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Li, Hao, Doug Harrison, Grace Jones, Davy Jones, and Robin L. tions of ecdysteroids are genome based (Levine and Weeks 1996;
Cooper. Alterations in development, behavior, and physiology iSegraves 1994; Thummel 1996). There is also a substantial accu-
Drosophilalarva that have reduced ecdysone productibiNeuro- mjating literature documenting nongenomic effects, especially of
ggxi:g\'/i??'toggx_ol;:ﬁOﬁgoibp\l’i\ézti'gxe;t'g?éigoﬁzhZﬂgr;‘eﬁcgst'g:‘;ﬂh?mbran_e—bound steroid receptors that cause relatively rapid
structure for differences between the reduced ’ecdysone genot)l/% Anges in Ce”“"'_"r Processes (Baul!eu 1997; Benten 1999' Cha_mg
ecd/ecd, and wild-type controkcd/TM6B animals during the early nd Chang 1999; Christ et al. 1999; Hanaya et al. 1997’ Sc'hmldt
and late third instars when raised at 25°C. B mutants were able €t @l- 1998; Watson and Gametchu 1999). We have investigated
to survive through larval development and form pupae. However, tfiee development and maintenance of motor neuron structure,
results demonstrate that the time to pupation is lengthened by abftiiction, and sensitivity to exogenous application of ecdysone
50 h for theecd/ecd as compared with the wild-type control siblings.using theecdysonelessiutant strain oDrosophila ecd, which

In addition to the lengthened larval cycle in the mutaettd/ecd”  contains a recessive, temperature-shock-sensitive allele of a gene
animals, they also display behavioral differences as compared wiijuired for ecdysteroid production. The homozygmd/ecd is
controls. The rate of body wall contraction and mouth hook movesng| ethal at 29°C, but at 25°C, it will survive to the late third
ments are reduced in the early third instaresti/ecd" as compared jnstar (Henrich et al. 1993), thus allowing behavioral, anatomical,
with controls. The physiological measure of excitatory junction pog-rmI physiological studies.

tential amplitude for the combined Is and Ib terminals did not reve S isinalv. th f tudi f . fi f
any differences among the two genotypes during the early third instar>U"PrSINgly, there are few studies of nongenomic actions o

but the synaptic strength is reduced in the late third instars fBfolt-related steroid (i.e., 20-HE) compounds in crustaceans
controls. Application of exogenous ecdysone is still effective duringf‘d insects (Cooper and Ruffner 1998; Cromarty and Kass-
the late third instar for theecd/ecd but not the controls. This Simon 1998; Ruffner et al. 1999). Behavior of theosophila
suggests that endogenous production of ecdysone have already tdéevae changes immediately before pupation, but the mecha-
place in the wild-type but not thecd/ecd" larvae, thus the rapid nisms modulating behavior are poorly understood. On expo-
nongenomic responses could still be observed in the late ¢ild  syre of an isolated crayfish or early third ins@rosophila
ecd larvae. Stru_ctu_rally th(? number of varicosities and the t‘?rminﬁbrve-muscle preparation to 20-HE, there is a pronounced
length ﬂl‘owed significant Q'ﬁire?ces E.et"".eedl/ ecd and the wild- o4 ction in the size of the excitatory junction potentials (EJPS)
type ecd/TMBB genotype in the late third instars. recorded in the muscle (Cooper and Ruffner 1998; Ruffner et
al. 1999). These studies also showed a quick change in the
guantal release properties of synaptic transmission in response
to 20-HE (Cooper and Ruffner 1998). The rapid rate of re-
Hormones have essential roles in developmental changes ingpense within the presynaptic terminal and the lack of tran-
life of Drosophila melanogastefrom the larval instars to the scriptional regulation, since the neuron is anucleated, implies
adult form. 20-hydroxyecdysone (20-HE), currently regarded asngenomic action. The purpose of this study uddmgsoph-
the active form of ecdysone, is associated with developmenitalis to investigate both the behavior of the whole animal and
changes during_metamorphosis (Baehrecke 1996; Cayre ettta physiology and morphology of the NMJs of third instar
2000; Farkasind Sitekova1998, 1999; Henrich et al. 1993, 1999under the conditions of reduced ecdysone production.
Riddford 1985; Steel and Davey 1985). This particular hormone isSegments of this work have appeared in abstract form (Coo-
important in causing the behavioral and physical changes durimgr et al. 2000; He et al. 1998, Li et al. 1999a,b).
the development stages of each molt (Truman 199&)rasoph-
ila, high titer levels of ecdysteroid are reached during the thifge THoD s
instar larva, between the late feeding stage and prepupa, and in the
pupal stage (Kim et al. 1999; White et al. 1997). It has bedfHSbandry
observed that steroids cause both physiological and anatomica@y. vincent C. Henrich, University of North Carolina at Charlotte,
effects on neurons (Jacobs and Weeks 1990; Levine and Wesksplied theecd/TM6B, Tubby (Th) fly genotype (Lindsley and
1996; Thummel 1996). The majority of currently described agmm 1992) used for these experiments. Eggs frecd/TM6B, Th
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flies were collected for 2-h periods on apple juice-agar plates widc_dllTMeBanimals, the time it took for 50% of the population
yeast paste. The eggs were allowed to hatch and develop at 25°C ugtiform pupae was monitored. The genotypic identity of these

they reached the third instar larval stage. animals was determined based on the dominant phenotypic
_ marker for body size and shapBybby(Th), which is present
Developmental and behavioral assays on the TM6B balancer chromosome. The relative differences

The second instar larvae were collected as they molted and exa®Wn for the late third instar stadium are prevalent throughout
ined for the presence of nontubby morphology (indicating ebe/ all the instars and pupa. To determine if the developmental rate
ecd" genotype) approximately 48 h after the eggs were laid. Siblig altered for the homozygowezd/ecd as compared with the
animals with the TB mutant morphology (Craymer 1980) acel/  control siblingecd/TM6B animals, the time it took for 50% of
TM6EB and were used as controls in all experiments because they tive population to form pupa was monitored. The time from the
wild type for theecd due to theecd” allele carried on thefM6B  2-h egg laying period until a pupa formed was considered the
chromosome. Thirty to 50 second instar larvaeeati/ecd and time to pupation, and the time taken for all viable larva to

wild-type ec_d‘/TME_SB, Th siblings from each plate were transferredyacome pupae was used as the total time taken. By plotting the
separately. into V|aI$ containing standard_ cornmeal-dextrose-a mmutative sum till total pupae formation occurred, a 50%
yeast medium. The time and number of white pupa that formed w |

determined. Ghdex value coulq then be determined and compa(ed between

Feeding and locomotory behavior was assessed in early third indf3¢ genotypes (Fig.A). 'Theecdllecdl had a substantial phase
larvae of both genotypes as described in Neckameyer (1996). 186 in developmental timing for the population to form pupae
number of body contractile motions and mouth hook contractio@s indicated in the 50-h lag for the 50% index of mean pupation
were counted for 1 min. Ten animals were assayed in each of §ime (Fig. 1B).

independent experiments. Since it was previously demonstrated that application of
20-HE on exposed neuromuscular preparations resulted in
Electrophysiology depression of synaptic transmission (Ruffner et al. 1999),

_ o we compared locomotive behavior between the wild-type
The preparations were taken from early and late third instar Iarvaﬁd ecd/ecd larvae when endogenous 20-HE titers are

staged as described in the preceding text. The larval dissections wer . .
performed as described in Cooper et al. (1995b). The physiologic ?)ected t(.) be different. Body—movement assays consisted
solution used is the same as previously described (Stewart et al. 198. ;he rate in body-wall contraction and mouth—hoqk move-

Intracellular recording were made with microelectrodes filled wit'ents. These behavioral measures are standardized proce-
3 M KCI (30-60 nf2). The responses were recorded with>a LU~ dures to examine larval function (Neckameyer and Cooper
head stage and an Axoclamp 2A amplifier to a VHS tape (Vetter, 400998; Sewall et al. 1975). The early third instars corrected
as well as on-line to a PowerMac 9000 via a MacLab/4 s interface

(ADInstruments). All events were measured and calibrated with theA1 A2
MacLab Scope software version 3.5.4. o 100 - 200

ng-. ....o . C)Oo *
Anatomy E 75 . ° ° 150

o

With the use of a fluorescent anti-HRP primary antibody and £
confocal microscopy, the Type | endings of the two major axons (Is§ sp —_— o
and Ib) can be distinguished on the basis of their range of bouton sizg °
and total bouton complement (Atwood et al. 1993). With confocal ¢ °
microscopy, the quantitative data of bouton number, terminal lengths 251 *
and muscle dimensions were obtained. Fluorescent images of thg o t
nerve terminals were viewed with a Leica DM RE upright fluorescentd * o ° Eed
microscope using &40 water-immersion objective with appropriate 0 120 180 160 180 200 0 Ecd' Control
illumination. The composite images of Z-series were collected with a )
Leica TCS NT/SP confocal microscope for illustration. The number of Time (hr)
varicosities can be counted from the images directly. The LeicaB
software was used to measure and quantify the terminal length di- '] == Ecd'
rectly from the images. Control

100

50
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Time from Eggs to Pupa (hr)

®©
o

Statistical analysis

Numerical data are represented as mean$D. The one-way
ANOVA test was used for comparison of means in the responsivenes§ *° |
to 20-HE, withP < 0.05 chosen as the level of significance. Two-way E
ANOVA test was used to examine the differences of morphological~ 2
data. When the basic assumption of parametric ANOVA test was not
valid, the nonparametric ANOVA rank test was used.

s per Minute
D
(=]

Body Wall Mouth Hook
Contraction Movement

RESULTS Fic. 1. AL the time courses of larvae developmehg the durations are
. compared from egg laying to 50% of them forming white pupae for both
General morphology and behavior genotypes.B: locomotion and feeding assays etd/ecd and wild-type

. . . ecd/TM6B larvae. The body wall contractions (locomotion) and mouthhook
To determine if the developmental rate is altered for thgovements (feeding) were counted within a 1-min period. The number of
homozygousecd/ecd as compared with the control siblinganimals tested in each genotype was 20. The error bars represent the SE.
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for the developmental phase lag were used in the behavioral A Ecd’ Control
tests. Theecd/ecd had a slower mean rate in body wall 70,

contraction and mouth hook movement than control animals
(P < 0.05,t-test; Fig. L0).

Saline Saline Saline: Saline

Neuromuscular measures

EPSP Amplitude (mV)

The muscle m6 is innervated by both Ib and Is motor
neurons (Kurdyak et al. 1994). Both Ib and Is neurons can _
be recruited together to produce a composite excitatory z
junction potential (EJP) as shown in FigA2The composite &
Ib and Is EJP amplitudes are significantly reduced in late
third controls as compared with treed/ecd" animals P <
0.01, n = 6, t-test). There is no difference in the EJP
amplitudes observed between the early third stagecal/ ; . : , :
ecd" and controls (Fig. B). This suggests that the presence ° 200 400 600 0 200 400 600
of ecdysone or a secondary effect of ecdysone results in the Time (sec) Time (sec)
reduction in the EJP amplitude in late third instar of control B Early Late

Ecd' Control Ecd' Control

60 { Saline - 20-HE | saline - 20-HE

EPSP Amplitude
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Fic. 3. The effects of 20-hydroxyecdysone (20-HE, [Kl) on the com-
pound EJPs. Segmental nerve 4 was stimulated while the EJPs were recorded
with an intracellular electrode in muscle 6 of the stimulated segmént.
isolated responses recorded freed/ecd and wild-typeecd/TM6B late 3rd
instar larvae are shown while both Ib and Is motor neurons recruited. The
preparations were bathed in saline, and then the saline was changed with either
saline or 10uM 20-HE while recording. One hundred EJPs recorded before
and starting 100 s after the saline was changed from each preparation were

EJP Amplitude

w

. 60 — Ecd' gveraged for subsequent ar‘_lalysjs as_illustrated b_y the line between the arrows
> * in thetop left panel: - -, the time in which the solution was exchangBdthe
£ Control percentage change-SE) of EJPs is shown for the 6 animals used in each
: 50 - experimental condition.
e}
= 40 - sibling ecd/TM6B animals. To test the postulate that a
o lower titer of ecdysone irecd/ecd" is protecting the EJP
g amplitude in the late third stadium, direct application of
a 30 20-HE on exposed neuromuscular junctions was preformed.
u It was previously demonstrated that early third-staged larvae
T 20 - are susceptible to exposure to 20-HE in such a manner that
S the EJP amplitude would decrease rapidly within minutes
3 (Ruffner et al. 1999). Such nongenomic actions were also
10 ; . - .

£ demonstrated in crustaceans during intermolt (Cooper and
8 Ruffner 1998). In bothDrosophila and crayfish, the non-

0 genomic actions of 20-HE were shown to be presynaptic, in

Late decreasing the number of neurotransmitter containing vesi-
cles to be released during nerve terminal depolarization.
Fic. 2. The ventral abdominal muscle, m6 is innervated by 2 excitatolghanges in the EJP amplitudes on exposure to 20-HE were

axons, Ib and Is. The Ib has large varicosities but gives rise to small excitat - - s P
junction potentials (EJPs) where as the Is has small varicosities and produ é@mmed in the present SIUdy within late third instars of

large EJPsA: a compound EJP when Ib and Is terminals are both recruited. ecd/ecd and controls. Only theecd/ecd" flies showed a
comparison of compound EJP amplitudes recorded from mé of early and Igtabstantial decrease in EJP amplituBe<( 0.05,t-test, Fig.
3rd instar larvae of both genotypes. The EJP amplitudes are significar[gy. This result suggests that these endogenous production of

reduced in late 3récd/TM6 larvae,P < 0.01; 6 animals were tested for each ; e ; o
of the stages and strains. The stimulation frequency was 1 Hz, and averagg%gysone in late third instar control flies already elicited the

100 compound EJP amplitudes recorded from each preparation was used irﬂtﬂ@genomic actions and further application thus showed
analysis. little effect.

Early
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FIG. 4. Terminals of Ib and Is motor neurons on muscle 6 and
7 of segment 4. Imaged by confocal microscopy after treatment
with fluorescently tagged anti-HRP antibody. Full view of the
entire extent of innervation by the 2 terminals on mé6 for repre-
sentativeecd/TM6B (A1) and ecd/ecd (B1) strains. Higher
magnification of the terminals to illustrate the Is and Ib anatom-
ical differences inecd/TM6B (A2) andecd/ecd (B2). Quanti
fication of terminal length and numbers of varicosities are readily
made at this magnification. Scale ba, 24; B1, 28; A2, 7.7;
andB2, 14 um.

Nerve terminal morphology third instars when raised at 25°C. Thed: mutants were able

, i to survive through larval development and form pupae. How-
The two motor axons, Ib and Is, innervating muscle 6 andg(er  the results demonstrate that the time to pupation is

are readily distinguishable by the size of the varicosities alorlb%gthened by about 50 h for tteed/ecd as compared with
the terminals (Fig. 4). The Ib axon ha;_ big terminal varicositiggy wild-type control siblings. There is variation in both phe-
as compared with the Is axon. Tked/TM6B animals have notypes within the population, but with the use of the 50% to

shorter terminals than thecd/ecd animals; this is readily pupation index, comparisons between strains can be made. In
seen in the overview of the terminals fecd/TM6B (Fig. 4A1) addition to the lengthened larval cycle in the mutasd

andecd/ecd (Fig. 4B1) as well as in the higher magnification _ _ . ;
(Fig. 4 A2andB2) images. For both early and late third instar§¢d animals also display behavioral differences as compared

there are significant differences as indicated betvezetfecd With controls. The rate of body-wall contraction and mouth-
and control siblingecd/TM6B animals (Fig. ®) although in 100k movements are reduced in the early third instazaaf/
both genotypes there is a significant difference between tied” as compared with the wild-typecd/TM6B. The physie
early third and late third instars, thus indicating a developmel@gical measure of EJP amplitude for the combined Is and Ib
tal increase in the length of both the Is and Ib termin®s<( terminals did not reveal any differences among the two geno-
0.05, Tukey test; Fig.A). The number of varicosities of the Ibtypes during the early third instar, but the synaptic strength is
versus Is terminals showed a significant difference betwetgduced in the late third instars for teed/TM6. Since loce
ecd/ecd and control siblingecd/TM6B animals for only the motive behavioral differences are observed betweeretids
late third instar (—,P < 0.05, Tukey test; Fig. B). No ecd and the wild-typeecd/TM6B in early third instars al
significant differences could be found between éuel/ecd  though without measurable differences in the experimentally
and controls in early third instars (FigBh Forecd/ecd and evoked synaptic responses on m6, one is left to speculate that
controls, there were significant developmental differences Rgyssible the CNS command of the motor neurons may be
tween the early and late third instar stages {, P < 0.05, (ifferent during locomotion. In addition, we have not ad-
Tukey test; Fig. B). The developmental differences for bothyressed the function of the other muscles associated with body
ecd/ecd and controls are that there are more varicositigpntractions between these altered genotypes that may in part
along Is terminals as compared with Ib terminats<¢ 0.05, account for the behavioral observations. It is possible that there
Pairedt-test). maybe pleiotropic effects in thecd mutant that result in a
variety of developmental and behavioral problems, such as
lower locomotive activities.

Application of exogenous 20-HE is still effective during the

The ecdysoneless temperature-sensitive [I(3Jenditant of late third instar stadium for thecd/ecd but not the controls.
Drosophila is a conditional larval lethal when raised at ahis suggests that endogenous production of ecdysone has
restrictive temperature of 29°C (Garen et al. 1977). Ecdyakeady taken place in the wild-type but not teed/ecd
teroid production in the larval ring gland is reduced as low darvae, thus the rapid nongenomic responses could still be
10% of the control level in this mutant (Garen et al. 197&bserved in the late thirdcd/ecd larvae. It has been shown
Henrich et al. 1993), and pleiotropic effects of this mutarihat motor neurons in the hawkmotfianduca sextaundergo
strain have also been examined (Redfern and Bownes 1983ydtious responses such as apoptosis, regression, and regrowth
appears the brain, ring gland, and larval salivary glands atering various stages of development where levels of ecdy-
smaller in this mutant. steroids are also high (Truman and Reiss 1995). In addition,

In this study, we investigated if behavior, physiology, semushroom bodies isolated froBrosophiladuring metamor-
sitivity to 20-HE, and nerve terminal structure showed diffepphosis showed enhanced neurite outgrowth by direct applica-
ences between the reduced ecdysone genoggabecd, and tion of 20-HE in culture (Kraft et al. 1998). However, the
wild-type controlecd/TM6B animals during the early and latehormonal control of ecdysone on motor nerve terminal growth

DISCUSSION
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measured from quantal analysis studies obtained at NMJs of
Drosophilaand crayfish there are some likely sites of action
that are feasible (Cooper and Ruffner 1998; Ruffner et al.
1999). The protein-protein interactions of the SNARE proteins
may possible be effected by ecdysone, leading to fewer vesi-
cles to be docked and released with evoked stimulation. It is
possible that ecdysone could even be disrupting the protein
interaction of already docked vesicles. Electron microscopy
studies of the presynaptic terminals are needed to address this
issue further. In addition, if steroidal action is affecting evoked
calcium entry within the nerve terminal, this would result in
fewer evoked vesicles. The synthetic ecdysone agonists RH-
5849 is known to block a 4-aminopyridine (4-AP)-sensitive
voltage-gated K channel (Ortego and Bower 1996), which
could then alter the entry of calcium through voltage-gated
calcium channels. Potentially with the use of calcium-sensitive
indicators and confocal microscopy, this issue can be examined
(Cooper et al. 1995a). At present, we are examining intact
vesicle dynamics in the nerve terminals with the exposure of
Early Late Early Late 20-HE with the use of the dye (FM1-43) that allows visual-
Ecd' Ecd' Control Control ization of vesicle populations within nerve terminals. In addi-
tion, there are rapid effects on insect behavior when 20-HE or
60 - ecdysone is placed in their diet that have been correlated to
- rapid changes in the activity of sensory neurons (Tanaka et al.
1994).
Structurally the number of varicosities and the terminal
length showed significant differences betwesst/ecd and
the wild-typeecd/TM6B genotype in the late third instars. The
relationship between terminal morphology and synaptic
strength inDrosophilaNMJs has been examined previously.
For instance, a larger ratio of terminal size per muscle size
gives rise to larger EJP amplitudes (Lnenicka and Keshishian
2000). It is also suggested that the cell-adhesion molecule
10 A Fasciclin Il plays a role in controlling synaptic stabilization and
growth inDrosophilaNMJs. In e76 mutant flies that possess a
hypomorphic allele of the Fas Il gene, there are fewer synapse-
0- bearing nerve terminal varicosities (Stewart et al. 1996).
Early Late Early Late Schuster et al. (1996a,b) demonstrated that the increase or
Ecd' Ecd' Control Control decrease of axon sproutingDrosophilaNMJs depends on the
FiG. 5. Quantification of neuromuscular morpholody the total length of €Xpression level of Fas Il. In these mentioned cases, the syn-
Ib and Is terminals are compared for early and late 3rd instars for bagtptic strength is maintained at a normal level for the muscle
genotypes. The Is terminals are significantly longer than the Ib at eagl|| as a whole in spite of differences in the length and number

developmental stage in both genotypes. Both Ib and Is terminals are signifi : . : P
cantly longer at late 3rd stadium than at early 3rd one for both StrAins {). "W varicosities of the nerve terminals. Our results indicate that

The only significant difference between genotypes of the same developmehtd? ecd/ecd late third instar larvae have longer nerve termi
stage is that the Is terminals are longer in the taté/ecd as compared with Nals with more varicosities than tleed/TM6B larvae. These
the wild-typeecd/TM6B (—). B: the number of varicosities is greater for themorphological differences in the motor nerve terminals could
I§ terminals than the Ib terminals at each developmental stage. There atcount for the Iarger EJPs measured ingbd/ecd late third
differences between developmental stages J and the genotypes in the late .
3rd stage for the number of varicosities of Ib and Is terminals (—). Nin'QSta_rS' althoth there are several_ other faCtO_rS tha_t ne_ed to be
animals of each genotype and each instar were examined. considered as well that will I’equn’e further |nVeSt|gat|0n to
determine the true nature of why the EJPs are more pronounced
and synaptic strength has not been fully addressed, thus muthe ecd/ecd late third instars. Such scenarios other than
interest in the use of thecd/ecd mutant for this study. nerve terminal morphological differences are that the ecdyste-
The mechanisms that govern abrupt behavioral change esid titers are higher in thecd/TM6B larvae than theecd/
sociated with molting are also not well understood. In late thirecd" larvae and therefore a greater suppression in transmitter
instar, the animals reverse from negative to positive phototact@ease is measured. In addition, the background streif
behavior, and they slow down their locomotor functions tdM6B larvae are of theTubby (Th) fly genotype, which is
begin to form pupae. Reduced synaptic strength may contriboteserved by the larvae being shorter yet wider thanettd/
to their lower locomotor activity at this stage and could poscd strain. This difference in body morphology is also noted
sibly be related to the increased ecdysone titers (Ruffner etamong the longitudinal muscles (e.g., m6), meaning that m6 is
1999). The nongenomic action of ecdysone is not known bsttorter and wider irecd/TM6B larvae than inecd/ecd" lar-
since fewer vesicles are released during evoked stimulationva®; this may also account for differences in total surface area

A350 ~ — Ib axon
Is axon

300 -

250 +

200 -

150 -

100 -

Terminal Length (um)

50 -
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of the muscle. This morphological difference of the muscle c&ivoPERRL AnD RuFFNERME. Depression of synaptic efficacy at intermolt in
lead to a difference in input resistance of the muscle fiber, thugrayfish neuromuscular junctions by 20-hydroxyecdysone, a molting hor-

. . . . mone.J Neurophysiol79: 1931-1941, 1998.
altermg the amp“tUde of the EJP glver_] the same synapengR RL, StewarT BA, WoJitowicz JM, WANG S, AND ATwoobp HL.
Current-_ Studies are currently UnderW?-y In our laboratories INguantal measurement and analysis methods compared for crayfish and
examining such differences as synaptic physiology, nerve terbrosophilaneuromuscular junctions and rat hippocamguseurosci Meth-

minal development, and structure using these ecdysonele®sls61: 67—78, 1995b. _ . .
strains with other background strains CrAYMER L. New mutants reportDrosophila Information Servic&5: 197—

With several of the mechanisms underlying maintenance 00, 1980.
ying MARTY S| AND Kass-SmMoN G. Differential effects of a molting hormone,

mod_ulation_ of synaptic stre_ngth d_Uring deve|_0pment and mat-20.hydroxyecdysone, on the neuromuscular junctions of the claw opener
uration being elucidated in various experimental systemsand abdominal flexor muscles of the American lobs@emp Biochem
much still remains to be uncovered. In particular, little is know Physiol 120: 289-300, 1998.

: - - - - KA R AND SuTAkovA G. Ultrastructural changes &frosophilalarval and
about the nongenomic aCtlon.S of steroids on synapt!c efflcag&zrepupal salivary glands cultured in vitro with ecdysolmeVitro Cell Dev
One model system for studying fundamental questions abougo anim34: 813-823, 1998.

steroid action is théDrosophila neuromuscular junction. In Farkas R ano Sutakova G. Developmental regulation of granule size and
Drosophila the advantage of known identifiable cells with the numbers in larval salivary glands 8frosophilaby steroid hormone ecdy-
powerful techniques of molecular genetics and the ability tosone-Cell Biol Int 23: 671-676, 1999. _ _

erform anatomical analvsis as well as electrophvsiologiciREN A, KauvAr L, aND LEPESANT J-A. Roles of ecdysone iBrosophlia
P nalysis as . PRYSIOIOGIC& e, e l0pmentProc Natl Acad Sci USA4: 5099-5103, 1977.
measure; allow expe”mental IhSIghtS that are not pos_5|b|eH§1§AYA R, Sasa M, IsHIHARA K, AKIMITSU T, IIDA K, AMANO T, SERIKAWA T,
present, in other systems. T_aklng advantage of_mutat_lon_s thatrita K, anp Kurisu K. Antiepileptic effects of 20-hydroxyecdysone on
results in lower ecdysone titers allows further investigationsconvulsive seizures in spontaneously epileptic rags J Pharmacol74:
into the steroid actions of ecdysone. There are well-docu-331-335, 1997.
mented genomic effects of steroids such as estradiol, aldoéié-'z g Lég{oﬁf??N,fﬁy':ﬁiozv?f;'srizp%nﬂsf& Cﬁ)’gﬂ% &NOD Sé’;’;fiﬁ;neuro
rﬁne’ vitamin D3, and Comso.l' Prf.)cesse?] such as a.Ctlvatlon Omuscular junctions of larvaDrosophila that lack the ability to produce
the IP;-, cGMP-, and cAMP-signaling pathways and increasedgcdysonesoc Neurosci Abs27: 12, 1998.
release of internal calcium are future avenues to be investigatedlricH VC, LivinasTon L, AND GiLBeRT LI. Developmental requirements for
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