA is quite low until the prepupal moltingr 5 pg/ml) for 24 h was unable to cause a decline in
surge of ecdysteroid (Fig. 1). When day 2 fifth instar egi!SP-1 mRNA, even when 1 pg/ml JH | was present
dermis was exposed to 500 ng/ml 20E, which causes (=4, data not shown).

pal commitment of all the epidermal cells by 24 h The presence of 1 pg/ml JH | in the culture medium
(Riddiford 1978; Riddiford et al. 1986), USP-1 mRNAompletely suppressed the later inductive action of 20E
remained at its preculture level until 12 h (Fig. 3A). kn USP-1 mRNA (Fig. 3A). In the absence of 20E, this
then increased about fivefold by 19 h followed by @ncentration of JH | had no effect on USP-1 mRNA
slight decline. Northern hybridization detected only lavels which remained constant for 24 h either in its
4.5 kb USP-1 transcript at 19 h, indicating that this in-
crease was due to the same transcnip#d{ data no

- . o A) USP-1 1 E
shown). This later increase was sensitive to low leve ) 1 BusP2
20E with an EG, of about 50 ng/ml (18 M; Fig. 3C). é o
a
s
Fig. 3A, B Changes in USP-1 n£16) and USP-2 ne24) §2°' 3 3
(mean+SD) mRNA levels in day 2 fifth instar larval epidermis 1 S0+ U
during exposure to 500 ng/ml 20E, 1 pg/ml JH I, or 500 ng/ml 20E°% p = oy 2 ) T i o %
and 1 pg/ml JH 1 in vitro. The epidermis that was cultured with JH Culture time (hr) Culture time (hr)

| was pre-incubated with 1 pg/ml JH | for 1-3 h, then transferred
to the medium containing both 500 ng/ml 20E and 1 pg/ml JH I.w C) USP-1
The epidermis that was not cultured with JH | was incubated in

plain Grace’s medium during this pre-incubation peri6d.D g 50 +
Concentration responses of USP-1 and USP-2 mRNAs to 2§E4o
Day 2 fifth epidermis was cultured with various concentrations gfap
20E in the presence (only for USP-2) and absence of 1 pg/ml JEJF

for 18 h. When JH was used, the pieces were pre-treated with ﬁ-i

as forA and B (n=4, mean+SD)E Concentration response ofé !
USP-1 mRNA after 18 h exposure to various concentrations of JHD. - - . .
I in the presence of 500 ng/ml 20E in vitm=8, meantSD). The o 10 100 1000 10000 O 10 100:  100d; ‘10000
pieces of day 2 fifth epidermis were pre-cultured for 1-3 h with 20E (ngimi) #E ol
the same concentrations of JH | that were used for the concentra-

tion response. They were then transferred to the medium contaigy, E) USP-1 F) USP-2
ing JH | and 20E, and cultured for 18 i Effect of the protein 'I'
synthesis inhibitor, anisomycin, on the induction of USP-2 mMRNA % + %

D) USP-2

-8 20E only
-0~ 20E + 1 pgimi JH 1

o = N w & 0 O

wn
]

-
1

by 20E in the presence or absence of JH I. Day 2 fifth instar
dermis was cultured in 500 ng/ml 20E+1 pg/ml JH | with or W|th§ s
out 10 pg/ml anisomycin (AMC) for 6 h, then the RNA was e>§
tracted and analyzed by dot blot hybrldlzatlon In this conditioB, 201
>99% protein synthesis was prevented (Palli et al. 1992). Congojo

levels of USP-2 RNA in epidermis incubated only with anisomy- 4
cin or in the absence of hormones (NH) are also shBars re- o i 8 R
present averages{8-12, meantSD). The relative abundances JH 1 (ng/ml) o

Relative Abundance
L] w
1 1
NH
JHI
AMC
. ——— el ]
20€
20E + AMC

were as described in Fig. 2
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A) USP-1 B) EcR-B1
Culture Regimen (hr) Relative Abundance Relative Abundance
(l} 3 6 9 12 15 1|80 25 50 0 30 69

ulture

Pre-cultured with JH |

&a ‘ u L

I 20E [J 20E+JHI

Fig. 4A, B The timing of JH | addition necessary to suppress tiiFig. 3F), indicating that the induction by 20E was direct

expression of USP-1A() and EcR-B1 B) in day 2 fifth epidermis idi inti
in vitro. One pg/ml JH | was added to the medium containi raél;lgrr than through an ecdysteroid-induced transcription

500 ng/ml 20E at various times as indicated in the figure. Pre-c . . .
ture with 1 pg/ml JH | was performed 1-3 h. When the pre-culture JH | (1 pg/ml) had little effect on the induction of
was not performed, the pieces of epidermis were incubatedUSP-2 mRNA by 20E, either in terms of the time course
Grace’s medium for the equivalent time. The time of the additiggg_ 3B) or the concentration response curve (Fig. 3D).
of 20E was set as the start of culture. The relative abundanc : ;

USP-1 mRNA was as described in Fig. 2, and that of ECR-B1i en day 2 eplde_rmls was exposed to JH | alone or to
referred to the levels of RNA in the epidermis of day 2 fifth instflormone-free medium, no increase of USP-2 mRNA was
larvae as 10nE4-8, mean+SD)eNot significantly different at observed (Fig. 3B). Thus, USP-2 mRNA is directly in-
P=0.057% ducible by 20E but is unaffected by the presence or ab-

sence of JH.

presence or absence (Fig. 3A). The suppressive action of
JH | on the later 20E-induced increase in USP-1 mRNZR
increased with the log of the JH concentration above
10 ng/ml (3x168 M; Fig. 3E). In all these experimentsPrevious studies showed that culture of day 2 fifth larval
with JH |, the epidermis was precultured with JH | fagpidermis with 500 ng/ml 20E caused increases in both
1-3 h before 20E was added and JH was presBoR-A and EcR-B1 mRNAs with EcR-B1 RNA showing
throughout the exposure to 20E. To determine the critieabiphasic response with peaks at 3 and 18 h (Hiruma et
time for this suppressive action of JH, we transferred thle 1997). Figure 5A and B confirms this finding with
pieces to JH-free medium containing 20E at vario@8E and further shows that the presence of 1 ug/ml JH |
times. Figure 4 A shows that the 1- to 3-h pretreatmératid no effect on the initial 20E-induced increases in the
with JH followed by culture in 20E alone was sufficierfEcR mRNAs. The presence of JH | however prevented
for the suppressive effect of JH on the later 20E-induct@® second increase in EcR-B1 mRNA (Fig. 5A) and
increase in USP-1 mRNA. No significant difference wasused a decline in ECR-A mRNA to levels seen in epi-
found between 1 and 3 h pre-culture with JH4§; data dermis cultured in hormone-free medium by 12 h
not shown). When the tissue was first exposed to 20E (Big. 5B). This effect of JH | on both EcR-B1 and EcR-A
various times, then transferred to medium containingRNAs was concentration-dependent when assayed af-
20E and JH I, the suppressive effect of JH was lost e 18 h culture with 20E with suppression first seen at
tween 9 and 12 h exposure to 20E (Fig. 4A), approxbout 1 ng/ml for EcR-A (Fig. 5D) and 10 ng/ml for
mately the same time when addition of JH was no londerR-B1(Fig. 5C). Exposure to only JH | had no effect on
able to prevent the 20E-induced pupal commitment @ther ECR-B1 or ECR-A mRNA expression after 24 h in
most of the epidermal cells (Riddiford 1978). vitro which showed similar slight increases in either hor-
In contrast to USP-1 mRNA, USP-2 mRNA rapidlynone-free or JH-containing medium over this time peri-
increased from its initial low levels in day 2 fifth epidered (Fig. 5A, B).
mis (Fig. 1) in response to 500 ng/ml 20E, nearly dou- As with the suppressive effect of JH on the later 20E
bling by 1 h followed by a slow steady increase to a tirduction of USP-1 mRNA, the initial 1- to 3-h exposure
pling of the initial level by 24 h (Fig. 3B). This inductiorto JH | (with no significant difference between the two
of USP-2 mRNA had an Eg of 300 ng/ml 20E preculture periodsn=8) was sufficient for the later in-
(6.3x107 M; Fig. 3D), the same as found for the fourthibitory effect on EcR-B1 expression at 18 h (Fig. 4B).
instar epidermis (Fig. 2C). Moreover, this induction dfhe loss of responsiveness to JH | after exposure to 20E
USP-2 mRNA was unaffected by the presence alone was between 12 and 15 h (Fig. 4B), slightly later
10 pg/ml anisomycin, a protein synthesis inhibitdhan seen for USP-1 mRNA (Fig. 4A). Similar effects



A) EcR-B1

20E

604

23

(Fig. 5A). Immunocytochemical studies with the 6B7
mADb specific for ECR-B1 (Jindra et al. 1996) showed that

all the EcR-B1 protein was located in the general epider-
mal nuclei, irrespective of the hormonal conditions, and
that after 24 h culture levels were similar between those
treated with 20E and with 20E and JH | (Fig. 7, top).

20E+JHI

20 i

No hormone

0 - Many trichogen and tormogen cell nuclei showed high

Relative Abundance

No hormaone

o 6 12 18

culture time (hr)

24 0 ;] 12 18

culture time (hr)

EcR-B1 levels after 24 h exposure to 20E, but had little or
no EcR-B1 if JH was present. Neither the attached trache-
ae nor the remaining stubs of the intersegmental and in-
trasegmental muscles showed any nuclear labeling with
EcR-B1 during this 24 h culture period (data not shown).

EcR-A protein also persisted in the nucleus in epidermis
exposed to 20E and JH for 24 h (Fig. 7, bottom) despite
the decline in mMRNA accumulation (Fig. 5B).

These results suggest that the EcR-B1 protein either
has a long intrinsic half life or persisted longer due to the
JH, or both. To distinguish between these possibilities,
we cultured day 2 fifth epidermis in medium containing
Fig. 5A, B Changes in EcR-BIA{ n=20), and ECR-A; n=20, bo'ig_g(io ng/ml 20E and 1 pllg/ml f]H | for 6][1 to 3||_OW the__
mean+SD) mRNA levels in day 2 fifth instar larval epidermis du":=C protein to accumulate, then trans e_rre It t(_) €l
ing exposure to 500 ng/ml 20E, 1 pg/ml JH 1, or 500 ng/ml 2dlker hormone-free or 1 pg/ml JH I-containing medium
flnd 1 pg/ml JE lniar:jvit_rtcr)].;hg/ﬁ]ﬁigﬁrﬂigrt?a; Vr\llatshglrjnlttl:;?gf\gritrg dJk‘.lr variogs times and analyzed C';he Ie\éels ofhEcR%Bl

was pre-incubated with L -5, A and protein. Figure 6B and C shows that after
the medium containing both 500 ng/ml 20E and 1 pg/ml JH I. T . :
epidermis that was no% cultured Wit% JH | was incuggted in Grac@nsfer _to hormc_)ne-free conditions, .ECR'Bl proteln I'ev-
medium during this pre-incubation peria@, D Concentration re- €IS declined rapidly to those seen in tissue maintained
sponse of EcR-B1 and EcR-A mRNA after 18 h exposure to vatentinuously in hormone-free medium by 6 h. A slower
?éls(»ng%ncnﬁgggfjggs) OH(': 'i?cézeo?rﬁie”f‘?if?ﬁ SeO?dg%r?s! @%Eein ;dbcline was seen in tissue transferred to JH I-containing
cultured for 1-3 h with th% same conZentrationg of JH | thatvr\)/ edium so that basal levels were not attamed until 13 h,
used for the concentration response. They were then transferrég¥ocontrast, ECR-B1 mRNA declined rapidly to the basal
the medium containing JH | and 20E, and cultured for 18 h. Tlevel within 3 h after transfer to the medium without
relative abundances of EcR-B1 and EcR-A were referred to the IRQE, irrespective of the presence or absence of JH |
els of RNA in the epidermis of day 2 fifth instar larvae a= 10 (Fig. 6D). Thus, the half life of the protein is longer than

that of its MRNA, but in addition, JH somehow causes an

were found for the regulation of EcCR-A expression by Jdtlditional stabilization.

| (n=4-8; data not shown).

Thus, the suppressive effects of JH on the later ex-
pression of USP-1 and EcR-A and -B1 mRNAs to 20Hfects of allatectomy on prepupal development
are specific to these mMRNAs and not shared by USR+#d EcR and USP expression
MRNA.

®] | C) EcR-B1 D) EcR-A
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Normally during the prepupal surge of ecdysteroid, JH
reappears irManducahemolymph (Baker et al. 1987)
and prevents precocious adult differentiation of some of
the imaginal tissues (Kiguchi and Riddiford 1978). To
determine whether this JH has any influence on the pat-
Day 2 fifth epidermis contains a very low amount of EcRerns of expression of ECR and USP in the abdominal
B1 protein (Jindra et al. 1996). When day 2 fifth epideepidermis at this time, we studied the effects of removal
mis was cultured with 500 ng/ml 20E, the EcR-Blproteof the corpora allata (the source of JH) and of JH | re-
as detected by immunoblotting began to increase witlplacement on prepupal development and on levels of ECcR
3 h (data not showm=4) and by 6 h was clearly muchand USP mRNAs. Fourth instar larvae were allatectomi-
higher than that seen in hormone-free medium (Fig. 6&ed 5-6 h before the head capsule slippage (HCS) stage
By 24 h, the level of ECR-B1 in the tissue had increasddring the molt to the fifth instar after the critical period
still further (Fig. 6A). When 1 pg/ml JH | was preserfor JH for production of a larval cuticle but before the
with the 20E, EcR-B1 protein increased with the sargtical period for cuticular melanization (Hiruma and
time course and remained high through the 24 h cultiR&diford 1985). After this operation, JH is undetectable
period (Fig. 6A), even though the mRNA declined aftén the hemolymph of day O fifth instar larvae (Goodman
the initial increase at 3 h culture (Fig. 5A). No increase ef al. 1995) and the feeding period of the fifth instar lar-
EcR-B1 protein was observed in hormone-free mediwae was shortened to 3.65+0.48 days (mean+SD23)

(Fig. 6A) despite the slight increase in ECR-B1 mRN#&om 4.38+0.49 days (meanzSD+63) for intact larvae

Juvenile hormone prolongs the presence
of the ECR-B1 protein, but not its mMRNA
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Fig. 6A-D Persistence of the ECR-B1 protein in the presence ($#<0.0001). These larvae prematurely wandered either

JH | as detected by immunoblottindy.Day 2 fifth epidermis was i -
cultured with 500 ng/ml 20E with or without 1 pg/ml JH | for Gggr\?:gg I((Glajﬁh??ar?(; Ig%ydi?OI,(é;?fS?g)as previously ob
12 and 24 h (a typical result of eight repea@s)D Day 2 fifth epi- y Riguc ) /" .
dermis was cultured with 500 ng/ml 20E in the presence of After wandering, ocellar retraction is one of the first

1 pg/ml JH | for 6 h, then transferred to 20E-free medium with anajor externally visible morphological changes that is
without 1 pg/ml JH | and incubated for the indicated number ghysed by the prepupal rise of the ecdysteroid titer (Tru-
hours on the figured8 immunoblot typical of four repeats, ad %ﬁen and Riddiford 1974), then pupation occurs 3 days

shows the average intensities of each band of EcR-B1 pro . .
(n=4). The average abundance of epidermal EcR-B1 protein at@iel- Figure 8A and B shows that the timing of ocellar

culture with 500 ng/ml 20E for 6 h was set as IDOThe average retraction was little affected by allatectomy, but that pu-
abundance of ECR-B1 mRNA=4). The relative abundance of thepation was delayed by an average of about 18 to 20 h.

mRNA was as described in Fig. 4. A piece of the cultured inte i ; _
ment was bisected, and one half was analyzed for protein an%oereover, the timing of pupation was not as synchro

other for RNA, so tha€ andD could be compared in the identi-"1OUS in allatectomized larvae as in intact larvae. When
cally treated epidermis. Therrowsin A and B indicate EcR-B1 10 pg/ml JH | was applied to the allatectomized larvae
(NH no hormone}; on the day of wandering, pupation occurred at the same

time as that of intact larvae (Fig. 8B).

Fig. 7 Immunocytochemical | =
analysis of day 2 fifth epider- = =
mis after 24 h in vitro using
1:1000 anti-EcR-B1 monoclo- |~ -
nal antibody (6B7; Jindraetal. = -
1996;top) and 1:3000 polyclo- '«
nal EcR-A antibody (Hegstrom = -
et al. 1998potton). Day 2 fifth
epidermis was cultured as de- = ——"
scribed in Fig. 6A, then pieces
were examined at 6, 12 and

24 h. Only 24 h cultures are
shown and are representative o
six different animals assessed
for each treatmenArrow indi-
cates trichogen and tormogen
cell nuclei lacking EcR-B1 im-
munostaining Bar 50 um?
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EcR-A, USP-1 and USP-2 mRNAs during prepupal development.
s~ C) Ecdysteroid titer The RNAs were from larvae at 19:00 to 20:00 AZT in each day_
except for the final point, just after pupal ecdysis. The experimen
5. tal manipulations were performed as described in Fig. 8. The rela-
‘:1’;‘:"" ,*\‘ tive abundances of RNAs were as described in Figs. 2 and 5
41 4 cANHI ) \ (n=7-8, mean+SL)

ation
< tomized larvae were similar to those of intact larvae for
the first 2 days after the onset of wandering. Then they
all increased in the allatectomized larvae on the third day
8 -0-8 rather than declined as seen normally in intact larvae.
wo ' w1 w2 w3 wa W5 This increase is correlated with the increase of ecdyste-
roid at this time in the allatectomized larvae (Fig. 8C).

Fig. BA-C Effect of allatectomy on the timing of ocellar retrac : ; _ ; ;
tion (A), pupal ecdysisR), and ecdysteroid titer in the hemo-The increase in USP-1 mRNA was relatively slight but

lymph (1=3-4, mean+SE).q) during pupal development. i, these significantly higher levels compared to those in in-
four points before the pupation in both intact and allatectomiztaCt larvae P=0.0006) were maintained until pupal ec-
larvae were “tan metathoracic bar” (TM) stage, TM+6 h, onset @{sis despite the decline in ecdysteroid titer (Fig. 8C).
molting fluid resorption in the anterior abdomen and posterior aht contrast. the decline in EcR-A and EcR-B1 mRNA
domen (19, 6, 4, and 2 h before pupal ecdysis), respectively. Al a1¥ | d ! 4 and lleled th T |
ectomy was performed 5-6 h before head capsule slippage (HEY€IS on days 4 and 5 paralleled that seen in intact lar-
see Materials and methods). Under these conditions, all the larvae on days 3 and 4 and is likely due to the decline in ec-
ecdysed to melanized fifth instar larvae (Hiruma and Riddifodysteroid. The delayed accumulation of USP-2 mRNA
1985). Ten micrograms of JH | dissolved in 1 pl cyclohexane wegd jts subsequent decline in the allatectomized larval

topically applied to the dorsal region of the allatectomized larvae. . : . : .
on the day of wandering stage [15:00 Arbitrary Zeitgeber Tiﬂ%%'d_ermIS (Fig. 9) clearly m_lrrored th.e delayed rnse and
ecline of the ecdysteroid titer in these animals

(AZT), WO
(Fig. 8C), similar to its normal expression in vivo
(Fig. 1). The absence of JH had little effect on peak ac-
In both intact and allatectomized larvae, the ecdysttmulation of USP-2 mRNA. Application of 10 pug JH |
roid titers in the hemolymph were low until the begirto the allatectomized larvae on the day of wandering re-
ning of the second day after wandering when they begaiored the normal patterns of mRNA expression. Thus,
to increase (Fig. 8C). The peak of ecdysteroid was dbhe pattern of expression of USP-2 induced by ecdyste-
served in intact larvae at 18:00 AZT on this day and 12did during the pupal molt is little changed by the ab-
later in allatectomized larvae. Application of 10 pg/ndence of JH whereas those of USP-1 and of the two EcRs
JH | on the day of wandering restored the normal timiage altered such that the rising ecdysteroid causes in-
of the ecdysteroid titer. These results indicate that the deeases rather than decreases in these mMRNAs.
lay of pupation in allatectomized larvae is due to the de-
lay in the rise of ecdysteroid in the absence of JH during
the prepupal period just as was found in the cabbageDiscussion
myworm,Mamestra brassicagHiruma 1986).
Figure 9 shows that the levels of USP-1 and the Etiect molting and metamorphosis are orchestrated by
MRNAs in the dorsal abdominal epidermis of allateeedysteroids with JH acting to prevent the switching ac-

Ecdysteroids (pg/ml)
5] w

-
L

o
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tions of ecdysteroids necessary for metamorphosiglysteroid-responsivelanducaGV1 cell line (Lan et
(Riddiford 1996). InDrosophilawhere most larval tis- al. 1998). The ECR-B1/USP-2 heterodimer neither binds
sues are discarded at metamorphosis and the puparerdactivates this promoter although it binds ponasterone
adult are formed from imaginal discs, this action of JH #s with equal affinity to that of EcCR-B1/USP-1. In the
limited to a few tissues: namely, the cerebral nervoepidermis USP-1 mRNA has declined to low levels
system (CNS) that shows considerable remodeling d(lindra et al. 1997) by the time that MHR3 is being in-
ing metamorphosis (Truman and Bate 1988; Restifo athaced (Palli et al. 1992; R. Langelan, K. Hiruma, S. R.
Wilson 1998) and the abdominal histoblasts which dRalli, and L. M. Riddiford, in preparation). Presumably
not divide until the onset of metamorphosis (Postlethwaiifficient USP-1 protein is still present at this time to
1974). By contrast, in Lepidoptera most tissues are pafticipate in the induction. Since the presently available
modeled at metamorphosis for their new adult roles, ad8P antibody detects both isoforms and the latter differ
these processes are initiated by ecdysteroids acting indhly slightly in molecular weight, the distinction be-
absence of JH. The critical time for this action of JH is @teen the two when both are present is equivocal (Asah-
the outset of the ecdysteroid rise (Riddiford 1996),ima et al. 1997).
time when the ecdysteroid-induced transcription factor Our present studies show that USP-2 mRNA is up-
cascade is being initiated [reviewed f@rosophila regulated rapidly by concentrations of 20E above
(Thummel 1996) and foManduca (Riddiford et al. 100 ng/ml (EG=2%10"7 M), hence its appearance in vi-
1998)] and a time when both qualitative and quantitative early during the ecdysteroid rise for the molts. By
changes in the ECR/USP heterodimer may occur (Jindoatrast, the down-regulation of USP-1 RNA in fourth
et al. 1996, 1997). IManducaepidermis the presence ofnstar epidermis in vitro required high levels of 20E
JH prevents the 20E induction of the RNAs for the Bro&d4x106 M 20E). Recent radioimmunoassays with the
Complex transcription factors which first appear at tlatibody used here with high affinity for 20E (Yokoyama
time of pupal commitment of the epidermis (Zhou et @t al. 1996) show that peak levels of 20E during the
1998b) and enhances the levels of the RNA for the 2G&urth instar molt of Manduca are about 8x1§ M
induced early E75 A transcription factor (Zhou et aF. Malone and L. M. Riddiford, unpublished), a somewhat
1998a). The present studies have concentrated on thénigfher level than the 6x1®M 20E equivalents previous-
fects of JH on the 20E-induced changes in the two mes-determined by Curtis et al. (1984). Thus, USP-1
bers of the EcR heterodimer, EcR and USP. MRNA is down-regulated in vitro by physiologically rel-
These studies have shown that the appearanceevdnt levels of 20E but not as rapidly as seen in vivo
USP-2 mRNA inManducaabdominal epidermis duringwhere levels are already basal by several hours before
both the larval and pupal molts (Jindra et al. 1997) is dke peak of the ecdysteroid titer (Jindra et al. 1997). The
pendent solely on the increasing ecdysteroid titer, but fimeling that the down-regulation of USP-1 mRNA by ris-
normal loss of USP-1 mRNA in response to high ecdiyg ecdysteroid during the pupal molt requires the pres-
steroid at these times depends on the presence of JHence of JH suggests that the presence of JH, albeit at de-
the absence of JH, USP-1 mRNA persists at high leveling levels (Fain and Riddiford 1975; Hidayat and
during exposure to ecdysteroid. Larval epidermis also @eodman 1994), may also be important in modulating
sponds immediately to an increase in 20E by accumuldie responsiveness of USP-1 mRNA during the larval
ing both EcR-B1 and EcR-A mRNAs with differing dymolt. Although sufficient JH and/or its effects are pres-
namics, but neither the levels nor the timing is dependent in this epidermis at the time of explantation to allow
on JH (Jindra et al. 1996; Hiruma et al. 1997, these stadarval molting response to 4x2M 20E (Hiruma et al.
ies). Once the epidermis becomes pupally committd®91), it is not sufficient for the normal down-regulation
however, both ECR mRNAs are up-regulated by 20E oh USP-1 mRNA by 20E.
the absence of JH but down-regulated by 20E in its presDuring the pupal molt the up-regulation of USP-2
ence. MRNA by the rising ecdysteroid was unaffected by the
presence or absence of JH. The only effect of allatecto-
my was a delay in the USP-2 peak expression which par-
Control of USP isoform switching during the molt alleled the delay in the prepupal ecdysteroid peak. By
by 20E and JH contrast, the down-regulation of USP-1 mRNA did not
occur in the absence of JH in the allatectomized larvae.
Although Drosophilaapparently has only one isoform ofnstead with the increasing ecdysteroid titer, USP-1
USP, mosquitoes (Kapitskaya et al. 1998)anduca mRNA levels rose slightly and remained high until pupal
(Jindra et al. 1997)hnd ticks (Guo et al. 1998) have twacdysis. Whether or not this mRNA is still translated into
isoforms of this heterodimeric partner for ECR. Relativerotein cannot be determined at present as discussed
ly little is known about the function of these differerdbove. The biological consequence of this continued
isoforms. InManducaepidermis there is a switch fromhigh level of USP-1 mRNA is clear since on a gross level
USP-1 to USP-2 mRNA (Jindra et al. 1997) and protdime abdominal epidermis produces an apparently normal
(Asahina et al. 1997) during both the larval and pupalpal cuticle in the absence of JH either in vivo (Kiguchi
molts. Only the EcR-B1/USP-1 heterodimer is able #mnd Riddiford 1978) or in vitro (Mitsui and Riddiford
bind to and activate the 4.5-kb MHR3 promoter in tHE76). An increase in USP-1 mRNA is normally seen in
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both pupal wings and dorsal thorax at the time of theease in the final 12 h. By contrast, ECR-A increases
peak of the ecdysteroid titer for the adult molt (Jindra miore slowly but steadily. When JH was present, the early
al. 1997). Yet after injection of pyriproxifen, a JH mimicesponses of both EcRs to 20E were unchanged whereas
to cause the formation of a second pupal cuticle, USBR& responses during the second 12 h were prevented.
MRNA decreases with the rising ecdysteroid titer (F. M&imilarly, the increase of USP-1 mRNA to 20E during
lone and L.M. Riddiford, unpublished) as seen in bothe last 12 h was prevented by JH. By contrast, JH had
the normal larval and pupal molts. Thus, the presencenofeffect on the pattern of USP-2 accumulation through-
JH seems to be necessary for the down-regulationoat the culture with 20E. Under these culture conditions,
USP-1 by 20E in the epidermis. the mRNA for the transcription factor E75A was rapidly
induced to maximal levels by 2—3 h exposure to 20E,
then declined to low levels by 6 h which were main-
Influence of JH on patterns of ECR and USP tained until 24 h (Zhou et al. 1998a). In this case, the
during pupal commitment and subsequent differentiatiggresence of JH increased the mRNA abundance nearly
twofold but did not change the pattern of accumulation.
Normally the epidermis is pupally committed by expdfhe RNAs for the BRC transcription factors which in
sure to a small transient increase in ecdysteroid in tanducafirst appear in the epidermis at pupal commit-
absence of JH on the final day of feeding (day 3 of theent only appeared in this cultured epidermis after 6 h
fifth instar; Riddiford 1978; Wolfgang and Riddifordof 20E, then increased over the next 18 h (Zhou et al.
1986). This pupal commitment occurs on a cell-by-cdlP98b). The presence of JH prevented their appearance
basis over the abdominal segment during about a 24thany time during the 24 h exposure to 20E. Thus, JH
period as assessed by the ability of the cells to make affiects the response of each of these genes to 20E differ-
pal cuticle despite being challenged with a larval moltirently, having no early effects on the responses of EcR
environment by implantation into a molting fourth instaand USP, preventing the up-regulation of BRC and quan-
larvae (Riddiford 1978) and by their inability to makétatively regulating the level of the E75A mRNA in-
another larval cuticle if given JH during this period (Truduced. None of these genes show any response to JH
man et al. 1974). The wandering behavior that begi@ene. These results suggest that the later effects of JH
early the following day is also initiated by this transiemin the expression patterns of EcCR-A, ECR-B1, and USP-
ecdysteroid in the absence of JH (Dominick and Trumarare the results of differences in the transcription factor
1985). The day after the onset of wandering, the ecdystascade induced by 20E alone and by 20E in the pres-
roid titer begins to rise again, slowly at first, then moence of JH. These differences could be due to the differ-
rapidly to its peak on the second day (Kato and Rid@inces in E75A and BRC levels discussed above or to
ford 1987; Fig. 8C). Coincident with and caused by tls®@me other factors not yet identifiedNtanduca
slow rise in ecdysteroid is an increase in mitotic rate inIn all the in vitro cultures with JH discussed above,
the epidermis (Kato and Riddiford 1987) accompanidide epidermis was preincubated with JH for 1-3 h before
by cellular changes necessary to turn a larval abdontlea addition of 20E since this regimen had been found
into a pupal abdomen (Locke and Huie 1981; L.Mecessary for the prevention of pupal commitment in all
Riddiford, unpublished) before the pupal cuticle is déie cells (Riddiford 1978). After simultaneous exposure
posited during the decline of the ecdysteroid titer on ttee 20E and a JH mimic epoxygeranylsesamole (EGS),
third day after the onset of wandering (Sedlak and Géleme cells became pupally committed (Riddiford 1978).
bert 1979; Kiely and Riddiford 1985). In the followindBy 9 h exposure to 20E, the addition of JH was unable to
discussion, the cellular events caused by the rising ecpsevent pupal commitment in 60% of the cells and by
steroid prior to pupal cuticle deposition will be groupetb h all cells had lost their responsiveness to JH. In the
together and referred to as “pupal predifferentiatipgesent experiments the preincubation with JH | was suf-
changes”. ficient to inhibit the later changes in EcCR and USP-1
When exposed to 500 ng/ml (BaM) 20E in vitro [a mRNAs in response to 20E. Since the half life of JH | in
concentration 4 times higher than that seen in viday 2 epidermis is 21 min (Mitsui et al. 1979), the JH |
(Wolfgang and Riddiford 1986)], day 2 fifth larval epiin the epidermis should be reduced to abouf M by
dermal cells become pupally committed over a 24 h peabout 4 h after transfer to hormone-free medium. How-
od with some cells requiring longer exposures than ottver, the cuticle retains about 3-4% of the JH taken up
ers as is also seen in vivo (Riddiford 1978; Mitsui arfiflitsui et al. 1979) which likely slowly leaches into the
Riddiford 1978; Riddiford et al. 1986). Pupal commitepidermis under the hormone-free conditions so physio-
ment of about half of the cells is complete by 14 Ibgical concentrations of JH [2x3®/ at the time of the
(Riddiford 1978; Mitsui and Riddiford 1978). Duringfourth instar molt (Fain and Riddiford 1975] are proba-
such an exposure to 20E, the changes in both EcR-A ahdmaintained for some time after the transfer.
-B1 mRNAs (Hiruma et al. 1997; Fig. 5A, B) are similar The changes seen in the second 12 h of exposure to
to those seen in vivo during day 3 and wandering to th@E alone are either simply those of pupally committed
beginning of the day after wandering (Jindra et al. 199&lls or possibly associated with the onset of the pupal
see Fig. 1). Thus, EcR-B1 shows a biphasic respompsedifferentiative phase in these cells during the contin-
with a rapid initial increase followed by a second inted exposure to 20E since the 20E is not metabolized by
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the epidermis during the culture period (Hiruma et dation rate of the low level of mMRNA present. Prelimi-
1997). Apolysis but no cuticle production is evident afteary immunocytochemical experiments with the USP
24 h exposure to 20E, and wandering stage epidermisnoclonal antibody that detects both isoforms (Asahina
must be exposed to the low concentration of 2@Eal. 1997) show similar levels in tissue treated with 20E
(500 ng/ml) used here for 4 days to obtain a new cutie®ne and 20E with JH (Asahina and Riddiford, unpub-
(Mitsui and Riddiford 1976). The responses of EcR-Aished). For further analysis an antibody specific to one
EcR-B1, and USP-1 mRNAs during this time are similaf the isoforms is needed.
to those seen in epidermis of allatectomized larvae dur-These studies have thus shown that initial responses
ing the pupal molt when no JH is present (Fig. 9). Thi$ ECR-A and EcR-B1 in larval epidermis to 20E are un-
effect of 20E can be inhibited by JH when added at aamfjected by JH but only their later responses as the cells
time up to 12 h after exposure to 20E, then as over 5a% becoming pupally committed are altered. Also, the
of the cells become pupally committed, JH seems to lasgulation of USP-2 mRNA by 20E is not affected in ei-
its effectiveness. Yet during the pupal molt in vivo thifier pattern or amount by JH. By contrast, the down-reg-
up-regulation by 20E in allatectomized larvae can be wation of USP-1 mRNA by 20E appears to require the
hibited by JH application during the wandering stagmesence of JH. The basis of this action and its biological
when all the epidermal cells are pupally committesignificance remain unclear. These results and the ab-
(Riddiford 1978), indicating that pupally committed cellsence of any effect of JH by itself on the levels of either
can respond to the JH. The lack of effect of JH in vittdSP mRNA indicate that if USP were the biological re-
on these mMRNA levels at 18 h when added after 12—16dptor for JH as proposed by Jones and Sharp (1997),
exposure to 20E likely simply reflects the short time ithen it behaves much differently than EcR (Karim and
terval between application and analysis since the levelldfummel 1992; Jindra et al. 1996; Hiruma et al. 1997)
MRNA at the time of application is high. and thyroid hormone receptors (Tata 1996) which are up-
In contrast to pupally committed epidermis, 50% a@&gulated by their ligands.
the day 2 fifth larval epidermal explants formed a new
larval cuticle after exposure to 1 pg/ml 20E and 3 ug/,/mknowledgements We thank Dr. T. Matsumoto for the 20E,
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