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One of the essential events during the formation of the nervous system is the wiring of
neural circuits, which largely consists of two steps, axon pathfinding and target
recognition. During the first process, neuronal growth cones traverse long distances
along stereotyped pathways to their appropriate target regions. Then during the
latter process, growth cones find and synapse with their specific target(s), by searching
over many neighboring cells in the target region.

Neuronal growth cones are guided by a variety of different environmental cues
expressed on their pathway and in the target region, that act either as contact-
mediated signals or as diffusible factors. These cues have been shown to have
attractive or repulsive effects on the growth cones mediated by their corresponding
receptors. However, how these molecules orchestrate to generate the precise pattern
of neural connectivity in vivo remains largely unknown.

Capricious (CAPS) is a cell-surface protein with leucine-rich repeat (LRR) motifs
which was identified as a candidate target recognition molecule in Drosophila
neuromuscular system. During the formation of neuromuscular connectivity, CAPS is
expressed on small subsets of motoneurons and muscles, including muscle 12 and the
motoneurons that innervate it (muscle 12 MNs). Loss of function of the capricious
gene (caps) alters the target specificity of muscle 12 MNs; the MNs often form synaptic
endings on a neighboring nontarget muscle, muscle 13, in addition to its normal target.
A similar and more robust phenotype was observed when CAPS is ectopically
expressed on all muscles. Although these results clearly showed that CAPS on
muscles can function in guiding specific motor axons, the role played by neurally
expressed CAPS remained obscure. Since CAPS is expressed not only on muscles but
also on the motoneurons during the targeting of muscle 12 MNs, neurally expressed
CAPS is also likely to play a role in this process. However, low penetrance of the
loss-of-function phenotype makes it difficult to directly address this possibility.
Neurally expressed CAPS may also play a redundant role in earlier events of
motoneuronal pathfinding, that was not revealed by the analysis of the loss-of-function
mutants.

To assess the possible function of neurally expressed CAPS, in Chapter I, he induced
ectopic and increased expression of CAPS in all neurons using the GAL4-UAS system.
As expected, CAPS was ectopically expressed on all neurons, starting from embryonic
stage 12, in embyos. CAPS protein was detected in all major axon tracts in the CNS
and in the periphery, suggesting that ectopically expressed CAPS was properly
transported to axons.

To analyze the effect of pan-neural CAPS expression on the formation of the nervous
system, he first examined motoneuronal circuits in the third instar larvae by mAb 1D4

(anti-Fasciclin IT) and mAb 22C10 staining. No gross morphological defects were seen
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in the CNS and musculature, suggesting that their overall development proceeded
normally. However, he detected a highly specific change in the trajectory of
motoneurons that innervate muscle 12 (muscle 12 MNs). In wild-type, axons of
muscle 12 MNs, that fasciculate to form the terminal branch of the intersegmental
nerve b (ISNb), project along the internal surface of muscle 13 before reaching their
final target, muscle 12. In contrast, when CAPS was overexpressed on all neurons,
they passed along the exterior of muscle 13. Such a phenotype was not observed in
control larvae. This finding in the larvae led us to analyze the developmental processes
of axon extension of muscle 12 MNs in the embryos. In embryos that pan-neurally
express CAPS, axons of muscle 12 MNs appeared to extend normally until mid-stage
16. However, from late stage 16 to early stage 17, striking defects were seen in the
trajectory of the most distal part of ISNb. In addition to the misrouting phenotype as
seen in the larvae, a stall phenotype, in which the terminal branch of ISNb stopped
prematurely near muscle 30 was observed. These results strongly suggest that
ectopic pan-neuronal expression of CAPS affects the behavior of muscle 12 MNs at a
specific choice point along their pathway to the target muscle.

CAPS is a transmembrane protein with 14 leucine-rich repeat motifs in its
extracellular domain. Although its intracellular domain contains no known motif, the
first 28 amino acids are highly homologous to the corresponding region of Tartan,
another LRR protein in Drosophila. To study the function of the intracellular domain
of CAPS and its possible link to the cytoskeltal and/or signal transduction machineries,
he performed a deletion analysis of CAPS and tried to identify molecules that interact
with the intracellular domain of CAPS by using the yeast two hybrid system in
Chapter II. He ectopically expressed CAPS lacking the intracellular domain in
neurons and muscles, and examined if the modified CAPS could induce the pathfinding
and targeting phenotypes described above. He found that the function of muscularly
expressed CAPS in target recognition is intracellular domain dependent whereas that
of neurally expressed CAPS in pathfinding is not, suggesting that CAPS may function
in neurons and muscles in a different manner. The requirement of the intracellular
domain for the function of muscularly expressed CAPS suggests the presence of a

signaling event in muscles that is essential for selective synapse formation.
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HEEROAME, REMRAICENT, BRERERO S FREZMEHAT 0, &
Bz X - T4H X 7 Drosophila @ capricious (caps)& \» 5 #EEF D e % (=20
FEERAWTHEN L. CAPS 12, oo Yy FRETF— 7 2MBEEMNCE MR
HEBETH 25, Drosophila 0fEOMEHEETOBENRBRERIIBEBET 2L EX
ENTWVWS, MEGEAMOERIZNT, CAPSR 1 2FBH TN ICHRET 2 MEE2ET
B —HOEHHRE L FORHNEOHHABIZRIEL TS, capsBiZTXRERZ, 12FH
WRHTAEBMEOBEREEEETEE, LIZLIE, 1 2FHLUMSCL, 1 3FHICEE
THEWSRERRT. CAPS 225 R TCEMRBE IS -EAIE, XD EELEH
BRENEEEIND. CAPS &, EFMHRIIRTLREBELTVEY, ZOMERICRET
#mEE, KBORMTH 7. TZTHFEHIZ, GALL-UAS v 257 42 HAWVWT, AwkM
2 CAPS # B X8, TOMBERFKCRIZTEEERANL. £9, BE3ROHHRAOME
EREREZHFR-EI2, @ L TkEREZEON L. LirL, TAERTIE,
1 2HBHIZBRA T 2EHHEIEDSIPN LTI SEHOARB R > THET 2L DM,
NekEryiz CAPS #RBER7-31L0 T, 1 3BFHOMNAICH > TEBBT 5. Fiz, EHE
BOEWMBTLIOFHOMELZBBRT 28, —RKELTIEEILONT:. ZTnEDER
X0, Aoz CAPS 2 REEXRHEAIZ, BEOEHBMEOENH N DEREREE LD
BIRETOREBIZEEENTIT ZEFGHAL IR 2.

CAPS i3, BEZBAMOERETHS. TOMBER A v ORID 2 87 I /BEEZ,
BUMBESo L y) vy FRERAEF —~ 7% 53 5 Tartan XN 2 EFQE O IE
THEHH EHBEIENEEICEVS, TOMBA RN Y OBREBEITHETSHD. BHFER,
CAPS OMIFEHN N X 4 v O HEEHFHORIREICEX 2R LB/ %, M1
MR R X A v E&x REE 7 CAPS 2 i X3 i IZ R IR & &7z, AHERN
WWRRIELES, MBEARFAAL Y EREIGRLZLDE, 5847 CAPS 2R2FHICRER S
Bl rER, 1 3FHOAMULEBERT S48, MBENFNXAS VEREBEZIELZLDTI,
HAEMEFEURREET L. —F, AHGHEBRHICRBE I LLOTE, MEMtFX1 Y
ERWIZLD, HERNKAAYERWVELOWTNLFER L BFROEHN Y - 2RL
7=, TNS5OBRIE, HREMBETRET S CAPS Y B THRE T 2 CAPS A 5 #EE 2
BRigD I BRRT B,

ML, CAPS o mEHiga oRFERMICET 2 L0 FEMTBEWMET 2T
WV, MR RET S CAPSOEZS I VHKIZ LA ST, CAPS ¥ HEERY
ZEOEIBELLEEL, TNAHAABRCR T 2HBEABSEEREZEEA L ESHw
BROFEBRRAEBCEELEX5TMEER2ERLAATEETH . FAXDODELARIT,
Jounal of Neurobiology 42, 104-116 (2000) iz A& &E N7, Lk, ®HRXELTZOER, KR
XiE, AR EEEESTSITELZLTWS EHEEN.
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