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Neuronal development and migration in zebrafish hindbrain explants
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Abstract

The zebrafish embryo is an excellent system for studying dynamic processes such as cell migration during vertebrate development. Dynam
analysis of neuronal migration in the zebrafish hindbrain has been hampered by morphogenetic movements in vivo, and by the impermeabilit
of embryos. We have applied a recently reported technique of embryo explant culture to the analysis of neuronal development and migration i
the zebrafish hindbrain. We show that hindbrain explants prepared at the somitogenesis stage undergo normal morphogenesis for at least 1
in culture. Importantly, several aspects of hindbrain development such as patterning, neurogenesis, axon guidance, and neuronal migratic
are largely unaffected, inspite of increased cell death in explanted tissue. These results suggest that hindbrain explant culture can be employ
effectively in zebrafish to analyze neuronal migration and other dynamic processes using pharmacological and imaging techniques.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction to this approach. First, most studies thus far have analyzed
dynamic cellular processes occurring in superficial embry-
The transparent zebrafish embryo is an established modebnic tissues that can be imaged at high resolution, while
system for studying vertebrate development. The zebrafishdeepertissues especially in the head have been less accessible
is genetically manipulable, leading to the identification, by due to the curvature of the head around the yolk cell. Second,
microscopic observation of live embryos, of hundreds of immobilization of intact embryos for long-term observations
mutations affecting embryonic patterning and morphogen- (3 h or longer) hinders normal morphogenetic movements,
esis Haffter et al., 1996; Driever et al., 19p®oreover, the potentially affecting the process under observation. Finally,
transparency of the embryo has facilitated the observationthe embryonic skin is tough and quite impermeable, poten-
and analysis of dynamic cellular processes during epiboly andtially precluding the use of many pharmacological reagents
gastrulation Varga and Kimmel, 1990; Concha and Adams, that have been used very effectively to study dynamic pro-
1998; Jessen et al., 200lhematopoieisisHerbomel et al., cesses in cultured cells.
1999, neuronal migrationKoster and Fraser, 2001; Jessen To overcome these problemisangenberg et al. (2003)
et al., 2002, and growth cone guidance&ien et al., 1986;  devised a culture system that supports growth and develop-
Hutson and Chien, 2002; Gilmour et al., 2002 ment of a deyolked zebrafish embryo over long time periods.
Despite the obvious advantages of observing dynamic pro- Furthermore, this culture system was conducive to the obser-
cessesinthe intactembryo, there are experimental limitationsvation of dynamic processes in explants of the zebrafish ner-
vous systeml{angenberg et al., 2003However, before the
mpondmg author. Tel.: +1 573 882 5166; fax: +1 573 884 5020. explant culture techn?que can be used for studying particullar
E-mail address: AnandC@missouri.edu (A. Chandrasekhar). cell types, one must rigorously test whether the explanted tis-
1 These authors contributed equally. sue in the region of interest preserves the native (endogenous)
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environment, and whether the cell type to be studied behaves 16 hpf embryo
normally in explant culture. We are investigating the cellular
and molecular mechanisms underlying facial branchiomo-
tor neuron (FBMN) migration in the zebrafish hindbrain
(Bingham et al., 2002; Jessen et al., 2002; Chandrasekhar,

Inject ATP analog

De-yolk embryo

2004. FBMN migration has been intensively studied in Cut off and discard trunk and tail

mouse Garel et al., 2000; Studer, 2004nd zebrafish (our / \

work; Cooper et al., 2003s a model for tangential neuronal Embed head Transfer explant
migrations in the vertebrate braiérin and Rubenstein, explant in agarose to culture dish
2007). Therefore, we investiggted Wheth_er zebrafish e>_<p|ant Time-lapse Assay morphogenesis
culture could be another tool in our studies of FBMN migra- video-microscopy and neural development

tion. We show here that tangential (caudal) migration of _ _ _ .
FBMNS occurs normallyin cultured hindbrain explants. The Fig- 1. Generation and analysis of hindbrain explants. Embryos were

. . injected with the ATP analog (AMP-PNP) in the yolk cell. Following yolk
explants remain healthy foratleast14 hinculture, and several removal, the embryo was decapitated, and the head fragment containing the

aspects of hindbrain developmer_1t a_nd patterning are mO_SHYhindbrain was either embedded in agarose for imaging and video microscopy
unaffected. These observations indicate that the analysis ofor transferred to culture medium for assaying morphogenesis and neural

FBMN migration in hindbrain explants is a powerful com- development at subsequent stages. (see Sezfmrdetails).
plementary approach to the analysis of this dynamic process

in the intact zebrafish embryo. 1 ml/well 67% L-15 medium (see above). Control embryos
were dechorionated and incubated in identical conditions to
explants.

2. Materials and methods Embryos or hindbrain explants were embedded in 0.4%
agarose for time-lapse microscopy. Briefly, an explant or

2.1. Animals embryo was transferred to a 1.5ml microfuge tube con-

taining 200wl of 100% L-15 medium, supplemented with

Maintenance of zebrafish stocks, and collection and devel- Penicillin/Streptomycin cocktail and glucose (but no water).
opment of embryos in E3 embryo medium were carried out To this tube, 10@.I of melted agarose solution (1.2% agarose
as described previously\esterfield, 1995; Chandrasekhar dissolved in sterile water, and maintained at°63 was
et al., 1997; Bingham et al., 20pZTo facilitate analysis of ~ added, mixed gently, and the tissue was manipulated into
branchiomotor neuron development, fish carrying the motor the desired orientation in a small drop of agarose/L-15
neuron-expresseidier/-GFP transgeneHligashijima et al.,  solution placed on a pre-warmed microscope slide. Upon
2000 were used to obtain embryos for all experiments. gelling, the agarose above the area of interest was gen-
Throughout the text, the developmental age of the embryostly removed, the agarose drop was covered with 67% L-
corresponds to the hours elapsed since fertilization (hours15 solution, and the explant/embryo was observed using

post fertilization, hpf, at 28.5C). long-working distance objectives on an Olympus BX60
microscope. Bodipy ceramide labeling (to assay neuroep-
2.2. Explant preparation and mounting ithelial cell shapes) and acridine orange labeling (to assay

cell death) of explants and embryos were performed essen-
The procedures for removing the yolk cell, generating tially as described Rrand et al., 1996; Cooper et al,

explants, and mounting for observation were essentially 1999, and the tissue was embedded as described above.
the same as those described previousgngenberg et al.,  Acridine orange-labeled tissue was imaged using epifluo-
2003 Fig. 1), with the following modifications. The non-  rescence on the BX60 microscope, and bodipy ceramide-
hydrolyzable ATP analog (AMP-PNP, Sigma) was prepared labeled tissue was imaged on an Olympus IX70 micro-
to a concentration of 50 mM by dissolving in 100 mM phos- Scope equipped with a BioRad Radiance 2000 confocal laser
phate buffer (pH 7.4) containing 0.1% phenol red. The stock System.
L-15 amphibian culture medium (GibcoBRL) was diluted to
67% with sterile water, and supplemented with tissue culture 2.3. Immunohistochemistry, in situ hybridization, and
penicillin/streptomycin cocktail (¢ final), and 1 M glucose  imaging
(10 mM final). Following AMP-PNP injection, embryos were
deyolked in sterile E3, washed twice in E3, transferred and  Whole-mount  immunohistochemistry  was  per-
maintained in L-15 solution (80% stock L-15, 20% sterile E3) formed with various antibodies as described previously
until all explants were ready for extended incubation. Hind- (Chandrasekhar et al.,, 199Bingham et al., 2002
brain explants were obtained by cutting deyolked embryos Vanderlaan et al., 2005 Synthesis of the digoxygenin-
with a fine scissors in the rostral spinal cord. For long-term and fluorescein-labeled probes, and whole-mount in situ
culture, up to eight explants were transferred under sterile hybridization were carried out as described previously
conditions to awell in 24-well tissue culture plates containing (Chandrasekhar et al., 1997; Prince et al., 1998; Bingham et
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