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Abstract

Interstitial cells of Cajal (ICC) provide a pacemaker signal for coordinated motility patterns in the mammalian
gastrointestinal (GI) tract. Kit signaling is required for development and maintenance of ICC, and these cells can
be identified by Kit-like immunoreactivity. The zebrafish GI tract has two distinct ICC networks similar to
mammals, suggesting a similar role in the generation of GI motility; however, a functional role for Kit-positive
cells in zebrafish has not been determined. Analysis of GI motility in intact zebrafish larvae was performed
during development and after disruption of Kit signaling. Development of coordinated motility patterns
occurred after 5 days post-fertilization (dpf) and correlated with appearance of Kit-positive cells. Disruptions of
Kit signaling using the Kit antagonist imatinib mesylate, and in Sparse, a null kita mutant, also disrupted
development of coordinated motility patterns. These data suggest that Kit signaling is necessary for develop-
ment of coordinated motility patterns and that Kit-positive cells in zebrafish are necessary for coordinated
motility patterns.

Introduction

The proto-oncogene c-kit is expressed by cells located
within the tunica muscularis of the gastrointestinal (GI)

tract of all vertebrate species so far examined, including zeb-
rafish.1–4 Early work showed that cells expressing Kit in the GI
tract are necessary for initiation and regulation of coordinated
muscular contractions. These cells, referred to as interstitial
cells of Cajal (ICC), are identified using antibodies to the Kit
protein, a specific marker for ICC. Although ICC are neces-
sary for coordinated motility patterns that functionally sup-
port mixing and propulsion of luminal contents, complex
patterns of muscular contractions result from the integrated
activity of several cell types, including smooth muscle cells,
enteric neurons, and ICC.5–7 A specific role for ICC in GI
motility has been inferred from experiments quantifying GI
motility after preventing the development of ICC. For exam-
ple, experiments examining Kit receptor function showed that
peritoneal injection of the neutralizing Kit antibody ACK2
resulted in a severe disruption of GI motility in mice, and a
concomitant reduction of Kit immune-positive (Kit +) cells in
the small intestine.2,8,9 Similarly, pharmacological inhibition

of Kit function using imatinib mesylate on cultured embry-
onic tissues prevented ICC development and eliminated
pacemaker function.10 Those experiments showed that an-
tagonists to the Kit signaling pathway, when applied at the
perinatal period, resulted in GI dysmotility and a parallel loss
of ICC. Furthermore, mutant mouse models with loss of Kit
signaling lack specific classes of ICC and do not have normal
motility patterns.2,11–13 Two important examples are the
compound heterozygote W/Wv mutant, a Kit mutant with
&90% loss of Kit signaling, and the compound heterozygote
Sl/Sld mutant that partially lacks a membrane-bound form of
Kit ligand.2,13 Both mutants are viable but have severely
dilated intestine, incomplete ICC networks, and disrupted GI
motility patterns.

Kit + cells in the adult zebrafish GI tract form two distinct
cellular networks, one deep in the circular muscle layer close
to the mucosal border and the other between the inner circular
and outer longitudinal muscle layers.14 Zebrafish Kit + net-
works are similar in appearance to ICC in the myenteric
plexus regions and muscle layers of mice and human mus-
cularis propria. Myenteric ICC form a continuous network
around the circumference and along the length of the adult GI
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tract between the longitudinal and circular muscle layers, and
bipolar ICC populate the deep muscular plexus of the small
intestine.15 It is well known that ICC generate a spontaneous,
rhythmic oscillation in resting membrane potential called the
electrical slow wave which paces muscular contractions.5

Therefore, ICC are fundamental for generation and regulation
of spontaneous and coordinated muscular contractions in the
GI tract. Interaction between the enteric nervous system and
ICC are well documented, and bipolar ICC intercalate with
enteric motor neurons and function to amplify and distribute
neural signals.7,16 Although our previous work demonstrated
Kit + networks that are similar in appearance and in location
to ICC networks in human and mouse GI tissues, a functional
role for zebrafish Kit + cells has not been determined.

Kit signaling is also necessary for vertebrate melanocyte
development, and null mutants for Kit or its natural ligand
Steel Factor (also called stem cell factor and Kit ligand) are
lethal in mice, resulting from severe effects on hematopoie-
sis.17 However, partial loss of function mutants are viable and
display coat color deficiency resulting from the failure of
melanocyte migration.18 Sparse is a null kita mutant in zebra-
fish, and homozygous mutants are viable and display a
reduced melanocyte embryonic phenotype.19 Hultman and
co-workers used morpholino knockdown to establish kita and
kitla as functional signaling pairs that promote melanocyte
migration and survival during embryogenesis.20 A role for
kita in GI motility has been confirmed because Sparse mutants
exhibit a reduced contraction frequency and an enlarged
GI tract.14 It is clear that kitb and kitlb are not involved in
melanocyte survival, but a separate functional role for these
orthologs remains unknown.

The zebrafish GI tract does not contain a stomach, but
is otherwise anatomically similar to the human GI tract.
Concentric tissue layers surround the lumen beginning with
an inner mucosa, circular muscle, a region with relatively high
density of enteric neurons and Kit + cells, and an outer layer
of longitudinal muscle.14,21 At 5 days post-fertilization (dpf),
the yolk sac is depleted, spontaneous feeding begins, and
spontaneous contractions have been detected, but the de-
velopment of coordinated motor patterns as well as the
mechanisms influencing this development have not been
characterized in detail. The GI tract is similar to adults at
5 dpf, with circular and longitudinal muscle layers separated
by enteric neurons.22,23 Two neurotransmitters, ACh and
nitric oxide, modulate motor activity at 5 dpf, verifying that
the neurotransmitter receptors and downstream signaling
systems are present at this early developmental stage.24

However, tetrodotoxin did not alter motility patterns or the
properties of individual contractions at 5 dpf, suggesting that
motility is not under tonic control by the enteric nervous
system at this age.25 In contrast, neural blockade 2 days later,
at 7 dpf, reduced but did not block contraction frequency and
contraction propagation distance. Muscular contractions
propagate more completely at 7 dpf compared to 4 dpf,
consistent with development of regulatory mechanisms dur-
ing this time period.25 We have shown that Kit + cells are
present at 7 dpf, but not at 5 dpf, and it is possible that Kit +
cells contribute to the development of coordinated motor
patterns.14

The objective of this study was to determine the functional
role of Kit-positive cells in zebrafish GI motility. We quanti-
fied motor patterns in control larvae and compared these with

motor patterns before ICC develop, or under conditions when
Kit signaling was inhibited.

Materials and Methods

Aquaculture

Wild-type and Sparse mutant zebrafish were obtained from
the Zebrafish International Resource Center and were main-
tained in our facility according to established protocols and in
accordance with IACUC guidelines.14 Fish were housed in a
rack system with recirculating water (Aquaneering) main-
tained at 28�C on a 14-h/10-h light/dark cycle. System water
was made from deionized water with 240 mg/L Instant
Ocean salts and 75 mg/L NaHCO3, resulting in a conductiv-
ity&450 mS and pH& 7.4. Approximately 10% of the water
was changed each day. Zebrafish were fed live brine shrimp
once each day prepared using decapsulated cysts (Seahorse
Source, Fort Peirce, FL). Dry food was fed twice each day
(Aquaneering or Decapsulated Artemia Cysts, Jehmco Inc.).
Crosses were performed in the morning and embryos were
maintained in E3 embryo medium26 in petri dishes (&25
embryos/dish) in an incubator set to 28�C. Embryos were
transferred to clean dishes with fresh media every other day.
Beginning at 7 dpf, larvae were fed hatchfry encapsulation,
grade 0, by gently blowing powdered food using a Pasteur
pipette onto the media to avoid overfeeding (Argent,
Redmond, WA).

Imaging of GI motility

Larvae were immobilized for imaging using minor modi-
fications to a previously described technique.27 Zebrafish
larvae were anesthetized using 0.16 mg/mL tricaine (MS-222)
and immobilized in 0.8% agar prepared with E3 containing
tricaine anesthetic. The agar was kept in a warm water bath
(& 40�C) to maintain fluidity. Larvae were removed from the
incubator and anesthetized, placed in warm agar, gently
drawn into a fluorinated ethylene propylene tube (1/32’’
diameter, Cole Parmer), and mounted in a custom-made slide
holder that held a pool of water around the tube to reduce
optical distortion and thereby enhance imaging. The tube was
manipulated for optimal lateral viewing of the GI tract and
single images were captured each second for 10 min using a
Spot Insight video camera mounted on a Nikon Diaphot
inverted microscope with a 4· or a 10· objective and using
Spot software (Diagnostics Instruments Inc.). Image se-
quences were analyzed using custom written software
(Volumetry G6a, Grant Hennig) to create and quantify spatio-
temporal maps (STMaps). STMaps were created by calcu-
lating the average intensity along columns of pixels in a
rectangular region of interest that was drawn over the zeb-
rafish GI tract for each image in the sequence. Contractions are
inferred from the change in the average density of the GI tract
and contents, and appear as ‘‘ripples’’ or ‘‘bands’’ in STMaps.
While precise measurements of external diameter of the GI
tract could not be consistently performed due to a lack of
contrast, average density STMaps allow the site of initiation of
contractions, distance propagated, velocity of propagation,
and frequency of events to be calculated. These parameters
were calculated for each ‘‘ripple’’ by drawing a line manually
over each propagating contraction. The time between se-
quential contractions was measured and reported as interval.
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The contraction frequency was calculated and is expressed as
the total number of contractions over the 10 min recording
period. This technique has been used previously to quantify
gut motility.25 In preliminary experiments, we validated this
assay by comparing spatial temporal mapping with manual
analysis with similar results (data not shown).

Coordinated motility patterns were defined as a series of
propagating muscular contractions in the middle and distal
segments of the intestine that narrow the lumen and result in
mixing and/or propulsion of intestinal contents in the aboral
direction. By this definition, muscular contractions primarily
support propulsion of luminal contents but also support a
mixing function.6 Data presented here quantify GI motility in
the middle and distal intestine up to 9 dpf because distance,
velocity, and frequency did not appear to change significantly
at later developmental stages (11 and 14 dpf). The proximal
end of the middle intestine was identified as the point at
which the intestinal lumen was obviously narrowed, similar
to the defined mid-intestine by Kuhlman and Eisen,22 and
Holmberg et al.25 We developed a method to simplify the
comparison of motor patterns between multiple larvae to
assess the degree of coordination. The motility index (MI) is a
binary system to score STMaps as coordinated (1) or unco-
ordinated (0). Most individual contractions completely
propagated from the intestinal bulb to the anus. In contrast,
short contractions that do not propagate were not analyzed
because they appear to be focal contractions that originate in
smooth muscle and propagate passively to neighboring
smooth muscle cells. This type of contraction is not regulated
by enteric neurons or ICC and would not be scored as coor-
dinated. We defined ‘‘coordinated’’ STMaps as those with at
least 75% of contractions fully propagating and with no more
than 1 irregular or skipped contraction for each STMap
(during the 10 min recording period). We anticipated that
approximately 75% of the contractions should fully propagate
when regulatory elements are completely developed in the
zebrafish GI tract.27

It is possible that fasting until 7 dpf negatively influences
zebrafish health and GI motility patterns, because zebrafish
normally begin feeding at 5 dpf. Effects of feeding on devel-
opment were assessed by measuring standard length in fed
and in fasted larvae at 7 dpf. Standard length averaged
4.0 – 0.3 mm (n = 5) in fasted larvae, and 3.6 – 0.8 mm (n = 8) in
fed larvae, similar to values reported by Parichy et al.28 The
effects of fasting at 9 dpf were not evaluated because all larvae
in this study were fed beginning at 7 dpf. GI motor patterns
were measured in 7 dpf fasted larvae, and in larvae that were
fed once per day beginning at 5 dpf. Larvae were not fed on
7 dpf so that intestinal contents would not influence GI motor
patterns. Contractions were observed in every fasted larvae
(n = 7) and in 6 out of 7 fed larvae. Coordinated contractions
in the middle intestine were observed in 4 fed larvae and in
3 fasted larvae. No changes were observed in the average
number of contractions, frequency, interval, distance, or
velocity.

Solutions and drugs

Imatinib mesylate was obtained as a gift from Novartis
(Basel, Switzerland) and was dissolved in dH2O water to
prepare a 10 mM stock solution. For experiments using im-
atinib mesylate, embryos were maintained in E3 containing

40 lM embryo medium beginning at 4 dpf. Preliminary ex-
periments showed that imatinib mesylate at 100 lM added
shortly after fertilization, or at 4 dpf, was lethal.

Statistics

Results are presented as mean – standard error (SE). The
number of different larvae used for each experiment is given
as N. Larvae from at least 2 separate clutches were used for
every experiment. Motility index data were analyzed using a
Fisher’s exact test with a confidence interval of 95%. Data
involving parameters and age were analyzed using the Chi
squared test for trend with alpha < 0.05 representing a sta-
tistical difference. Data involving comparisons between
Imatinib treated and untreated were analyzed using an un-
paired Student t test with p < 0.05 representing a statistical
significance.

Results

GI motor patterns were examined in zebrafish larvae dur-
ing development beginning at 5 days post-fertilization (dpf)
before Kit + cells are observed, but after feeding begins and
spontaneous contractions appear.14 Ring-like contractions
that completely occlude the lumen originated close to the
transition between the intestinal bulb and the mid-intestine
and propagated in both the oral and aboral directions. The
region in which propagating contractions occurred is indi-
cated by rectangular bars drawn just beneath the GI tract of a 7
dpf larvae with the middle and distal intestine region marked
in black, and the anterior intestinal bulb region marked in
gray (Fig. 1A). Three separate regions of coordinated motor
patterns have been previously described.22,29 Orally propa-
gating contractions are observed in the intestinal bulb, ab-
orally propagating contractions are observed in the middle
intestine, and orally propagating contractions are observed
near the anus. Each type of propagating contraction, observed
at 5, 7, and 9 dpf, are highlighted in Figure 1B. Contractions in
the intestinal bulb were observed in 11 out of 14 5 dpf larvae,
and in all 7 and 9 dpf larvae. Contractions near the anus were
observed in most larvae that exhibited propagating contrac-
tions in the middle intestine. Focal contractions that do not
propagate were also observed in each region. This study
focused on propagating contractions in the middle intestine.
Aborally propagating contractions were easily identified in
the STMaps as dark ridges originating distal to the intestinal
bulb which propagated in the anal direction, (from left to
right; Fig. 1C). Motility patterns became increasingly coordi-
nated with the number of days post-fertilization and this is
apparent in the STMaps shown in Figure 1B–D. Contractions
in the middle and posterior intestine were observed in 10 of 14
larvae examined at 5 dpf, and 5 STmaps were scored as co-
ordinated (Fig. 1E). Short uncoordinated contractions were
observed in 5 larvae; 4 larvae did not have contractions. The
total number of propagating contractions per 10 min record-
ing period averaged 6.2 – 1.2 at 5 dpf (Fig. 1F). The number of
propagating contractions nearly tripled to 12.3 – 1.3 at 7 dpf in
the 10 min recording period ( p < 0.05) and were seen in every
larva examined. At 9 dpf, propagating contractions were also
observed in 100% of larvae, and coordinated motility was
observed in 6 out of 7 larvae. The total number of contractions
was 13.6 – 1.2 per 10 min recording period at 9 dpf ( p < 0.05).
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The properties of each propagating contraction were mea-
sured, resulting in values for contraction distance, velocity,
frequency, and interval (time between contractions) (Fig. 2).
The total number of contractions increased between 5 and 7
dpf, but the contraction distance and velocity was unchanged.

Contraction frequency increased from 1.08 – 0.06 contractions/
minute at 5 dpf (n = 14) to 1.53 – 0.10 contractions/min at 7 dpf
(n = 8, *p < 0.05). The average interval between successive
contractions decreased from 70.3 – 6.5 sec to 44.3 – 3.2 sec
(P < 0.05). Therefore, the propagating motor patterns at 5 dpf
occurred less frequently, but the observed contractions were
essentially identical in length and in speed compared to
contractions at 7 and 9 dpf.

FIG. 1. Development of coordinated motility patterns in
zebrafish larvae. A 7 dpf larvae is shown in panel A. The
anterior bulb and mid-distal intestine are indicated with gray
and black bars, respectively. Standard length is shown in
panel A and was measured from the snout to the posterior
end of the notochord. The region of interest used to construct
STMaps is outlined in black in images shown above the
STMaps in panels B, C, and D. Patterns of propagating
contractions are revealed in STMaps as dark ridges. Short
contractions beginning in the mid- and distal intestine and
propagating toward the anus are seen at 5 dpf (B). Retrograde
contractions are apparent in the anterior region, and short,
rapid contractions are apparent near the anal region (arrows,
B). Contraction patterns in the mid- and distal intestine were
more consistent and individual contractions were longer and
more frequent at 7 and 9 dpf (C, D). The motility index, a
measure of contraction coordination, increased from 36%
(n = 14) at 5 dpf to 88% (n = 8) at 7 dpf and 86% at 9 dpf (n = 7)
(E). The number of STMaps showed coordinated motor pat-
terns increased (black bars) and the number of maps scored as
uncoordinated decreased (gray bars) between 5 and 7 dpf. The
number of propagating contractions per 10 min recording also
increased from 5 to 7 dpf and 9 dpf (n = 7) (F); *p < 0.05.

FIG. 2. Quantification of individual contractions with lar-
vae age. Contraction distance and velocity were not changed
significantly between 5 (n = 9), 7 (n = 8), and 9 dpf (n = 7)
(A and B). Contraction frequency increased (C) and interval
(D), or time between contractions, decreased at 7 dpf com-
pared to 5 dpf; *p < 0.05.

FIG. 3. Measurement of larvae and mid intestine length at
5 (n = 9), 7 (n = 8), and 9 (n = 7) dpf. Total larvae length (light
bars) and the mid-intestine length (dark bars) did not increase
between 5 and 9 dpf; p > 0.05.
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The total length of the zebrafish (standard length) and the
length of the mid-intestine were measured to exclude the
possibility that changes in GI motility result from a simple
increase in length of the larvae or the mid-intestine during
developmental growth. Our definition for standard length
(SL) was identical to Parichy et al.,28 and is represented by the
black arrow in Figure 1A. The mid-intestine is indicated by the
gray bar just beneath the intestine. SL did not increase during
development from 5 to 9 dpf (SL was 4.1 – 0.04 mm at 5 dpf,
4.1 – 0.04 mm and 4.1 – 0.06 mm at 7 and 9 dpf, Fig. 3). Mid-
intestine length was also unchanged.

We next explored the role of Kit signaling on GI motility
patterns. Imatinib mesylate (40 lM) was added to the embryo

water as soon as the GI tract developed at 4 dpf to block Kit
activity, and the effects on GI motor patterns were analyzed.
STMaps at 5, 7, and 9 dpf from embryos raised in the presence
of imatinib mesylate show incomplete and poorly developed
motility patterns (Fig. 4A). Imatinib mesylate reduced the
number of larvae with coordinated motor patterns, as well as
the total number of propagating contractions (Fig. 4). When
contractions were present in treated larvae, the average con-
traction distance was reduced when compared to control
larvae. The effects of imatinib mesylate were most pro-
nounced at 9 dpf when just 3 out of 9 larvae displayed a
normal motility index, compared to 6 out of 7 control lar-
vae. The total number of contractions for imatinib mesylate-
treated larvae was reduced by&50%, contraction distance
was decreased from 492 – 61 lm to 183 – 12 lm, and frequency
decreased from 1.53 – 0.5 to 1.08 – 0.05 contractions/min
(Fig. 4D–G).

The role of Kit signaling on GI motility patterns was also
examined using Sparse, a null kita mutant. Homozygous
Sparse mutant larvae display reduced melanocyte numbers
and this phenotype was used to identify homozygous

FIG. 4. Treatment with imatinib mesylate inhibits develop-
ment of coordinated motility patterns. STMaps from treated
larvae (n = 16) show fewer contractions that appear disorga-
nized when compared to age-matched control larvae (N = 9)
(A, B, C, compared to Fig. 1). Imatinib mesylate decreased the
number of coordinated motor patterns (black, D), contraction
number (E), distance (F), and velocity (G) at 9 dpf; *p < 0.05.

FIG. 5. Development of GI motor patterns is incomplete in
Sparse mutants. STMaps at 5 dpf (A), 7 dpf (B), and 9 dpf (C)
show relatively few contractions when compared to control
larvae (see Fig. 1). Motor patterns are poorly coordinated
with propagating contractions moving in the oral and the
aboral directions (see A). Coordinated motility patterns were
observed in 1 of 4 larvae at 5 dpf, 5 of 12 larvae at 7 dpf, and
4 out of 14 larvae at 9 dpf (D). The total number of con-
tractions did not change during development (E); p > 0.05.
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mutants.19 STMaps of Sparse homozygous mutant larvae at 5,
7, and 9 dpf are shown in Figure 5A–C. The STMaps show
fewer contractions that were poorly coordinated when com-
pared to heterozygous or wild-type larvae (compare to Fig. 1).
The motility index and the total number of contraction did not
increase in Sparse homozygous mutants during development
from 5 to 9 dpf (Fig. 1D and E). No changes were observed in
contraction distance, velocity, frequency, or interval during
development from 5 to 7 dpf in Sparse. However, comparing
motility patterns in Sparse with wild-type larvae at 7 dpf
revealed a decrease in the average number of contractions
and in the motility index. At 7 dpf the average number of
contractions in Sparse was less than wild-type larvae (6.9 – 1.0
and 12.3 – 1.3, p < 0.05). In 7 dpf Sparse larvae, 5 out of 12
recordings had a motility index of 1 compared to 7 out of 8
recordings in wild-type larvae.

Discussion

Results presented here show that Kit signaling contributes
to development of spontaneous and rhythmic motility pat-
terns in the zebrafish GI tract. Although spontaneous GI
contractions begin at 4 dpf, our analysis showed that coor-
dinated motility patterns did not fully develop in the middle
intestinal segment until 7 dpf. Previous work did not identify
Kit + cells at 5 dpf, but Kit + cells were present at 7 dpf.14

Therefore, development of coordinated motility patterns
coincides with appearance of Kit + cells. The data suggest a
functional role for zebrafish Kit + cells in GI motility that is
consistent with the role of ICC in the mouse GI tract.14 Binding
of Kit ligand to Kit initiates a signaling pathway that is es-
sential for the normal development and the survival of ICC in
the mouse GI tract.9,30 We examined the role of Kit signaling
in zebrafish using the Kit antagonist imatinib mesylate to in-
hibit Kit signaling. Imatinib mesylate disrupted development
of coordinated motility patterns, suggesting that Kit signaling
was necessary for development of coordinated motility pat-
terns in the zebrafish GI tract. The results are consistent with
studies in mice where Beckett and co-workers showed that
imatinib mesylate disrupted electrical pacemaker activity in
jejunal smooth muscle cultures derived from embryonic
mice.10 Imatinib mesylate is relatively selective for Kit but also
blocks platelet-derived growth factor alpha (PDGFRa).31 Data
presented here correlating the appearance of Kit + cells at 7
dpf and development of coordinated motility patterns at 7
dpf, as well as the dysmotility observed in null Kita Sparse
mutants, suggest that imatinib mesylate specifically inhibited
Kit in this study. Spontaneous contractions were observed in
Sparse but coordinated motility patterns did not develop after
5 dpf. The data show that kita function is required for devel-
opment of coordinated motility patterns. These results are
similar to data from the mouse where severe reductions in
ICC density disrupt GI motility patterns, but do not eliminate
propulsive contractions that support motility.6,11

Mechanisms controlling GI motility patterns, including
smooth muscles, enteric neurons, and ICC, are interconnected
and overlapping.6 Distinct and precise roles for each regula-
tory element are difficult to assign because lesions in two
different elements can result in identical disruptions in GI
motility, and remaining control elements compensate. For
example, myogenic mechanisms compensate in mouse mod-
els lacking enteric neurons and in GI tissues after complete

neural blockade with tetrodotoxin.7,32,33 In the zebrafish, GI
motility patterns are inhibited by tetrodotoxin at 7 dpf
but&50% of the propagating contractions persist and these
remaining contractions are essentially normal.25 Therefore, it
is possible that myogenic or ICC compensatory regulation are
sufficient for development of propagating motor patterns.
The role of enteric neurons during development of GI motility
in the zebrafish has been examined previously and develop-
ment of enteric neurons between 3 and 7 dpf was correlated
with increasing development of organized GI motility pat-
terns.29 Kuhlman and Eisen screened zebrafish mutants and
showed a correlation between the number of enteric neurons
and coordination of GI contactions.22 Therefore it is reason-
able to conclude that coordinated motor patterns in the zeb-
rafish GI tract are regulated by enteric neurons and by ICC
and that diminished influence by a single regulatory element
may be compensated. It is also possible that environmental
conditions influence development of regulatory mechanisms
and that feeding affects ICC development. The results pre-
sented in this article correlating inhibition of Kit signaling
with disruptions in GI motility patterns, but not complete
blockade of GI motility, are consistent with the mouse
model system. Future work is necessary to characterize elec-
trical activity, and the presence or absence of an electrical
slow wave in the zebrafish GI tract that supports muscle
contractions.

In summary, the results in this study show that coordi-
nated GI motility patterns develop between 5 and 7 dpf,
and that reduced Kit signaling disrupts development
of coordinated GI motility patterns. Pharmacological in-
hibition of Kit signaling using imatinib mesylate provides
evidence for a functional role for the zebrafish Kit ortho-
logues kita. Taken together, these data provide a functional
role for Kit-positive cells in coordinated patterns of GI
motility.
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