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Vertebrates have a highly organized and centralized
nervous system, while the nervous system of invertebrate
animals is various, ranging from the diffused nervous sys-
tem in jellyfish to a moderately centralized nervous system
in insects. The diversity of the nervous system is based on
the genetic information that has been accumulated and
sophisticated in the course of evolution. We perform com-
parative analyses on the structure, function and expression
of genes critically involved in the neurogenesis, such as Zic
and Slitrk, as well as other uncharacterized genes expressed
in neural tissue. These analyses aim for a comprehensive
understanding of the role of the genes and cis-regulatory
elements required for the appearance of the complicated
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nervous system in animals. We are also trying to develop
an experimental system that is useful for the phylogenic
evaluation of the neurogenic genes.

In 2004, we first established an experimental system for
comparative genomic analysis. The systems include fos-
mid genomic libraries from various invertebrate animals
and an enhancer analysis system using chick whole em-
bryo cultures and transgenic frogs. The experimental sys-
tems allow us to perform phylogenetic comparisons effi-
ciently. The Zic gene was first subjected to comparative
genomic analysis. We cloned and determined the struc-
ture of Zic genes from chordata, echinodermata, mollusca,
arthropoda, platyhelminthes, cnidaria. The comparison of
their genomic structure allows us to identify the conserved
sequence both in the protein coding and non-coding re-
gions. The conserved regions were subsequently analyzed
for their biological significance by protein function analysis
with site-directed mutagenesis and enhancer assays. As a
result, the functionally important amino-acid residues and
a potential candidate for the genomic regulatory sequence
that controls appropriate gene expression in the developing
neural tissue has been identified. In addition, we have fo-
cused the diversity of the nervous system as the next chal-
lenging topic. To this end, we chose animals that have not
been fully analyzed in terms of their neurogenic processes
as research subjects. The subjects are currently chosen
from cnidaria, platyhelminthes, and annelida. The genetic
materials have been prepared from these subjects. The
next focus would be the development of the gene function
analysis system using the selected animals.

As a continuing major research theme, we have been
working on the molecular basis of the Zic family genes-
mediated developmental processes. Three main topics
have been dealt with in 2004. The first one is the molec-
ular function of Zic proteins. So far we have identified
five groups of Zic binding proteins that may have biolog-
ical significance. The protein-to-protein interactions were
analyzed in terms of their roles in various developmen-
tal contexts. We generated mutant Zic proteins that lack
binding ability to particular proteins. By a comparative
analysis using these mutant proteins, we are investigating
the possible role of the target protein-to-protein interac-
tion. Second, are projects to reveal the function of each
Zic protein. In particular, vertebrate generally have five
Zic-related genes (Zicl-5) in their genome. Zicl, Zic2 and
Zic3 genes are known to be involved in the occurrence of
congenital anomalies in human beings. We carried our
comparative analyses of their molecular functions, and re-
vealed that there is a significant functional difference be-
tween the Zicl/Zic2/Zic3 and Zic4/Zich subgourps. The
analysis of the newly generated Zic5 mutant mice revealed
their active participation in the generation of the neural
crest tissue, which was revealed in a previous study using
frog embryos. Further analysis has been carried out on
various Zic compound mutant mice. The compound mu-
tants generally show a more severe phenotype than single
mutant mice, allowing us to reveal an previously uniden-
tified role of mammalian Zic genes. The third research
subject is the behavioral property of the Zic mutant mice.
We analyzed the behavioral property of Zic3-deficient mice
by a battery of behavioral tests in comparison to heterozy-
gotes of Zicl and Zic2 mutant mice. The analysis showed
that there is a significant behavioral abnormality in Zic3
mutant mice, represented by poor horizontal locomotor ac-
tivity and hypotonia, which were also observed in the Zicl
mutant mice. In addition, we found that oculomotor coor-
dination is impaired in the Zic3 mutant mice.

812

Another main target in our laboratory is the control
of neural development by integral membrane proteins, in
particular, a group of proteins that we discovered re-
cently. Slitrk proteins are transmembrane proteins shar-
ing leucine-rich repeat domains in the N-terminal region
and a Trk receptor like sequence in their C-terminal re-
gions. There are six Slitrk related genes both in humans
and mice, that are predominantly expressed in develop-
ing and mature neural tissue. The expression profiles in
the neural tissues vary depending on the developing stage
and spatial locations. Previous studies revealed that they
are involved in the control of neurite patterning. We are
currently focusing an their molecular functions and their
role in mouse development. Slitrk mutant mice were suc-
cessfully generated and are currently under investigation.
In addition to the Slitrk family, we are also characterizing
some neuronal transmembrane proteins that are intriguing
in terms of their protein localization in neural tissue. Both
the Slitrk and other proteins are also subjected to phylo-
genetic genomic comparison analysis to understand their
significance in the establishment of the vertebrate nervous
system.

Research Subjects

1. Phylogenic comparative analysis of genes mediating
neurogenesis

2. Studies on the regulatory mechanism underlying the
proliferation and differentiation of neuronal progeni-
tors

3. Development of a gene function assessing system using
new model animals

Staff

Laboratory Head
Dr. Jun ARUGA

Research Scientists
Dr. Takahiko J. FUJIMI
Dr. Takashi INOUE
Dr. Akira ISHIGURO
Dr. Kei-ichi KATAYAMA
Dr. Naoko MORIMURA

Technical Staff I
Ms. Maki IDETA
Ms. Akiko KAMIYA
Ms. Yayoi NOZAKI
Ms. Maya OTA
Ms. Ai SATOU
Ms. Yuri SHIMIZU
Mr. Hirokazu TAKAHASHI

Assistants
Ms. Mami HONDA

PR 16 R



RIKEN/BSI Collaborators

Dr. Kiyokazu AGATA (Lab. Evol. Regener. Biol., CDB)

Dr. Teiichi FURUICHI (Lab. Mol. Neurogenesis, BSI)

Dr. Shigeyoshi ITOHARA (Lab. Behav. Genet., BSI)

Dr. Katsuhiko MIKOSHIBA (Lab. Dev. Neurobiol.,
BSI)

Dr. Soichi NAGAO (Lab. Mot. Learn. Control, BSI)

Dr. Hideki NOGUCHI (Hum. Genome Res. Group,
GSC)

Dr. Fumihiro SHUTOH (Lab. Mot. Learn. Control, BSI)

Dr. Atsushi TOYODA (Hum. Genome Res. Group,
GSQO)

Dr. Yoshihiko UMESONO (Lab. Cell Adhes. Tissue Pat-
terning, CDB)

Dr. Shigenobu YAZAWA (Lab. Cell Adhes. Tissue Pat-
terning, CDB)

QOutside Collaborators
Dr. Barbara FRANKE (Dept. Hum. Genet., Univ. Med.
Ctr. Nijmegen, The Netherlands)
Dr. Kiyomi MIZUGISHI (NIDDK, NIH, USA)
Dr. Hiroo OGURA (Tsukuba Res. Lab., Eisai Co. Ltd)
Dr. Takashi SHIMIZU (Grad. Sch. Sci., Hokkaido Univ.)

Trainees
Mr. Minoru HATAYAMA (Grad. Sch. Med., Univ.
Tokyo)
Ms. Miyuki OGAWA (Grad. Sch. Med., Univ. Tokyo)
Mr. Takahide TOHMONDA (Grad. Sch. Med., Univ.
Tokyo)

& £ E ZFX Publications

(58]

(RFEMRL)  *FH3EZHRED S b5

Mizugishi K., Hatayama M., Tohmonda T., Ogawa M.,
Inoue T., Mikoshiba K., and Aruga J.: “Myogenic re-
pressor I-mfa interferes with the function of Zic family
proteins”, Biochem. Biophys. Res. Commun. 320, 233—
240 (2004). *

Ishiguro A., Inoue T., Mikoshiba K., and Aruga J.:
“Molecular properties of Zic4 and Zic5 proteins: func-
tional diversity within Zic family”, Biochem. Biophys.
Res. Commun. 324, 302-307 (2004). *

BRI 724 4

Inoue T., Hatayama M., Tohmonda T., Itohara S., Aruga
J., and Mikoshiba K.: “Mouse Zic5 deficiency results in
neural tube defects and hypoplasia of cephalic neural
crest derivatives”, Dev. Biol. 270, 146-162 (2004). *

Aruga J., Ogura H., Shutoh F., Ogawa M., Franke B.,
Nagao S., and Mikoshiba K.:
motor impairment associated with cerebellar dysgenesis

“Locomotor and oculo-

in Zic3-deficient (Bent tail) mutant mice”, Eur. J. Neu-
rosci. 20, 2159-2167 (2004). *

(& #)

Aruga J.: “The role of Zic genes in neural development”,
Mol. Cell. Neurosci. 26, 205-221 (2004).

O 8 % 3% Oral Presentations

(FEIBR&R5E)

Inoue T., Ota M., Itohara S., Mikoshiba K., and Aruga J.:
“Mouse Zic5 deficiency results in hypoplasia of cephalic
neural crest derivatives and neural tube defects”, Cold
Spring Harbor Laboratory Meet. on Mouse Molecular
Genetics 2004, Cold Spring Harbor, USA, Sept. (2004).

Inoue T., Ota M., Mikoshiba K., and Aruga J.: “Syner-
gistic control of neural tube development by Zic2 and
Zic8”, 34th Ann. Meet. of Soc. for Neuroscience (Neu-
roscience 2004), San Diego, USA, Oct. (2004).

(EM &)

L EE, LS, REEE #T5ERE, AEM: “Mouse
Zich deficiency results in neural tube defects and hy-
poplasia of cephalic neural crest derivatives.”, HAF§4:
R 37 MR &, b, 6 H (2004).

B, FILE—, TFHET, VERESE: “The role of Slitrk
transmembrane protein family in neural development”,
55 27 [0l HARRER RS - 5 47 M H AR LA AR R
ARIKE (Neuro2004), KB, 9 A (2004).

FESE TS50, A A “Functional properties of Zic4
and Zich, in nuclear transport and transcriptional regu-
lation”, %5 77 [0l H AR AEALF R R, #iE, 10 H (2004).

b, Mg, KHEERR, A& “FHE Stk 7 7
) — OFEBEML O, 5 27 [0l H ARG Y A R4
4 M, 12 H (2004).

AT, HE B, Il AR IR 2 3
9 % # leucine-rich repeat 7 7 I V) — Lrfnl-5 D41
LwimT, 85 27 M H AR FAEWFERER, MF, 12 /]
(2004).

813



