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The Role of an ABC Transporter as a Steroid Antagonist in Drosophila
Gregory King and Andrew J. Andres
University of Nevada, Las Vegas School of Life Sciences

Introduction

Dresovhua mslenogaster are holometabelous insects that have several dizninct life
stages including larvae and a winged adult. The larval stage 15 mamnly a ime of feeding
and growth, while the adult stage is optimized for sexual reproduction and
dissemination. The larval stage can itzelf be divided into three time periods, of instars:
154(L1). 2 (12), and 3" (13) (Figure 1) Larval growth — both between instars and
beyond — depends on specific signaling pathwavs controlled by a cholestercl denved
sterord, 20-hydroxyecdyzone (20E). Although 20E 15 a systemic developmental signal.
little 15 known about the molecular details of how different tissues respond to the
hormone We have been studying cne gene induced by 20E in some target ussues [1].
This gene. £23, encodes an ATP binding cassette (ABC) transporter protein that may
function to lamit hormone exposure in tissues where 1t 15 expressed.
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We have used transgenic Dresopida containing DNA constructs m which £23 1=
ectopically ovarproduced. We have shown that several tarzet tissues do not respond to
20E at metamorphosis. consistent with the hypothesis that E23 act: as a 20E antagonist
to pump hormone out of cells before a genomic response can ccour (Figure 3) [Paladine
and Andres, manuseript in prep]
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To test this hypothesis further, [ analyzed transgenic flies overexpressing £23 in the
Inka cells, which are responsible for larval ecdysie. My data support our model in
which E23 wotks as a 20E antagomst, pumping hermone duning all develepmental
stages.

Why Drosophila and E237

Dresovhie, the common frt fly, has been used as a model organism to study
genetics and biolozy for a century. Numerou: mutant and transgemc fly lines are
available, and can be used ro study virtually any conserved cellular function The
powerful genetic tools allow the overexpression or silencing of any Trasophila zene in
any specific issue. As a result, Drogsopiila 1= an important model in particular for the
general sudy of conserved signaling pathwavs in ammals, induding humans.

A more thorough understanding of cell biology iz escential to medicine. E23 itzelf 1e
specific to Drosephile but it is closely related to ABC pumps found in many species,
including h ABC transperters are hughly involved m several diseases, including
in the resistance of cancers to chemotherapy [2] Often, a cancer patient will respond
well 1o chemotherapeutic agents, even for weeks or months. However, the cancer can
quickly return, and with a resistance to the druzs This is often due to the amplification
of ABC transporters in these cancer cells. Study of the basic science involved n ABC

Hypotheses
E23 functions as a 20E antagonist. meaning when it is everproduced in any targer cell
the cell wall not respend to hormone and produce the normal developmental response.

Since the Inka cells respond to 20E by stimulating larval ecdysis, E23 overproduction
in these speafic cells should result in the larvae displaving ecdysis defzcts that prevent
normal growth.

Molting vs. Ecdysis

During larval zrowth in Dresophila. animals must shed their rigid cuticular skins as
they progress from one instar to another This includes the separation and abserption of]|
parts of the old cuticle, creaticn of new cuticular structures, and final removal of cld
structures [3].

Ecdysis describes the final step of the melting process. specifically focusing on the
wiggling behavior that allows the larva te escape from the smaller cuticle. Thie process
15 thought to be controlled by special zland cells, known as Inka cells. that line specific
sites on the trachea [4]. Ecdysis miggering bormone (ETH) is a small peptide which
seems to promote ecdysis and is produced within these gland cells in response to 20E.
Once produced, 1t sumulates the bram te imtiate the ecdysis behavior [5] Therefore. 1f|
E23 is overproduced in the Inka cells the larvae should be able to produce a new
cutide, but show defecte in the ability to escape the old cutide.
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To control the production of E23 wathin speafic tissues. a powerful genetic system
can be used: the UA5-Gald system (Figure °). This system, which has been adepted
from veast, consists of two parts: the Upsirean: Activator Seouence (UAS), and the
GAL4 “dnver” protein which binds to A4S This allows for transcription and
production of the /A4S controlled ¥23 cnly in cells that express the fke-JFA7L4
construct. Figure 6 is a diagram of the procedure to assay for defects.
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The larvae were observed on melasses agar egg plates every 12 hours out to B4
hours from hatching. Their mortality was recorded by ascay of remaining living larvae,
and ecdysis defects were noted by presence of supernumerary mourh heoks and
pharyngeal plates. As a control, the LA 523 stock was also crossed to a w!'-18 stock, a

transporters could give indications of potential silencing effects and future medicati

commenly used unmodified control stock and the same analyzis was performed.

Resul
Shown below is a graph comparing the control (AT E234w 1) and experimenral
(LiAS-E2 3/ Taleer-CAL4) larvae (Figure 7). The graph. from data following 150 larvae
each. compares mortality by measuring living animals. On the nght 1= a comparison o
the third instar larvae (Figure 8). Ecdysis defects are indicated by a second set of mouth
hooks, cuticular structures that are created during molting. If the larva cannet underzo
ecdysis, the mouth hooks remain attached rather than falling off with the old cuticle.
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There 15 dearly a difference 1n both ecdveie defect and resulting growth The
molting defects in the expenmental are clear, and indicate that a new cuticle was
formed, but was not removed between instar stages. Data are consistent with E23
producton antagomzang 20E in Inka cells, perturbing ecdysis. At the stages of ecdvsis,
24 howrs to 48 hours (1¥' to 2 and 2* to 3 inctar), the mortality gap increases to only|
29% remaming, for the expenimental versus 85% remaining for the control,

Future W

Along with obserning the effects of Inka cells on the molting and ecdysis process, 1
will also be studying the effect of 20E suppression throughout the larval epidermis. The
epidermal cells. which secrete the cubcular struchwmes, can be controlled throuch
another recently acqured another stock. AS3-GAL4 We hypothesize an overproduction
of E23 in these cells would halt molting; prelimunary data with this duver results in an
extension of the larval L1 stage and lethality.

To approach the question of which 20E receptor 15 used for moltng, I have access to
transgenic fly stocks that have silencing abilities for the EcCRUSP receptors — well
characterized 20E receptors — and can cress these to the liva-GAL4 stock [6]. If this
action prevents molting it will provide good evidence that the molecule tested is
functioning as a receptor for 20E. and show agan the importance of 20E hormone 1n
Dresophila devel opment.
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