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In summary then I can only praise in my highest words the outstanding contribution that Dr.
Nagahama has made in his research field. He has had during the last ten years a major impact on
the development of the field of fish reproductive biology. He is an outstanding scientist
contributing to all ongoing discussions and certainly a leading expert in the field. His research

activities can be summarized in one word, namely outstanding.
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I had personally the opportunity to attend several of the Plenary Lectures given by Prof. Nagahama.
It is always a great learning experience listening to his presentations. I feel both respect and
admiration for his scientific achievement, and I have no doubt that he will continue to contribute to
the advancement of science in many different ways and, as an eminent scientist, to produce
ground-breaking work in the future.

Therefore, it is without any hesitation that I give the highest appreciation on Prof. Nagahama’s

research activity.
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Professor Nagahama has been extraordinarily productive over the past ten years and has brought
genuine insights into his chosen fields of research. In addition, he has actively participated in a
range of scientific societies and endeavors. I can only conclude by saying he is deserving of the

highest commendation for his research achievements.
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Research activity
(1997-2007)

Yoshitaka Nagahama

Professor

Laboratory of Reproductive Biology
National Institute for Basic Biology
Okazaki 444-8585, Japan



1. Statement of research activity in the past 10 years

My research interests are broadly directed at reproductive biology and the endocrine
control of reproduction in vertebrates and invertebrates. From a practical point of view,
however, my research during the last 10 years has focused on two events: (1) sex
determination/gonadal sex differentiation, sex change and sexual plasticity, and (2)
oocyte maturation and ovulation.

1) Molecular mechanisms of sex determination/gonadal sex differentiation,
sex change, and sexual plasticity.

In vertebrates, sex determination is a key event for the development of either testis
or ovary. In fish, sexual characteristics and gonadal development vary from
gonochoristic species to several types of hermaphroditism (Devlin and Nagahama,
2002). Thus, the sex determination and gonadal sex differentiation in fish will broaden
our understanding of these processes beyond the specific details found within the group.
We are investigating the molecular mechanisms of sex determination and gonadal sex
differentiation using two fish species, the medaka, Oryzias latipes (sex determination)
and tilapia Oreochromis niloticus (gonadal sex differentiation). We are particularly
interested in identifying genes or hormonal factors that may regulate the early
development of fish gonads. We are also investigating the mechanisms of sex change
and sexual plasticity using sex-changing fishes and adult gonochoristic fishes.

A) Sex determination

In addition to its small size and short generation time, the medaka has two major
advantages for genetic research: a large interstrain diversity within the species and the
existence of several inbred strains. As in mammals, sex determination in medaka is
male heterogametic (a stable genetic XX/XY sex determining system). Using positional
cloning and detailed sequence analysis of BAC clones (Matsuda et al. 2001) by
shotgun sequencing, we located a unique gene in the short sex-determining region on
the Y chromosome. This gene consists of six exons and encodes a protein of 267 amino
acids including the highly conserved DM domain. The DM domain was named after a
related DNA binding motif found in two proteins, doublesex (dsx) and mab-3, involved
in sexual development in Drosophila and C. elegans, respectively. This Y-specific
DM-domain gene was named DMY (DM-domain gene on the Y chromosome)
(Matsuda et al. 2002), or Dmrtlb (Nanda et al. 2002).

Two naturally occurring XY female medaka showed different mutations in the DMY
gene (Matsuda et al. 2002). One of these mutants was found to carry a mutation
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causing a frameshift and premature termination of the DMY protein. When mated, all
XY offspring with the mutant Y were female. The other mutant had a severe depression
in DMY expression in the embryo and 60% of its XY offspring with the mutant Y
developed as females. Taken together, the loss-of-function mutant and the depressed
expression mutant strongly suggest that DMY is required for normal testicular
development. More recently, we demonstrated that a genomic DNA fragment carrying
DMY, containing about 56 kb of the coding region, was sufficient to induce testis
differentiation and subsequent male development (Matsuda et al. 2007). These data
demonstrate that DMY is sufficient to induce male development in XX medaka. It is
important to note that DMY transgenic XX medaka are fully functional and fertile males,
whereas Sry transgenic mice are sterile (Koopman et al. 1991). Thus, medaka is the first
transgenic vertebrate shown to undergo complete sex reversal. Taken together, these
loss- and gain-of-function studies indicate that DMY is the sex-determining gene of
medaka. DMY (Matsuda et al. 2002) or Dmrtib (Nanda et al. 2002) is thus the first
sex-determining gene to be found in nonmammalian vertebrates.

Y chromosome-linked DMY appears to have originated from a duplicate copy of
autosomal DMRT] (DM-related transcription factor 1), another DM domain gene that is
most homologous to DMY and is involved in male development in various vertebrates
(Lutfalla et al. 2003; Nanda et al. 2002). Then, the duplicated DMRTI in the Y
chromosome acquired a new function as a sex-determining gene, DMY (Matsuda 2005).
Further, DMY is also found in Oryzias curvinotus, which is most closely related to
medaka (Matsuda et al. 2003), but is not found in other Oryzias species or in other
fishes (Kondo et al. 2003). Importantly, there is no sequence homology between two
known sex-determining genes, SRY/Sry and DMY (Sinclair et al. 1990; Matsuda et al.
2002; Nanda et al. 2002). Taken together, these findings suggest that the factor at the
top of the cascades responsible for sex determination exhibits extensive diversity among
vertebrates.

Till to date, no targets could be identified for DMY to delineate its mechanism of
action. The expression patterns of DMRTI suggested that it could be a possible target of
DMY, but it starts to display sexually dimorphic expression pattern around 20 dah only
(Kobayashi et al. 2004). This has ruled out the possibility of DMRT] as the target gene
of DMY. Therefore, we continued our search for the targets and through cDNA
subtraction analysis followed by microarray hybridization we could find a candidate
gene, Gonadal Soma Derived Factor (GSDF) (A. Suzuki, H, Kaneko, Y. Nagahama,
et al., unpublished). The initial expression analysis revealed that GSDF is
sex-specifically up regulated in the males from the day of hatching, while its expression
is lower in the females. The expression is found to be specific to the Sertoli cells (in
both medaka and tilapia). We are now trying to generate medaka transgenic for GSDF
to understand more about its function and relationship with DMY,, if any.
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B) Gonadal sex differentiation

In tilapia, all genetic female (XX) or male (XY) broods can be obtained by artificial
fertilization of normal eggs (XX) with sex-reversed, pseudo male sperm (XX), or
normal eggs (XX) with super male sperm (YY), respectively (Nakamura et al. 1998).
Through cDNA subtraction between XX and XY gonads during sex differentiation and
microarray hybridization followed by gene expression analyses by RT-PCR and in situ
hybridization, we have concluded that in tilapia, Cypl9al/FoxI2 plays a crucial role in
ovarian differentiation and DMRT1 in testicular differentiation (Kobayashi et al. 2003;
Ijiri et al. 2007). The transcripts of aromatase (there are two forms of aromatase in
teleost fishes; the ovarian form (Cyp19al) and brain form (Cyp19a2) and FoxI2 were
expressed only in XX gonads at 5 dph, with a marked elevation in expression during the
next two days. Fadrozole (aromatase inhibitor, Al) or tamoxifen (estrogen receptor
antagonist) caused complete sex reversal of XX fry to functional males, confirming that
endogenous estrogens are critical for directing initial ovarian differentiation in tilapia
(Kobayashi et al. 2003). In XY tilapia fry, DMRTI gene is expressed male-specifically
in testicular Sertoli cells prior to and during sex differentiation (Guan et al. 2000;
Kobayashi et al. 2007). XX tilapia carrying extra copies of tilapia DMRTI as a
transgene induced various degrees of gonadal changes including complete sex change to
testis. It is of great interest to note that some of the sex reserved XX tilapia produced
sperm with extremely high motility (Wang et al. unpublished).

We then investigated the plausible role of FoxI2 in ovarian differentiation through
transcriptional regulation of aromatase gene (Cypl/9al), using mono-sex fry of tilapia
(Wang et al. 2004, 2007). Fox/2 expression, like that of Cypl9al, is sexually
dimorphic in gonads prior to the occurrence of morphological sex differentiation,
co-localizing with Cypl9al and Ad4BP/SF-1 in the stromal cells and interstitial cells in
gonads of normal XX and sex-reversed XY fish. Under in vitro conditions, Fox12 binds
to the sequence, ACAAATA in the promoter region of the Cypl9al gene directly
through its forkhead domain (FH), and activates the transcription of Cypl9al with its
C-terminus. FoxI2 can also interact through the FH with the ligand binding domain of
Ad4BP/SF-1 to form a heterodimer and enhance the Ad4BP/SF-1 mediated Cypi9al
transcription. Disruption of endogenous FoxI2 in XX tilapia by over-expression of its
dominant negative mutant induces varying degrees of testicular development with
occasional sex reversal from ovary to testis. These results suggest that FoxI2 plays a
decisive role in the ovarian differentiation of tilapia by regulating aromatase expression.

We also investigated the role of DMRTI1 in gonadal sex differentiation. Promoter
analysis by luciferase assays revealed that DMRT1 repressed the basal as well as
Ad4BP/SF-1 activated and FoxI2 enhanced Cypl/9al gene transcription in HEK 293
cells. Luciferase assays with various deletion mutations of DMRT1 revealed that DM
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domain is essential for the repression. /n vitro translated DMRTI1 and testis nuclear
extraction could directly bind to the palindrome sequences of TACATATGTA on the
Cyp19al promoter by EMSAs. DMRTI1 can form heterodimers with Ad4BP/SF-1 and
FoxI2 by direct physical interaction as revealed by pull down assays and mammalian
two-hybrid assays. Transgenic over-expression of DMRTI in XX fish resulted in
decreased aromatase gene expression, reduced serum estrogen levels, retardation in
ovarian cavity formation, varying degrees of follicular degeneration and even partial to
complete sex reversal. These findings suggest that aromatase is one of the target genes
of DMRTI1. DMRTI1 suppresses the female pathway by repressing aromatase gene
transcription and estrogen production in the gonad of tilapia and possibly other
vertebrates (Wang et al. submitted, under revision).

In addition, we recently discovered a novel type of P450c17 (P450c17-1I) which is
involved in the production 17a, 208-DP, the maturation-inducing hormone of fish
(Zhou et al. 2007a). The expression pattern of P450c17-1I transcripts in tilapia and
medaka (for example, its first appearance at 10-20 days after hatching (dah) in XX
tilapia and 70 dah in XY tilapia) suggests that P450c17-I1 might also be involved in the
initiation of meiosis during early sex differentiation in these fishes (Zhou et al. 2007b).
Further studies on these lines are expected to reveal whether 17a, 203-DP or another

C-21 steroid is involved in the initiation of meiosis and thus, the sex differentiation.

C) Sex change

Teleost fishes display the greatest diversity of sexual phenotypes. Of the many fish
species that are capable of socially mediated sex change, the marine goby (7rimma
okinawae), having ovarian and testicular tissues simultaneously in its gonad, is one of
only four species known to be able to change sex repeatedly in both directions
depending on its social surroundings, thus providing an excellent animal model to
investigate molecular mechanisms of sex-change (Kobayashi et al. 2004, 2005a,
2005b). Recently, we elucidated the involvement of gonadotropins in sex change by
determining the changes in gonadotropin receptor (GtHR) gene expression during the
onset of sex changes from female to male and male to female (Kobayashi et al.
unpublished). The expression of the GtHRs was found to be confined to the active
gonad of the corresponding sexual phase. When the sex change was occurring from
female to male, initially the ovary had high levels of FSHR and LHR, which eventually
went up in the testicular tissue once the fish had realized the fact that it was bigger than
the other in the aquarium. Opposite of this scenario was observed if another fish bigger
than the newly sex-changed male was introduced into this aquarium. Swapping of the
gonads started with switching of the GtHR expression that was discernible within 8-24
hrs of the visual cue. Further in vitro culture of the transitional gonads with a supply of
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exogenous gonadotropin (hCG) revealed that the to-be-active gonad acquired the ability
to produce the corresponding sex hormone within one day of the activation of GtHR.
Conversely, the to-be-regressed gonad did not respond to the exogenous gonadotropin,
demonstrating the absence of GtHR expression.

These findings suggest that the switching in the GtHR expression is an indication of
the active gonad’s responsiveness to endogenous gonadotropin and the linchpin of
successive sex-reversal. With all probabilities the brain of the bigger fish might change
its own sex first and then transduce the signal through an unidentified channel to the
corresponding gonad to switch the GtHR on. We could identify two genes, Cypl9a2 and
isotocin, specifically expressed in the adult female and male brains, respectively. Our
preliminary experiments on the expression pattern of these genes during the sex change
showed that Cyp/9a2 mRNA levels increase within 6 hrs of the initiation of sex change
from male to female, suggesting an important role for brain estrogen in the process of
sex change. Successive sex changing fish like 7. okinawae is an excellent animal model
to elucidate the mysterious role of brain in bringing out the sexuality of an individual
and also for the depiction of sexual plasticity at the organismal level.

In addition to 7. okinawae, we also use medaka to study the sex
determination/differentiation and sexual plasticity of the brain. Through cDNA
subtraction between male and female brains and microarray hybridization, we could
short-list seven male- and five female-specific genes, important for the sex
differentiation of the brain. Among these, the most promising candidates are DMY
(Ohmuro-Matsuyama et al. 2003) and the Y-specific copy of the gene Snaply, which
is also present in the autosomal chromosome of both males and females (Okubo et al.
unpublished). We are investigating the sex differentiation and/sexual plasticity of the
juvenile and adult medaka brain using these genes as molecular markers. These genes
will be useful tools to approach the problem from various directions. We have also
generated medaka transgenics with some of these genes.

D) Sexual plasticity in adult fish

With the exception of certain hermaphroditic species, most vertebrate species are
thought to have lost their sexual plasticity after differentiation of separate gonads/sexes
with a single, distinct gamete type (gonochorism) (Devlin and Nagahama, 2002).
Recently, we treated adult female tilapia with fadrozole (Al, a non-steroidal aromatase
inhibitor) to block the conversion of androgens to estrogens, for two to five months to
investigate whether sexual plasticity is retained in the adult gonochoristic fish
(Nakamura et al. unpublished). Suppression of estradiol-17f (E2) production via Al
treatment caused a rapid degeneration of primary oocytes, leading to testicular germ cell
differentiation in the adult ovary. Expression of the genes for the steroidogenic enzymes
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like, 35-HSD and P450SCC and the reduced levels of Cypl9al along with a rise in the
expression of the male-specific marker DMRT indicate the differentiation of testicular
type of somatic cells in the Al-treated gonads. Sex-changed fish show a typical male
pattern of reproductive hormone levels (E2, 11-ketotestosterone) and secondary sex
characteristics, producing fertile sperms in the newly formed testes. Additionally, these
fish display male-specific territorial behavior, pointing towards the changes that might
have occurred to the sex-specific neuronal circuits in the brain. Conversely,
co-treatment of E2 inhibited Al-induced sex reversal. Our results demonstrated for the
first time in any gonochoristic species that tilapia retains its sexual plasticity even in the
adult stage. Furthermore, these data indicate that estrogens are vital to the maintenance
of female phenotype in the gonochoristic species.

2) Hormonal regulation of oocyte maturation and ovulation

A period of oocyte growth is followed by a process called oocyte maturation (the
resumption of meiosis) which occurs prior to ovulation and is a prerequisite for
successful fertilization (Nagahama 1994). Oocyte maturation has been studied in a
variety of vertebrates and invertebrates including mammals, amphibians, fishes, and
starfishes, but the endocrine regulation of oocyte maturation has been investigated most
extensively in fishes (Nagahama 1977). Our studies using vertebrate (fishes) and
invertebrate (starfishes) models have revealed that the basic mechanisms involved in
oocyte maturation are the same in these two species, despite the differing chemical
nature of the hormonal agents involved. In both species, three major mediators have
been shown to be involved: gonad-stimulating substance (GSS), 1-methyladenine
(1-MeAde) (maturation-inducing hormone, MIH), and maturation-promoting factor
(MPF) in starfish, and gonadotropin (GtH, LH), 17a, 20p-dihydroxy-4-pregnen-3-one
(17a, 20p3-DP), and MPF in fish (Fig. 1).

The starfish GSS present in the radial nerves of starfish is the only known
invertebrate peptide hormone responsible for final gamete maturation in both ovaries
and testis, thus corresponding functionally to the vertebrate gonadotropins. Despite
much effort, however, attempts to determine the chemical structure of the GSS have
been unsuccessful. We have recently succeeded in purifying and determining the
complete amino acid sequence of GSS in starfish, Asterina pectinifera (M. Mita, M.
Yoshikuni, Y. Nagahama et al. unpublished) and showed that starfish GSS is a
relaxin-like heterodimeric peptide with a molecular weight of 4737, consisting of A and
B chains; the A chain contains 24 residues and the B chain 19 residues. The GSS ¢cDNA
encodes a preprohormone sequence with a typical cysteine motif of the
insulin/IGF/relaxin family in the A-chain. Chemically synthesized GSS is as active as
natural GSS in the homologous in vitro GVBD assay. Starfish with fully-grown testes
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or ovaries started to show spawning behavior and subsequently released fully mature
gametes within 30 minutes of the injection of the peptide. A dose-response stimulation
of cAMP and 1-MeAde production was observed when isolated follicle cells were
incubated with the synthetic heterodimeric GSS peptide. While the precise neural source
of these peptides and their physiological roles have not yet been defined, structural
identification of starfish GSS opens up a number of avenues of investigation into the
neurohormonal control of reproduction in invertebrates including echinoderms.

In fish, LH acts on ovarian follicle cells to produce fish MIH. It was in 1985 that we
identified, for the first time in any vertebrate species, 17a, 203-DP as the MIH of
amago salmon, Oncorhynchus rhodurus (Adachi and Nagahama, 1985, Dev. Biol.).
Later, this progestin was found to be the common MIH among various fish species
(Nagahama 1994, 1997). 17a., 20B-DP is synthesized by a two-step process involving
two ovarian cell layers, the thecal and granulosa cells. There is a distinct shift in
follicular steroidogenesis from estradiol-17f (E2) during oocyte growth (vitellogenesis)
to 17a, 203-DP during oocyte maturation. This occurs in two stages, the first being the
shift in the synthesis of precursor steroids in thecal cells, while the other is the shift in
the final steroidal mediator production in granulosa cells. We have already shown that
there is a distinct shift in the steroidogenic enzyme genes from ovarian aromatase
(Cypl19al) to 20B-hydroxysteroid dehydrogenase (203-HSD), occurring in the
granulosa cells of ovarian follicles prior to oocyte maturation (Guan et al. 1999; Guan
et al. 2000; Tanaka et al. 2002; Senthilkumaran et al. 2002; 2004; Yoshiura et al.
2003). The triggering of the steroidogenic shift by GtHs in granulosa cells occurs
through the subjugation of Ad4BP/SF-1 expression with respect to aromatase, followed
by an over-expression of 208-HSD probably through CREB (Watanabe et al. 1999;
Yoshiura et al. 2003; Senthilkumaran et al. 2004).

The major remaining question was the differential availability of precursor steroid,
17a-hydroxyprogesterone. This was essentially because till to date a single enzyme
P450c17, possessing 17a-hydroxylase and 17, 20 lyase activities to mediate the
production of estrogen and 17a, 208-DP has been described among the vertebrates in
general. To complicate the scenario further, this enzyme was found to be encoded by a
single gene. However, there were some studies that could not correlate the expression
pattern of this gene to the production of 17a, 208-DP in fish, leaving its mechanism of
action as a puzzle. Recently, we discovered a novel type of P450c17 (P450c17-1I)
lacking the lyase activity in several teleost species, and showed in both medaka and
tilapia that P450c17-11, but not P450c17-1, is responsible for the shift in precursor
steroid from testosterone to 17ca-hydroxyprogtesterone (Zhou et al. 2007a, 2007b).
Thus, our studies have resolved a long-standing question in the field of steroidogenesis
with respect to oocyte maturation (Nagahama and Yamashita 2007).
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The site of the action of 1-MeAde and 17a, 208-DP i1s the surface of the oocytes

(Nagahama 1997; Nagahama and Yamashita 2007). A distinct family of
G-protein-coupled membrane-bound progestin receptors (mPRs) was identified and
characterized, and seems to mediate non-genomic actions of steroids (Zhu et al. 2003;
Thomas 2004; Tokumoto et al. 2004; Tokumoto et al. 2006). The MIH signal received
on the oocyte surface is transduced into the oocyte cytoplasm for the formation and
activation of MPF, the final mediator of oocyte maturation. MPF is present in all
eukaryotic cells and functions as the dominant factor to promote M-phase of the cell
cycle, irrespective of meiosis and mitosis. Accordingly, MPF is currently known as the
M-phase-promoting factor rather than the maturation-promoting factor. Although MPF
exhibits a universal molecular structure as a complex of cdc2 and cyclin B in any
species, the mechanisms of MPF formation and activation have been modified to
various extents from species to species. In fish, 17a, 20p-DP leading to the de novo
synthesis of cyclin B, the regulatory component of MPF, which activates a preexisting
35-kDa cdc2 kinase via phosphorylation of its threonine 161 by a threonine kinase, thus
producing the 34 kDa active cdc2 (Nagahama and Yamashita 2007). We found that
poly(A) tail of cyclin B mRNA in mature oocytes is about 100 nucleotides longer than
that in immature oocytes. Elongation of the poly(A) tail of cyclin B mRNA takes place
at the same time as that of GVBD during oocyte maturation. These results suggest that
the MIH-induced cyclin B mRNA translation requires elongation of the poly(A) tail
(Katsu et al. 1977; 1999).

Vertebrate, Fish Invertebrate, Starfish
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Fig. 1 Hormonal control of oocyte maturation in fish and starfish.
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To investigate the mechanism of cyclin B degradation upon egg activation, 26S
proteasome was purified from goldfish oocytes and its role in the regulation of cyclin B
degradation was examined. An initial ubiquitin-independent restricted digestion of
cyclin B at K57 by the 26S proteasome allows the trancated 42-kDa cyclin B to the
ubiquitinated probably with the aid of APC/C, and then the ubiquitinated cycle B
becomes a target of further complete degradation by ubiquitin-dependent activity of the
26S proteasome, leading to the inactivation of MPF in the eggs (Tokumoto et al. 1977).

We have found that an endocrine-disrupting chemical, diethylstilbestrol (DES), a
nonsteroidal estrogen, triggers oocyte maturation in two fish species, the goldfish and
zebrafish (Tokumoto et al. 2004). In both species, the morphology (the time course of
the change in germinal vesicle breakdown) and an intracellular molecular event (the de
novo synthesis of cyclin B) induced by DES were indistinguishable from those induced
by 17a, 20B-DP. A synergistic action of DES on 17a, 20p-DP-induced oocyte
maturation was observed. Both 17a, 203-DP- and DES-induced oocyte maturation was
inhibited by an antibody against the 17a, 208-DP receptor. These results suggest that
DES may act on the 17a., 203-DP receptor as an agonist of 17c., 203-DP.

3) Ovulation

Ovulation is a precisely timed process by which a mature oocyte is released from an
ovarian follicle. This process is initiated by the pituitary surge of luteinizing hormone
(LH), is temporally associated with transcriptional regulation of several genes. The
molecular mechanisms that control the complex process of ovulation are not well
understood in vertebrates. Our recent studies (Shibata et al. unpublished) on medaka
have demonstrated that 17c, 20B-DP can induce ovulation (follicle rupture) in the
mature follicles in vitro. It is particularly important to note that this action of 17,
20B-DP is mediated through its nuclear progestin receptors (nPRs) expressed in the
granulosa cells. We could find that nPR mRNA expression is induced by gonadotropin
prior to ovulation. Thus, 17a, 20B-DP is the key hormone for the induction of not only
maturation (through its membrane receptors), but also ovulation (through its nuclear
receptors, Ikeuchi et al. 2002).

2. Perspective of research

As 1 have described above, the major areas of my focus have been sex
determination/differentiation, sexual plasticity, and oocyte maturation and ovulation.
Since I will have limited time, my major area of research will be centered on sex
differentiation and sexual plasticity during the rest of my career. To be precise, [ wish to
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focus my research to understand the role of brain in sexual behavior and gonadal sex
change, with an emphasis on the sexual plasticity of brain, using 7. okinawae and O.
latipes. Although there are many more important questions remaining unresolved in
oocyte maturation and ovulation, I may not be able to concentrate on this field of
research due to the lack of time. However, I hope that my collaborators and others will
continue their efforts to unravel the mysteries.

Sex determination/gonadal sex differentiation:

As afore-mentioned, we could identify several factors crucial for sex
determination/gonadal sex differentiation like DMY/DMRTI1/GSDF for the male sex
and Foxl2/aromatase for the female sex. In future, the first priority will be given to the
identification of a target gene of DMY. As already mentioned, GSDF expression 1s
found to be specific to the Sertoli cells during the early stages of sex differentiation.
Hence, I would like to mvestigate the role of GSDF in the testicular differentiation.
However, the attempts to identify the target of DMY will still be continued. In addition,
interaction of two major factors (transcriptional factors), DMRT1 and FoxI2 during the
initial stages of testicular and ovarian differentiation needs to be investigated. In parallel
with these studies, I will be interested in exploring the scope for the involvement of a
C-21 steroid in the initiation of meiosis. Previous experiments in mouse have shown
that timing of the initiation of meiosis is critical for the proper differentiation of the
gonad. Therefore, I am planning to carry out experiments that will unravel the
importance of the stage-dependent sexual dimorphism in the expression pattern of
P450c17-1I with respect to the initiation of the sex differentiation pathway. The research
on these lines may aid in unraveling another aspect of 17a, 208-DP’s function other
than resumption of meiosis (oocyte maturation) and ovulation. Thus, we may be able to
conclude that 17a, 20p3-DP i1s the first all-rounder in the regulation of meiosis, the key

event in germ cell differentiation and development (Fig. 2).
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Fig. 2 Roles of 17a, 208-Dihydroxy-4-pregnen-3-one in fish reproduction.
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Sex change:

Our data from various studies using 7. okinawae and O. latipes have prompted us to
hypothesize that brain is an important sex organ orchestrating the whole process of sex
differentiation. Sex-changing fish, Trimma okinawae can change its sex back and forth
from male to female and then to male serially, depending on the social status in
comparison with the other fish in the harem. The gonad corresponding to the sexual
status of the fish remains functional, while the other is regressed. We could understand
that the swapping of the gonads is initiated through a switching in the expression of the
gonadotropin hormone receptors, LHR and FSHR. These two genes act as mediators to
convey the information about the change in social status to the to-be-active gonad. Our
results suggest that the investigation of the transcriptional regulation of these two genes
might reveal the factors and mechanisms involved in the transduction of signals for sex
change, from the brain to the gonads. Then further to elucidate the molecular
mechanisms in detail, microarray hybridization will be performed. This will aid us in
short-listing the genes involved in the brain-gonadal axis. We also aim to study the
function of these genes in detail by screening for mutant libraries through TILLING
using medaka fish (in collaboration with Professor T. Todo and Dr. M. Matsuda). As
goby and medaka genomes are comparable, we expect to obtain precise results on the
molecular function of the genes involved in goby sex change. Apart from these genes,
we want to expand our knowledge regarding the role of Cypl19a2 and estrogen in the
sex differentiation and sexual plasticity of the brain as our preliminary data suggests
that Cypl9a2 could be a candidate gene associated with the sex-specific actions of the
brain.

As a model system to study the role of brain in sex behavior and plasticity, I will
continue to use medaka, especially to see whether the male-specific genes DMY and
Snaply have any role in the brain sex differentiation. In addition, efforts will be taken to
understand the sexual plasticity of the adult brain. For this purpose, we will use our
previously-established aromatase (Cyp9a2) transgenic medaka. I believe, the collective
data from the investigations on goby and medaka brains will provide a unique insight
into the involvement of the brain in sexual plasticity in the vertebrates in general.

Sexual plasticity in adult gonochoristic fish:

Our experiments with tilapia have shown that adult female gonochoristic fish can
reverse its sex when aromatase is inhibited by its antagonist fadrozole. Even though we
could elucidate that DMRT1 expression and absence of estrogen are involved in the
female to male sex-change, the origin of the testicular tissue could not be ascertained. I
am particularly interested in understanding the sexual plasticity of somatic cells in the
adult ovary by examining whether the granulosa cells transdifferentiate into the Sertoli
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cells or whether these Sertoli cells originate from the somatic stem cells that may
remain quiescent in adult ovary. Finally, we will also try to induce the male to female
sex change by treating XY adult males with estradiol-17f.

We also plan to repeat these experiments using another gonochoristic fish medaka.
The advantage of using medaka is the availability of transgenic lines with the markers
for germ cells (vasa and nanos), granulosa cells (Cypl9al) and Sertoli cells (DMRTI
and GSDF) (Tanaka et al. 2001; Lau et al. unpublished). The presence of these
transgenes in the gonads of these fish will facilitate the selection of specific cell types.
Further these cells will be transplanted to an adult host fish of opposite sex to see
whether they can transdifferentiate according to the sex of the host. A recently
developed organ culture systems for tilapia and medaka gonads will also be used (Sakai
et al. 2007). Furthermore, the gonads undergoing sex change induced by either
fadrozole or estradiol-17f treatments will be subjected to microarray hybridization
against the EST library of medaka gonads. Thus we will be able to understand the
cellular and molecular mechanisms involved behind the sexual plasticity in the adult
gonochoristic fish.

3. Description of other academic activities (education, service to the
academic communities, etc.)

I have membership in several scientific societies including International Federation
of Comparative Endocrinological Societies (IFCES), the Endocrine Society (USA),
Society for the Study of Reproduction (USA), Japan Society of Comparative
Endocrinology, Zoological Society of Japan, and Japan Society of Developmental
Biologists. Among these, I am the President of IFCES since 2005, and in particular, I
was involved since the formation of this society. I am also the Vice-President of the
Zoological Society of Japan and have been serving this society by holding various
positions like council member and editorial board member.

My other contributions to the scientific societies are to hold editorial board positions
in various national and international journals, especially I was the Editor-in-Chief of
Zoological Science for the last two years (2004-2006). During my term Zoological
Science was made completely online and this helped to augment the popularity of the
journal among the scientists all over the world. Since 1993, I have also been holding the
office of the Executive Editor responsible for the manuscript submission from the
Asia-Oceania region for the journal, Molecular Reproduction and Development.
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I am involved in many evaluation committees of various government and private
funding agencies. One of the most recent of this kind includes the evaluation committee
for the CREST project on Development, Differentiation, and Regeneration in Biological
Systems. I am a member of the Japanese Council for Science and the chairman of the
division for Marine Biology under this council.

I have been involved with the National BioResource Project for medaka, as the
chairman of the committee for the first 5 year phase of the project, and from April 2007,
I serve as the Principal Investigator of the second phase of this project. Thus, National
Institute for Basic Biology has become the centre for dissemination of medaka across
the world and we are trying to promote the usage of medaka as a model organism. This
is an excellent example for the kind of contributions that NIBB has made to the
scientific community.

For the last 20 years, I have been involved with the selection committee for the
Japan Students Science Award (JSSA), which is the oldest national science award in the
field of science, for middle school and high school students — each year more than
10,000 applications are submitted. Since this year, I am the chairman of the selection
committee of the JSSA. This has provided me with excellent opportunities to interact
with the young students and educate them.
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B.Sci. — Faculty of Fisheries, Hokkaido University — 1966 — Fisheries
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and Vale, W.W., eds.), pp. 196-203, Springer-Verlag, New York.

2. Nagahama, Y. (1997). 17a, 20B-Dihydroxy-4-pregnen-3-one, a maturation- inducing
hormone in fish oocytes: Mechanisms of synthesis and action. Steroids, 62,
190-196.

3. Nakamura, M, Kobayashi, T., Chang, X.T. and Nagahama, Y. (1998). Gonadal sex
differentiation in teleost fish. J. Exp. Zool., 281, 362-372.

4. Nagahama, Y. (2000). Gonadal steroid hormones: major regulators of gonadal sex
differentiation and gemetogenesis in fish. /n Reproductive Physiology of Fish
(Norberg, B., Kjesbu, O.S., Taranger, G.L., Andersson, E. and Stefansson, S.O. eds.),
pp- 211-222, Bergen.

5. Oba, Y., Hirai, T., Yoshiura, Y., Kobayashi, T. and Nagahama, Y. (2001). Fish
gonadotropin and thyrotropin receptors: The evolution of glycoprotein hormone
receptors in vertebrates. Comp. Physiol. Biochem., Part B 129, 441-448.

6. Devlin, R.H. and Nagahama, Y. (2002). Sex determination and sex differentiation in
fish. Aquaculture, 208, 191-366.

7. Matsuda, M. and Nagahama, Y. (2002). Positional cloning of the sex-determining
region of medaka using a Y congenic starain. Aquatic Genomes: Steps Toward a
Great Future. N. Shimizu, T. Aoki, I. Hirono and F. Takashima (eds.), 236-243,
Springer.
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8. Nagahama, Y., Nakamura, M., Kitano, T. and Tokumoto, T. (2004). Sexual plasticity
in fish: A possible target of endocrine disruptor actions. Environ. Sci., 11, 73-82.

9. Senthilkumaran, B., Yoshikuni, M. and Nagahama, Y. (2004). A shift in
steroidogenesis occurring in ovarian follicles prior to oocyte maturation. Mol. Cell.
Endocrinol., 215, 11-18.

10. Nagahama, Y. (2005). Molecular mechanisms of sex determination and gonadal sex
differentiation in fish. Fish Physiol. Biochem., 31, 105-109.

11. Nagahama, Y. and Yamashita, M. (2008). Hormonal regulation of oocyte
maturation and ovulation in fish. Develop. Growth Differ. in press.

J) Symposium presentations/Invited seminars,

1. 17a, 20B-Dihydroxy-4-pregnen-3-one, a maturation-inducing hormone in fish
oocytes: synthesis and action. EMBO Workshop on Meiotic Maturation, Cuenca,
Spain.

2. Nagahama, Y. (1998). Hormonal regulation of mitosis and meiosis in fish germ cells.
EMBO-Workshop on Reproduction and Early Development, University of Bergen,
Norway

3. Nagahama, Y. (1998). Hormonal induction of spermatogenesis in immature eel testis
during organ culture. 31* Annual Meeting, Society for the Study of Reproduction,
College Station, Texas, USA

4. Nagahama, Y. (2000). Gonadal steroid hormones in fish: their roles, synthesis and
actions. International Symposium on Molecular Steroidogenesis, Nara, Japan,
August 25-28.

5. Nagahama, Y. (2000). Sex steroid hormones and their receptors in fish gonads:
Potential sites of environmental endocrine disrupotrs. Gordon Research Conference
on Environmental Endocrine DIsrupors, New Hampshire, USA, June 18-23.

6. Nagahama, Y. (2000). Molecular mechanisms of gonadal sex differentiation in fish.
20" Conference of Europian Comparative Endocrinologists, Faro, Portugal,
September 5-9, 2000.

7. Nagahama, Y. (2001). Molecular endocrinology of gonadal sex differentiation and
gametogenesis in fish. 3" TUBS Symposium on Molecular Aspects of Fish Genomes
and Development, February 18-21, 2001, Singapore.

8. Nagahama, Y. (2001). Sex steroid hormones in fish gonads: Synthesis and actions.
IMBS 2001, International Marine Biotechnology Symposium, April 12-13, 2001,
Taipei, Taiwan.
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9. Nagahama, Y., Kobayashi, T., Matsuda, M., Guan, G., Ikeuchi, T., Sakai, F.,

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

Sudhakumari, C.C., Wang, D.S., Nakamura, M. (2002). Molecular mechanisms of
sex differentiation and gonadal sex differentiation in fish. Molecular Mechanisms of
Sex Differentiation, 48th NIBB Conference, October 18-20, 2002, Okazaki, Japan.

Nagahama, Y. (2002). Effects of environmental factors on sex determination and
differentiation. Minamata International Symposium of Environmental Risk
Assessment, March 21-22, Minamata Moyai-naoshi Center, Minamata, Japan.

Nagahama, Y. (2002). Shift in follicular Steroidogenesis in fish ovaries prior to
oocyte maturation. International Congress on Hormonal Steroids and Hormones and
Cancer, October 21-25, 2002, Fukuoka, Japan.

Nagahama, Y. (2002). Aromatase and gonadal sex differentiation in fish. VI
International Aromatase Conference, October 26-30, 2002, Kyoto, Japan.

Nagahama, Y. (2002). Molecular mechanisms of sex determination and gonadal sex
differentiation in fish. Fourth Intercongress Symposium of the Asia and Oceania
Society for Comparative Endocrinology, October 8-11, 2002, Guangzhou, China.

Nagahama, Y. (2002). Molecular mechanisms of sex determination and gonadal sex
differentiation in fish. 2002 Annual Retreat WSU/UI Center for Reproductive
Biology, June 13-14, 2002, Camp Larson — Coeurd’Alene Lake, Idaho, USA.

Nagahama, Y. (2002). Molecular mechanisms of sex determination and
differentiation in fish. 35th Annual Meeting, Society for the Study of Reproduction,
August 28-31, 2002, Baltimore, USA.

Nagahama, Y. (2003). Molecular mechanisms of sex determination and
differentiation. International Symposium on Amphibian and Reptilian
Endocrinology and Neuroendocrinology, November 4-6, 2003, Cheju National
University Park, Korea.

Nagahama, Y. (2003). Sex Determination and Differentiation in Fish. XXI
Symposium of the Society for Reproductive Biology and Comparative
Endocrinology. Recent Advances in Endocrinology & Reproduction: Evolutionary,
Biotechnological and Clinical Implications, February 10-13, 2003, Banaras Hindu
University, Varanasi, India.

Nagahama, Y. (2003). Sex Determination and Gonadal Sex Differentiation in Fish.
The 3" International Medaka Symposium, 2003 — Development of Test Methods
with Medaka to Detect Endocrine Disrupting Chemicals, February 27-28, 2003,
Okazaki Conference Center, Okazaki, Japan.

Nagahama, Y. (2003). Genetic, hormonal and environmental components of sex
determination and differentiation in fish. Third International Symposium on
Vertebrate Sex Determination, March 24-28, 2003, Kona, Hawaii, USA.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Nagahama, Y. (2003). A shift in steroidogenesis occurring in fish ovarian follicles
prior to oocyte maturation. Molecular Steroidogenesis Workshop, April 24-27, Bath,
UK.

Nagahama, Y. (2003). Ontogeny of sex steroid receptors in brain and gonads during
sex differentiation in the Nile tilapia, Oreochromis niloticus. Third International
Symposium on the Biology of Vertebrate Sex Determination, March 24-28, 2003,
Kona, Hawaii, USA.

Nagahama, Y. (2004). The plasticity if fish gender: an evolutionary basis for sex
determination and differentiation in vertebrates. SICB 2004 Annual Meeting,
January 5-9, New Orleans, USA

Nagahama, Y. (2004). Sex determination and differentiation in fish. International
Symposium on The Biology of Sperm Cell - from basic to clinics, February 25-26,
2004, Tokyo.

Nagahama, Y. (2004). Sex determination and gonadal sex differentiation in fish.
The XIX International Congress of Zoology, August 23-27, Beijing, China.

Nagahama, Y. (2004). Sex determination and gonadal sex differentiation in fish.
The 5th International Symposium on Fish Endocrinology, September 5-9, 2004,
Castellon, Spain.

Nagahama, Y. (2004). Molecular mechanisms of sex determination and
differentiation in fish. International Workshop on Fish Genetics and Development —
Chinese Academy of Sciences, October 11-14, 2004, Wuhan, China.

Nagahama, Y. (2004). Molecular mechanisms of sex determination and
differentiation in fish. The 4th International Symposium on the Molecular and Cell
Biology of Egg- and Embryos-Coats, November 8-13, 2004, Ise-Shima, Japan.

Nagahama, Y. (2004). Sex determination and differentiation in fish. Bilateral
Symposium Italy and Japan, November 16-19, 2004, Mie, Japan.

Nagahama, Y. (2005). Sex determination and differentiation in fish. The first COE
Symposium on Potential and Perspective of Marine Bio-Manupulation, February
26-27, 2005, Sapporo, Japan.

Nagahama, Y. (2005). DMY : The second sex-determining gene in vertebrates. 15th
International Congress of Comparative Endocrinology, May 22-27, 2005, Boston,
USA.

Nagahama, Y. Sex determination and differentiation in fish. 52" NIBB Conference.
Okazaki, January 20-23, 2006.
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33.

34.

35.

36.

Nagahama, Y. Molecular mechanisms of sex differentiation and gonadal sex
differentiation in fish. Frontiers in Molecular Endocrinology. Hyderabad, India.
December 12-15, 2005.

Nagahama, Y. (2006). Molecular Mechanisms of Sex Differentiation and
differentiation in Fish. International Conference of Ecophysiology in Marine
Organisms. Keelung, Taiwan, October 3-6, 2006.

Nagahama, Y. (2006). Molecular mechanisms of sex-steroid actions on gonadal
differentiation and maturation in fish. The Second Italy-Japan Bilateral Seminar on
Responses of Marine Organisms to Physical and Chemical Impacts. Palermo, Area
della Ricerca del CNR, November 22- 5, 2006.

Nagahama, Y. (2007). Molecular mechanisms of sex determination and
differentiation in fish. The International Symposium of Oryzias species. Bangkok,
Thailand, November 12-14, 2007.

K) Organization of symposium,

1)

2)

NIBB conference ‘Molecular Mechanisms of Sex Differentiation’
October 18-20, 2002, Okazaki, Co-organizer

International Symposium on ‘Molecular Mechanisms of Sex Determination and
Differentiation” September 21, 2006, Matsue
Co-organizer

L) Grant awards,

1) 1996-2000 ‘Molecular Mechanisms of Sex Determination and

Differentiation in Fish’ JSPS Research for the Future Program
- ¥375,072,000

2) 1998-1999  ‘Mechanisms of Synthesis of Gamete Maturation-inducing
Hormone’ Grant-in-Aid for Scientific Research (B) -
¥ 11, 800, 000

3) 2000-2005 ‘Molecular Mechanisms of Endocrine Disrupter Action on
Fish Reproductive System’ Core Research for Evolutional
Science and Technology (CREST) - ¥496,100,000

4) 2000-2001 ‘Function and Expression of Fish Gonadotropin Receptors’
Grant-in-Aid for Scientific Research (B) - ¥ 14, 000, 000

5) 2002-2003 ‘Function and Action of Sex-determining Gene of Medaka’
Grant-in-Aid for Scientific Research (B) - ¥ 14,100,000
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6) 2004-2005 ‘Molecular Mechanisms of Sex Change in Fish’
Grant-in-Aid for Scientific Research (B) - ¥ 14,900,000

7) 2004-2009 ‘Molecular Mechanisms of Sex Determination and
Differentiation in Fish’ Grant-in-Aid for Scientific Research
on Priority Areas - ¥ 74,800,000

8) 2005-2009 ‘Molecular Mechanisms of Sexual Plasticity’

Solution Oriented Research for Science and Technology
(SORST) - ¥ 80,000,000

M) Professional activities,

Scientific Journals:
1992 — present: Theriogenology (Editorial Board)
1992 — 2005: Molecular Marine Biology and Biotechnology (Editorial Board)
1992 — present: Asian Journal of Zoological Science (Editorial Board)
1993 — present: Molecular Reproduction and Development (Executive Editor)
1994 — present: Development Growth & Differentiation (Editorial Board)
1994 — 2002: Zoological Science (Division Editor)
1994 — 2004: Biological Bulletin (Editorial Board)
1994 — present: Current Topics of Developmental Biology (Editorial Board)
1994 — 2004: General and Comparative Endocrinology (Editorial Board)
1997 — 2003: Journal of Molecular Endocrinology (Editorial Board)
1998 — present: Fish Physiology and Biochemistry (Editorial Board)
1999 — 2004: Biology of Reproduction (Editorial Board)
2005 — 2006: Zoological Science (Editor-in-Chief)
2007-present: Sexual Development (Editorial Board)

Societies:

Committee Member, All Japan Student Science Award Selection Committee
(1995-present, Chairman since 2007)

Committee Member, Committee on Grant-in-Aid for Scientific Research,
Organization of the Science Council (1998-200, 2003-2004, 2005-2007)

Committee member, Advisory Committee of the JSTA for CREST (Development,
Differentiation, and Regeneration) (2000-present).

Committee member (Chairman), Steering Committee of National BioResource
Project, MEDAKA (2003-2007)
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Committee Member, TORAY Development of Science Technology Foundation
(2004-2006)

Member of Science Council of Japan (Chairman, the Division of Marine Biology)
(2006-present)

Committee member (Chairman), Advisory Committee of the JSTA for ICORP
(2006-2007).

Principal Investigator, National BioResource Project, MEDAKA
(2007-present)

Committee Member, The JSPS Selection Committee for Postdoctoral and Other
Fellowships

Council Member, International Federation of Comparative Endocrinological
Society)

Council Member, The Zoological Society of Japan

Council Member, The Japan Society for Comparative Endocrinology
Council Member, The Japanese Society of Developmental Biology
Council Member, Reproductive Endocrinology Society

Council Member, The Society for Pituitary Research

N) Teaching experience (1977-2007),

Hokkaido University, Tohoku University, Fukui Prefectural University,
Nagoya University, Toyama University, Kobe University,

Hiroshima University, Kumamoto University

O) Other activities (if any)

Postdoctoral fellow supervision (1977-present):
Akihiko Yamaguchi
Yoshinao Katsu
Mika Tokumoto
Takashi Todo
Zuxu Yao (China)
Craig Morrey (USA)
Daisuke Kobayashi
Catherine Dreanno (France)
Yuichi Oba

Balasubramarian Senthilkumaran (India)
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Toshitaka Tkeuchi
Fumie Sakai

Masatada Watanabe
Gui-Jin Guan (China)
Yasushi Shibata
Masaru Matsuda
Xiao-Tian Chang (China)
En-Lieng Lau (Taiwan)
Cheni Chery Sudhakumari (India)
De-Shou Wang (China)
Paul Bindhu (India)
Mei-Sheng Yi (China)
Kohei Ohta

Ramyji Bhanbari (Nepal)
Radha Chaube (India)
Shigeho Ijiri

Dipanjan Basu (India)
Shakuntala Basu (India)
Hao-Bin Zhao (China)
Aya Suzuki

Jian-Zhou Cui (China)
Jian-Zhong Li (China)
Lin-Yan Zhou (China)

Graduate (Ph.D.) student supervision (1977-2007):
Gui-Jin Guan
Yuki Ohmuro-Matsuyama
Ryo Horiuchi
Yasuhisa Kobayashi
Lin-Yan Zhou (China)
Masatada Watanabe
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EFEAZIRTER 1 0 F R AGT

RREEWERT PR METEFE

1. #&f&

1 995 H SRR IR S X OEUR 34 B2 HAER 1 O AR
i AT R B S AR IE,

-1 91 0 EBEIROES I WITAM A N OSN3 4, BN 24 %
BACTIHMEZEE TR L. BR A 254, BATERE 1) WFSIEBI O

2) WY A b, 3) E-DEEOWHIR, 4) MEE

2 041 H WA 34, EN 24 0RMEEBE 2B BIRIE E % T o 7z,

2. FHEmANE
AZBICXDHENEDOE & L7l (—EHr)

PR T 7Y Y AT AR T 55N IR - 7032 — U Z T BMP
VI FNMRENREETHL I EERWELIZZ LT, TOHDOY aX—< U F—HF A Y
—DOIFEDFHINC R E R BE G272, ZOREE, T4 —HF AP —12 BMP [HER %
DWT DL THIREE L AMRIED R Z — B EITH ) Lo BITEAS T ANRLINLT
WAOBEEDOMESLIC R E S HkE LTz, EFELIZZ 0% S BMP ¥ 7 URE DR % H
DMTHFIE ZR)A < BB L. Bl D 10 FEMICk W TH %< o¥lEs B, iEE T &1,
(1) follistatin |Z & % BMP DFHERZ AT L, follistatin & BMP & BMP L& 7% — &
D IFEEEERER L THET L2, (2) BMP 7LV OEREBEE L LTHRAL R
A A UHERER Y Msx] WEEZR2ZEIZH > TDZ &, (3) BMP2 & BMP4 355 DIX
FToH 5PN EE SRS T 2720 F OMERMGIIMmRD THRWZ & ZH LML
EThD, ZNHDO¥ERIT, FHEEMWIMIIAICKIT 5 BMP O&FEIZ#fgd 5 L CEE
RENR LI TN D,

FEPE LT BMP & 7 IV DOIRFEAEIZ I T D AEN O —fENEZ WG D T2 D HEEN ) LA
HOEMFEL L THRY B TOMNT 21T o7z, FRIHRBROMHT Tl Sl U CTIX#HeT
A7 a7 LA DOFEZIY AN THYT L.BMP & 7 F /L OIEREAR T % [FE LRl
BE & OBIEMEIC SOWTIRNT LT-, 0%, Z OMBIRIT 2T 7 0 B A T LD FEERS
\ZHELY Adu, ESTs (expressed sequence tags)DERK & FAEBFE TOBER FFBL /N Z — 2 D
T—HN—Z XDB #EE LTz, ZO7 —ZX—Z|Z1FH 12,000 @ unigene & v FREE

_47_



NTADZ NG, ZOWEFIFHHENTND, ZILHD cDNA V7 =2 N b EZHbH
HIZHmbbT, TNEBECEAMAT S E, ZLOMRENETOREIZH>TND,

Z OO TIEL, MIEITAC T D MR EE) O FENT ISR OlE & IR TV D,
Wnt/PCP #2F&IZ 23020 5 [KF T % glypican 4 X° Prickle, XGAP 2837 7 U 71> A J7 = VIR
DU F AR ETE B CJF A EGEBNC B D Z L 2R L, —iMEGEICRR L T D, Hi LW
IZ A CTEICHEE BT -2 L1, FROILVAETH Y MR N EOE S 2R T b
DTHDH, ETORREZIT, %O S bioimaging ZH D AvD Z & T, AR
DA ES) 2 BIRICHIE X THIT T 2 TES > T . REBRMEPEIFF SN D,

EEHEEIE, SCHEHAE ORETEEIIZE A TFAET AT L) OFtfEE LT 2005 4%
TOSFEM, HHAOREFZOMEFELZRNRTRERBEE GT2D Ui, FlElEwm?
AT CEEE Y VAR T AR T — 7 v a v T E B L CIRETEHR O S & B8 o %2
MEFmDDH I LITRITE, EBIT, LI X 51T, cDNA 7 71— O MERAR %3
L8, BNUTWDNFRORBEM LT T 2EHBIToTWND, ZDX T, BEH O
JUEEI A2 T, BEFOMESTRE~OEBRITERRLONRH 5,

ko X iz, EFELIIZ o 10 /M, BEFORRBICRKESHERL TS, Lk
Mo T, A% bR AEM BRI OZEE & LT, #F7E & HE D 5 IHIG LWRFZE S &
Exbivb,

BZEIZ L DMl (—#HR)

In terms of approaches, it is impressive that Dr. Ueno has been making use of a well-balanced
mixture of following approaches: molecular biology, biochemistry, cell biological techniques,
functional genomics, and of course classical embryology. Now he is interested in developing novel
bioimaging tools and also describing his interest in mechanical stress, which suggests introduction
of physics into his developmental studies. I would like to expect that his group would facilitate
interdisciplinary researches to make breakthroughs in understanding cellular and developmental

processes.

CZEIC L Do (i)

In sum, Prof. Ueno is a great credit to your institution. He is widely respected in the international
arena. He has developed Xenopus laevis cDNA and microarray genomic reagents that help the
entire community. He serves as Secretary of the Japanese Society of Developmental Biology and is
President-elect of the International Society of Differentiation. He has been enormously productive.

The NIBB should be very proud of what Prof. Ueno has achieved at your institute.
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DZBIZ X 2FHl (—&BHF

I have every confidence that he will continue to excel and to be a credit to your organization, and
he will continue to be a world-class and world-famous scientist. PLEASE continue to support him,
as he has my highest recommendation, and he would receive the same review from everyone I

know in the field.

EZBIC L DMl (—#He)

Since joining NIBB ten years ago, Ueno has established a productive and imaginative series of
approaches to studying signaling and morphogenesis. His recent approaches in morphogenesis
have been extremely interesting, and have contributed to the sense that this is a field whose time is
ripe, and where the combination of techniques that Ueno has mastered will lead to seminal
developments over the next years. I therefore not only give a very strong review to Prof. Ueno’s
previous work, but I also am very optimistic that his future work will provide important new
insights into animal development, and make contributions is areas that have been difficult to

approach.

3. &

EEPESRIL. B O T AT AT OEBRA R Y — X — LR STV D,
FRC, A 7 a7 LA ZHOTZRBRIT A A — 2 0 7 FHEOFRIH 72 ERERRA 8T 72 72 bF
RFECEALTHIRELRER L T2 ERmWifizid Tnod, iE = 2=7
D DOHIFRFS RE W, HAEEW LIRSV T B Y Tkl L OEFRERHY & L
TEhanl, 5% bl EShEEERNY —#—L LTOERE T 5,
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10 years of achievements at NIBB
1997-2006

(as of October 1, 2007)

Naoto Ueno, Professor

National Institute for Basic Biology
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1. Research activity in the past 10 years
1.1. Aims and goals

My laboratory endeavors to understand how organisms develop from a single-celled and
spherical egg to a complex adult body with a variety of functionally differentiated cells,
tissues, and organs. The fact that embryonic cells not only gradually acquire different
fates during early development but that embryo also drastically change their
morphology during a limited time of development after the fertilization has been
attracting developmental biologists for many years. This embryonic morphogenesis,
including dynamic processes such as the remodeling of tissues, lies at the heart of the
mystery of life. Understanding the molecular and cellular basis for these complex
phenomena, therefore, has been the goal of not only our research but of the entire field

for the past 10 years.

1.2. Past and current research topics
1.2.1. Regulation of developmental processes by cell-to-cell interaction

Until the 1980’s, it was understood that polypeptide growth factors mainly regulate cell
proliferation and the loss of their control leads to unwanted growth of cells, e.g. a
cancerous state. In the early 1990’s, however, novel roles during early embryogenesis
were found for many polypeptide growth factors and they subsequently began to be
recognized as a growth/differentiation factor in general; it is now well established that
they are used repeatedly to mediate cell-to-cell interactions at different times or places
during development.

My laboratory discovered that bone morphogenetic proteins (BMPs) have essential roles
in early development. During the course of screening for activin-related genes from an
amphibian Xenopus laevis, we isolated gene for proteins we now know as BMP2, BMP4,
and BMP7, and reported that they are differentially expressed during early Xenopus
development. Soon after, we attempted to identity the embryonic role of BMPs and
found that loss of BMP activity in the ventral side of embryo causes the formation of a
secondary body axis with neural tissues reminiscent of the duplicated axis demonstrated
by the historical transplantation experiment of a dorsal lip into the ventral region
performed by Spemann and Mangold in the 1920’s (Suzuki, A et al. Proc. Natl. Acad.
Sci., USA, 1994). This led to the new concept of neural induction whereby neural tissue
formation, whose mechanism had been an enigma for nearly 80 years, could be
explained as a default state of BMP activity promoting epidermalization. This finding

also helped the identification of BMP antagonists Noggin and Chordin, both of which are
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expressed in Spemann organizer, being antagonists of BMPs. My group also contributed
in demonstrating that Follistatin, another organizer factor, is one such BMP antagonist
(13). The new concept of neural induction uncovered the basis of Spemann’s experiment
and is now widely accepted as a favored model. We also characterized the signaling
pathway and demonstrated that Msx1 gene encoding a homeobox protein is an
immediate early gene responding to BMP signals and necessary for the activation of
further downstream targets such as Ventl, and thus for the ventralization of embryo by
BMPs (30, 44). Importantly, we have been able to show that complete shut-down of
BMP activity using a dominant negative form of Msx1 leads to the perfect secondary
axis formation, exactly what had been seen in Spemann’s experiment (44). In addition,
using zebrafish (15) and Xenopus (49), we have been able to demonstrate that the action
of BMP2 or BMP4 is normally short range, that the diffusion is tightly restricted by the
physical interaction with negatively charged proteoglycans, and that deletion of the
positively charged core sequence at their N-termini dramatically increases their diffusion
rate in the extracellular space. These studies enabled a greater understanding of the

chemical properties of vertebrate BMP as a morphogen and of how it behaves in vivo.

1.2.2. Evolution and conservation of the developmental signals

Since after the discovery of the essential developmental functions of BMPs in
dorso-ventral patterning, our interest extended to the evolutionary biology aspect of
BMP functions in the establishment of body plan.

It was well known that an ortholog of BMP known as Decapentaplegic (Dpp) is present
in arthropod such as Drosophila melanogaster and that it shares its role in DV
patterning with vertebrate BMPs despite the inversion of DV axis in arthropod body
plan. Our question was “What is the lowest animal that has BMPs?” and, if they exist in
the organism, “What is their role in body patterning?”. We isolated BMP-like genes
from ascidian Halocynthia roretzi (Miya, T. et al, Development, 1997) and
Caenorhabditis elegans (8) and demonstrated for the first time that BMPs exist in the
protochordate and nematode. Particularly for nematode BMP Cetl/Dbll, we further
isolated mutants of the gene and demonstrated that Cet1/Dbl1 is required for the growth
and maintenance of body size. This was somewhat unexpected due to known BMPs
functions in other organisms. We also genetically determined that the ligand Cet1/Dbl1
acts upstream of other components of the signaling pathway such as Sma2 and Sma6,
whose mutation also displays shortening of body length. To understand the molecular
and cellular basis, we isolated target genes of the pathway using DNA maicroarray

which we applied to C. elegans developmental genetics for the first time (28). We
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discovered a gene which we eventually identified as a gene responsible for a previously
known mutation of body length lon-1 (50). The gene lon-1 is normally suppressed by
the ligand Cetl/Dbl1 signal and hyper activation of the gene caused by the Cetl/Dbll
ligand mutation results in a smaller body. We also demonstrated that Cet1/Dbl1 pathway
increases chromosome ploidy of hypodermal cells through the inhibition of Lon-1
expression and that the resulting increase of hypodermal cell contributes to the growth
and maintenance of body length. This study using C. elegans identified a novel
mechanism of body size regulation in nematode by the TGF-p-like ligand and clarified
that the nematode co-opted the signaling system to regulate body length instead of the

DV patterning found in arthropods and vertebrates.

1.2.3. Morphogenesis as a consequence of cell behavior

In the last several years, we expanded our study to cellular morphogenesis during early
embryogenesis.

During gastrulation, an embryo elongates along an anterior-posterior (AP) axis, largely
due to a cell movement called convergent extension (CE), in which cells change their
morphology to spindle-shape and intercalate each other. This mediolateral intercalation is
converted to the force to elongate the mesodermal cell mass along the antero-posterior
axis and is believed to be the driving force behind elongating embryo proper from their
original spherical shape. It is well known that during CE the mesoderm cells display
polarized morphology associated with drastic changes in cytoskeltal arrangement. Recent
studies have revealed that the cellular polarization is controlled by a system similar to
planar cell polarity (PCP) pathway initially described in Drosophila as an essential
pathway for wing epithelium to set up cell polarity directing distally oriented wing hair
and organized photoreceptor cells in ommatidium. As this PCP pathway shares a known
component of Wnt pathway, it is often called Wnt/PCP pathway. We demonstrated that
the ortholog of one of Drosophila PCP components Prickle is essential for CE in
vertebrates (56). We also clarified the detailed mechanism of PCP pathway shedding
light on the translocation of Dishevelled, a key component of Wnt/PCP pathway, and
showed that PKC9 is a key enzyme for the translocation as well as for signaling (60).
Furthermore, we identified an ARF GAP protein XGAP is required in mesodermal cells
for the localization of signaling proteins such as aPKC, Par5 (14-3-3) and Par6, and for
the formation of cell protrusions at the ends of the cells (82). These studies highlighted
the importance of the coordination of Wnt/PCP pathway with underlying basal systems
regulating membrane trafficking and establishing cell polarity and also underlined the

intrinsic question as to how the madiolateral cell polarity is actually triggered.
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1.2.4. Genome-wide approaches to understand developmental processes

In order to grasp a global view of early developmental processes in relation to the
regulation of gene expression and function, we realized the necessity of describing a
gene regulatory network focusing not on a limited number of genes but on the entire set
of genes. In the last ten years, whole genome of a variety of organisms has been
sequenced and the information made available. Taking advantage of these developments,
we started to introduce whole-genome approaches to developmental biology. We first
fabricated DNA macroarray using C. elegans cDNA set which had been collected and
sequenced by the pioneering effort of Dr. Kohara at the National Institute of Genetics.
Thousands of unique cDNAs were spotted on filter papers. The aim was to screen target
genes of pathways by a differential hybridization using cDNA probes generated from
wild type strain and a mutant strain in which a specific pathway of interest is disrupted.
Our interest was in the regulation of body length and thus we compared the gene
expression profiles between wild type and Cetl/Dbll and screened for positively or
negatively regulated genes (28, 50). The profile was then compared to that of another
related mutant of the downstream component Sma2 in the same pathway; overlapping
positive clones were further characterized by in situ hybridization, etc. After the series
of experiments using the DNA array, we became convinced that the time and processes
of conventional gene expression analysis could be minimized, and that genetic analyses
in developmental biology must be revolutionized by this comprehensive approach. This
led us to the next step of introducing a similar approach to Xenopus developmental
biology, taking full advantage, particularly, of the efficacy of Xenopus embryo for
gain-of-function experiments. Nevertheless, we needed to start by collecting cDNA sets
from Xenopus laevis embryonic cDNA libraries for producing macro/microarrray. After
a few years of laborious work, and thanks to the generous support of the Japanese
Society of Promotion of Science (JSPS), we have been able to obtain approximately
12,000 unigenes available for micro/macroarray (73, 74, 76). We also profiled
developmental expression pattern for approximately 3,000 genes by whole-mount in
situ hybridization. After we set up our XDB database, we were able to disclose all of the
information on DNA sequence as well as expression pattern, and distribute cDNAs to
the scientific community upon request. Using the microarray, not only my group but
other groups as well have been able to identify the target genes of a variety of

developmental pathways, including FGF and nodal/activin pathways (86, 88).

2. Perspective of research

In the next decade, it will become increasingly more important to understand
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morphogenesis at the cellular and organelle levels rather than as a whole, as cells are the
fundamental entity of the whole body. It is important, therefore, to ask and to describe
how cells behave in developmental contexts. In order to achieve this, bioimaging is
obviously an essential technology, as it enables cell observation at higher temporal and
spatial resolutions. During CE, the above-mentioned cell movements allowing
anterior-posterior elongation of embryo proper, the cellular protrusions are known to be
confined to both ends of polarized cells to exert tractive force for the intercalation.
Little is known, however, about what triggers the cell polarization and what the
polarization causes to control intracellular events enabling CE. To this end, we have
been using EB3 (end-binding 3), a member of +TIPs that bind to the plus end of
microtubule (MT), to visualize the intracellular polarity of chordamesoderm cells during
CE to investigate the trigger of the establishment of cell polarity (submitted). Such
efforts are essential for an understanding of morphogenesis at cellular levels, and we
plan to put a significant effort into improving and refining our bioimaging
methodologies. One example is to develop a new probe alternative to fluorescence.
Although it is now very common to use fluorescent proteins as markers, they can be
inefficient for use with Xenopus embryo due to the endogenous auto-fluorescence as a
noise. To circumvent this problem, we have been attempting to use bioluminescence, in
collaboration with Dr. Ozawa at the Institute for Molecular Science in Okazaki. We
hope that the use of such new probes will open new windows on the continuing study of

developmental phenomena.

In addition to bioimaging, we consider that taking mechanical forces into account in
order to fully understand developmental morphogenesis is very important, and, after
observing MT growth using EB3, we have developed the impression that mechanical
forces rather than chemical signals may have crucial roles in CE. Characterizing cellular

responses to mechanical stress will be an important part of our future studies.

3. Other academic activities
3.1 Teaching

In addition to teaching at The Graduate University of Advanced studies (SOKENDALI),
the graduate school affiliated with NIBB, I have taught at other national and private
universities and their graduate schools, including Kyoto University, Hiroshima
University, Kobe University, and Keio University. I also participated as a lecturer during
a practical course on Xenopus embryology at Cold Spring Harbor Laboratory, USA in
2002.



3.2 Academic society

I belong to several Japanese societies including the Japanese Society of Developmental
Biologists (JSDB), The Molecular Biology Society of Japan (MBSJ), the Japanese
Cancer Association (JCA), and The Japanese Biochemical Society (JBS).

The Japanese Society of Developmental Biologists (JSDB) is the major society for my
research activities. I have been the secretary general of the society since 2006,
managing the yearly budget, annual meetings, board meetings, and general assemblies.

I also belong to two international societies, the International Society of Developmental
Biologists (ISDB), and the International Society of Differentiation (ISD). For ISD, I
have been on the board of directors and a publication committee member since 2000,

the president-elect from 2006, and will become the president in 2008.

3.3 External reviewing and evaluation
3.3.1 Grants

I have contributed as a reviewer for Japanese and foreign grants through my
involvement with Wellcome trust, the National Science Foundation (NSF), the
Biotechnology and Biological Sciences Research Council (BBSRC), the Human
Frontier Science Program (HFSPO), etc.

3.3.2 Personal evaluations

I have evaluated the personal achievements of several scientists for their promotions,
renewal of employment, tenure, etc. Affiliation of them includes with Johns Hopkins

University, School of Medicine, and University of North Carolina.
3.3.3 Evaluation committee

I acted as an evaluation committee member (“international collaborations” section) for
the National Institute of Fusion Science, one of NIBB'’s sister institutes in the National
Institutes of Natural Sciences (NINS), Japan, in 2006-2007, and for the Institute for

Molecular Embryology and Genetics, Kumamoto University, Japan, in 2001.

3.4 Editorial board

I have been on the editorial board of the following international journals and actively
involved in editorial decision and reviewing:

Development, Growth, and Differentiation, Wiley-Blackwell

Development, The Company of Biologists Ltd.

Differentiation, Wiley-Blackwell
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Birth Defects Research, Embryo Today, Wiley-Blackwell

Mechanism of Development, Elsevier

3.5 Other services

3.5.1 Operation of XDB, a platform for the Xenopus laevis functional genomics
Since 2000, my laboratory has been operating a large-scale sequencing of Xenopus
laevis cDNAs and profiling their temporal and spatial expression pattern during
development. All of the information is available to the scientific community through the
web site and cDNAs are distributed all over the world for free upon request. Thousands

of DNA profiles have already been distributed.

3.5.2 Service to Xenbase, a community-shared comprehensive database

I have been a steering committee member of Xenbase and attempting to integrate the

information stored in XDB into Xenbase.

3.5.3 Service to a private company

I have been on the board of trustees of KIKKOMAN Co., a Japanese company, since

2000, as well as a consultant for their research institute.
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Cho, K.W., Kitayama, A., Ueno, N., Chandraratna, R.A.S. and Blumberg, B.

Global analysis of RAR-responsive genes in the Xenopus neurula using cDNA

microarrays. Dev. Dyn. 232, 414-431, 2005

Baldessari, D., Shin, Y., Krebs, O., Konig, R., Koide, T., Vinayagam, A., Fenger, U.,
Mochii, M., Terasaka, C., Kitayama, A., Peiffer, D., Ueno, N, Eils, R., Cho, K.W.
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80.

81.

82.

83.

84.

and Niehrs, C. Global gene expression profiling and cluster analysis in Xenopus
laevis. Mech. Dev. 122, 441-475, 2005.

Peiffer, D.A., Von Bubnoff, A., Shin, Y., Kitayama, A., Mochii, M., Ueno, N. and
Cho, K.W. A Xenopus DNA microarray approach to identify novel direct BMP

target genes involved in early embryonic development. Dev. Dyn. 232, 445-456,
2005

Sakamaki, K., Takagi, C., Yoshino, J., Yokota, H., Nakamura, S., Kominami, K.,
Hyodo, A., Takamune, K., Yuge, M. and Ueno, N. Transgenic frogs expressing the

highly fluorescent protein venus under the control of a strong mammalian promoter
suitable for monitoring living cells. Dev. Dyn. 233, 562-569, 2005

Shin, Y., Kitayama, A., Koide, T., Peiffer, D.A., Mochii, M., Liao, A.,Ueno. N. and
Cho, K.W. Identification of neural genes using Xenopus DNA microarrays. Dev.
Dyn. 232,432-444. (Erratum; Dev. Dyn. 233, 248), 2005

Chung, H.A., Hyodo-Miura, J., Nagamune, T. and Ueno. N. FGF signal regulates

gastrulation cell movements and morphology through its target NRH. Dev. Biol.
282,95-110, 2005

Kataoka, K., Tazaki, A., Kitayama, A., Ueno. N., Watanabe, K. and Mochii, M.
Identification of asymmetrically localized transcripts along the animal-vegetal axis
of the Xenopus egg. Dev. Growth Differ. 47,511-521, 2005

Takada, H., Hattori, D., Kitayama, A., Ueno, N. and Taira, M. Identification of

target genes for the Xenopus Hes-related protein XHR1, a prepattern factor
specifying the midbrain-hindbrain boundary. Dev. Biol. 283, 253-267, 2005

Tazaki, A., Kitayama, A., Terasaka, C., Watanabe, K., Ueno, N. and Mochii, M.
Macroarray-based analysis of tail regeneration in Xenopus laevis larvae. Dev. Dyn.
233, 1394-1404, 2005

Terada, K., Kitayama, A., Kanamoto, T., Ueno, N. and Furukawa, T. Nucleosome

regulator Xhmgb3 is required for cell proliferation of the eye and brain as a
downstream target of Xenopus rax/Rx1. Dev.Biol. 291, 398-412, 2006
Hyodo-Miura, J., Yamamoto, T.S., Hyodo, A.C., lemura, S., Kusakabe, M., Nishida,
E., Natsume, T. and Ueno. N. XGAP, an ArfGAP, is required for polarized
localization of PAR proteins and cell polarity in Xenopus gastrulation. Dev. Cell 11,
69-79, 2006

Takada, R., Satomi, Y., Kurata, T., Ueno. N., Norioka, S., Kondoh, H., Takao, T.
and Takada, S. Monounsaturated fatty acid modification of Wnt protein: its role in
Whnt secretion. Dev. Cell 11,791-801, 2006

Waldner, C., Sakamaki, K., Ueno, N., Turan, G. and Ryffel, G.U. Transgenic
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Xenopus laevis strain expressing cre recombinase in muscle cells. Dev. Dyn. 235,
2220-2228,2006

Kominami, K., Takagi, C., Kurata, T., Kitayama, A., Nozaki, M., Sawasaki, T.,
Kuida, K., Endo, Y., Manabe, N., Ueno, N. and Sakamaki, K. The initiator caspase,

caspase-10beta, and the BH-3-only molecule, Bid, demonstrate evolutionary

conservation in Xenopus of their pro-apoptotic activities in the extrinsic and
intrinsic pathways. Genes Cells 11,701-717, 2006

Chung, H.A., Yamamoto, T.S. and Ueno., N. ANRS, an FGF target gene product,
regulates gastrulation in Xenopus. Curr. Biol. 17,932-939, 2007

Hotta, K., Yamada, S., Ueno. N., Satoh, N. and Takahashi, H.
Brachyury-downstream notochord genes and convergent extension in Ciona
intestinalis embryos. Dev. Growth Differ. 49,373-382, 2007

Ogata, S., Morokuma, J., Hayata, T., Kolle, G., Niehrs, C., Ueno. N.* and Cho,
K.W.* TGF- 3 signaling-mediated morphogenesis: modulation of cell adhesion via

cadherin endocytosis. Genes Dev. 21, 1817-1831,2007 (*corresponding authors)
Yoshikane, N., Nakamura, N., Ueda, R., Ueno. N., Yamanaka, S. and Nakamura, M.

Drosophila NAT1, a homolog of the vertebrate translational regulator

NAT1/DAP5/p97, is required for embryonic germband extension and
metamorphosis. Dev. Growth Differ. 49, 623-634,2007

Gerth, VE., Katsuyama, K., Snyder, K.A., Bowes, J.B., Kitayama, A., Ueno, N.
and Vize, P.D. Projecting 2D gene expression data into 3D and 4D space. Dev.Dyn.
236, 1036-1043, 2007

Class 2: Invited reviews, book chapters

1.

Ueno. N. BMP signaling in vertebrate embryogenesis. In Tissue Engineering for

Terapeutics use 2, eds. Ikeda, Y. and Enomoto, S., 1998

Iemura, S., Yamamoto, T.S., Takagi, C. and Ueno. N. The analysis of protein-protein

interactions in early development: direct binding of follistatin, an organizer factor, to
BMPs. In Real time Analysis of Biomoelcular Interactions. Applications of
BIACORE eds. Nagata, K. and Handa, H. Springer, pp105-114, 2000

. Ohkawara, B. and Ueno, N. Regulation of pattern formation by the intereaction

between growth factors and proteoglycans. In Morphogenesis and Pattern
Formation in Biological Systems eds. Sekimura, T., Noji, S., Ueno, N. and Maini,
PXK. Springer pp 69-82, 2003

Ueno. N. and Greene, N.D. Planar cell polarity genes and neural tube closure. In
Birth Defects Res. Part C Embryo Today 69, 318-324,2004
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1.

Symposium presentations/Invited seminars (International)

HFSP Workshop X "Axis formation in the vertebrate embryo"

"Xmsx-1 in ventralization and head repression"
2000/5/9 - 2000/5/11

. "Restriction of BMP diffusion in Xenopus ectoderm"

International Congress on Differentiation and Cell Biology
2000/9/24 - 2000/9/28

. Global analysis of gene expression during early development of Xenopus laevis

JDSB 14th International Congress of Developmental Biology
2001/7/8 - 2001/7/12

. Induction of apoptosis by BMP 2/4 in the 7th generation of newt spermatogonia. II.

Possible relationship between prolactin and BMP
JDSB 14th International Congress of Developmental Biology
2001/7/8 - 2001/7/12

. Developmentally regulated expressions of the polyubiquitin receptor Rpn10 family of

the 26 proteasome
JDSB 14th International Congress of Developmental Biology
2001/7/8 - 2001/7/12

. Ventroptin: A novel BMP-4 antagonist in the retina

JDSB 14th International Congress of Developmental Biology
2001/7/8 - 2001/7/12

. BMP activity gradient as revealed by anti P-Smad

JDSB 14th International Congress of Developmental Biology
2001/7/8 - 2001/7/12

. Regulation of C. elegans body length by a member of the TGF-Bsuperfamily

JDSB 14th International Congress of Developmental Biology
2001/7/8 -2001/7/12

. DNA microarray analysis in Xenopus

JDSB 14th International Congress of Developmental Biology
2001/7/8 - 2001/7/12

10. Induction of apoptosis by BMP 2/4 in the 7th generation of newt spermatogonia. II.

Possible relationship between prolactin and BMP
JDSB 14th International Congress of Developmental Biology
2001/7/8 - 2001/7/12

11. Suppression of head formation by Xmsx-1 through the inhibition of intracellular nodal

JDSB 14th International Congress of Developmental Biology
2001/7/8 - 2001/7/1
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12. “Role of glypican in gastrulation”
9th International Xenopus Conference
2002/8/21 - 2002/8/25
13. “Regulation of Pattern formation by the interaction between growth factors and
proteoglycans”
International Conference on Morphogenesis and Pattern Formation in Biological
Systems
2002/9/24 - 2002/9/27
14. Japan's Xenopus Projects
Xenopus Genetics and Genomics Workshop — 2003 (NICHD)
2003/10/21 - 2003/10/21
15. “Molecular Dissection of Cell Movements During Vertebrate Gastrulation”
The CDB symposium 2004 “ Developmental Remodeling”
2004/3/29 - 2004/3/31
16. “Molecular Dissection of Cell Movements During Vertebrate Gastrulation”
13th International Conference, International Society of Differentiation
2004/9/5 - 2004/9/9
17. Molecular dissection of Xenopus gastrulation cell movements
The 1st NIBB-EMBL symposium (EMBL & NIBB)
2005/7/1 - 2005/7/2
18. Establishment of cell polarity in Xenopus development
The 13th CDB meeting -Morphogenetic Signaling: the view from the frog
2006/2/21
19. The role of Pricke in the mouse development
The 3rd NIBB-EMBL symposium (EMBL & NIBB)
2006/4/19 - 2006/4/20
20. Establishment of the cell polarity during Xenopus gastrulation
Japan/Italy Meeting on Vertebrate Organogenesis
2006/4/24 - 2006/4/26
21. Xenopus gastrulation: A view from cell polarity
11th International Xenopus Conference
2006/5/31 - 2006/6/3
22. Gastrulation cell movements in Xenopus: A view from cell polariy
14th Conference of the International Society of Differentiation
2006/10/7 - 2006/10/11

23. Vertebrate gastrulation cell movements: A view from cell polarity
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Animal disease model an Stem cell Biology Meeting
2006/11/16 - 2006/11/17
24. Establishment of Cell Polarity in Xenopus Gastrulation
The 5th NIBB-EMBL Meeting “Cell & Developmental Biology”
2007/3/24 - 2007/3/26

k. Organization of symposium (International)

1. New Horizons of Developmental Biology
(Makoto Asashima, Atsushi Kuroiwa, Sadao Yasugi, Sumiare Noji & Naoto Ueno )
Okazaki Conference Center, NIBB
2001/3/23 - 2001/3/24

2. The first international workshop on Promotion of Xenopus functional genomics
JSPS Core-to-Core Program
2005/1/7 - 2005/1/8

3. The 1st NIBB-EMBL Symposium “Developmental biology”
EMBL & NIBB (Stephen Cohen & Naoto Ueno)
EMBL, Germany
2005/7/1 - 2005/7/2

4. The 2nd NIBB-EMBL Symposium “Bioimaging”
NIBB & EMBL (Naoto Ueno & Jan Ellenberg)
Okazaki Conference Center, NIBB
2006/3/22 - 2006/3/23

5. The 3rd NIBB-EMBL Symposium “Mouse biology”
EMBL & NIBB (Nadia Rosenthal & Naoto Ueno)

Monterotondo, Italy
2006/4/19 - 2006/4/20

6. 11th International Xenopus Conference
(Makoto Asashima, Masanori Taira & Naoto Ueno )
Kazusa Academia Center
2006/9/12 - 2006/9/16

7. The 5th NIBB-EMBL Meeting "Cell and developmental biology"
National Institute for Basic Biology (Naoto Ueno)

Okazaki Conference Center
2007/3/24 - 2007/3/26
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1. Grant awards
Research for the Future Program

Elucidation of the Principles of Development and Regeneration by Systematic Analysis
of Genes

2000-2004

Grant-in-Aid for Scientific Research on Priority Areas

Dynamics of Developmental Systems

2000-2005

Grant-in-Aid for Scientific Research, Scientific Research Project “A”

Elucidation of mechanisms underlying the establishment of cell polarity during
gastrulation.

2005-2007

m. Professional activities

Development (The Company of Biologists Limited): Editorial Board Member
1999

International Society of Differentiation: Board of Directors

2000

Differentiation (Blackwell): Senior Editor

2000

Development, Growth and Differentiation (Blackwell): Editorial Board Member
2000

Birth Defects Research Part C: Embryo Today: Reviews: Associate Editor
2003

International Society of Differentiation: President-elect

2008, 2007, 2006 (Naoto Ueno)

n. Teaching experience
Adjunct Professor:

Osaka University, Nagoya University, Tokushima University, Hiroshima University,
Tokyo Metropolitan University, Kyoto University, Gifu Univ. Medical school, Hokkaido
University, Keio University, and so on.

In addition to teaching at SOKENDAI, the graduate school affiliated with NIBB, I have
taught at other national and private universities and their graduate schools, including
Kyoto University, Hiroshima University, Kobe University, and Keio University. I also
participated as a lecturer during a practical course on Xenopus embryology at Cold
Spring Harbor Laboratory in 2002.
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o. Other activities (if any)

I have been acting as the director for the promotion of the international collaboration
between NIBB and European Molecular Biology Laboratory (EMBL). In 2004, NIBB
and EMBL agreed to promote the mutual exchange of academic information,
technologies, and researchers, including graduate students. Since then, I have organized
joint meetings, technology transfer of the new microscope "SPIM" from EMBL, and a
researchers' exchange program.

5. Selected reprints (5 papers)
Attached.

1. Ohkawara, B., lemura, S., ten Dijke, P. and Ueno, N. Action range of BMP is
defined by its N-terminal basic amino acid core. Curr. Biol. 12,205-209, 2002

2. Morita, K., Flemming, A., Sugihara, Y., Mochii, M., Suzuki, Y., Yoshida, S., Wood,
B., Kohara, Y., Leroi, A.M. and Ueno. N. A Caenorhabditis elegans TGF- 3 , DBL-1,
controls the expression of LON-1, a PR-related protein, that regulates
polyploidization and body length. EMBO J. 21, 1063-1073, 2002

3. Takeuchi, M., Nakabayashi, J., Sakaguchi, T., Yamamoto, T.S., Takahashi, H.,
Takeda, H. and Ueno, N. The prickle-related gene in vertebrates is essential for
gastrulation cell movements. Curr. Biol. 13, 674-679, 2003

4. Hyodo-Miura, J., Yamamoto, T.S., Hyodo, A.C., Iemura, S., Kusakabe, M., Nishida,
E., Natsume, T. and Ueno. N. XGAP, an ArfGAP, is required for polarized
localization of PAR proteins and cell polarity in Xenopus gastrulation. Dev. Cell
11, 69-79, 2006

5. Ogata, S., Morokuma, J., Hayata, T., Kolle, G., Niehrs, C., Ueno, N.* and Cho,
K.W.* TGF- 8 signaling-mediated morphogenesis: modulation of cell adhesion via

cadherin endocytosis. Genes Dey. 21, 1817-1831, 2007 (*corresponding authors)
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I have known Dr. Morohashi since at I met him in the scientific meeting almost 15 years ago when
he was at the Kyushu University as an assistant professor. At that time, he was one of the first
scientists to clone the cDNA of nuclear receptors far before the idea that 48 nuclear receptors from
a gene superfamily. By extending his previous studies on p450 gene promoters, he was trying to
identify the master transcription factor, and eventually discovered one of the most physiologically
important nuclear receptors, Ad4BP(SF-1). This factor was turned out to be essential for gonad and
kidney development by following works by his group and the others. After this work, he moved
into and developed a new field related in sex difference and determination. Considering from his
publication and contribution to this related field, he is quite outstanding and scientifically
successful. Moreover Dr. Morohashi is internationally well known and is invited to major

international meetings.

CZARICL DM (—HBHFr)

Prof Morohashi joined the National Institute for Basic Biology (NIBB) in 1977. In the last ten
years, his research has earned him the reputation of one of the leading researchers in the fields of
gonad development, nuclear receptor function, transcriptional regulation, and adrenal development.
These areas of work are all tied to the theme of sex differentiation of animal species. (FH)

In summary, Prof Morohashi is very highly rated as a researcher and leader in Japanese
developmental and reproductive biology, and is commended on the quality and depth of his

accomplishments at NIBB.

DZBIC K DRl (— 4

The first phase of Dr. Morohashi’s career dealt with the isolation and characterization of
Ad4BP/SF-1, which represented a signal accomplishment in molecular steroidogenesis and
culminated in his recruitment to the NIBB. Over the 10 years, he has continued to focus on
extending these outstanding studies and defining the mechanisms that allow Ad4BP/SF-1 to

function in complex networks of tissue-specific development. These studies fall into two main
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themes: understanding the transcription factors/co-regulators that determine expression of
Ad4BP/SF-1 in the various tissues where it normally is expressed and defining the mechanisms
that modulate the function of this transcription factor after it is translated. In recognition of these
accomplishments, Prof Morohashi received the Asia and Oceania Medal from the Society for
Endocrinology and the British Endocrine Society in 2007. (&)

There is a high degree of confidence that Prof Morohashi has the talent and resources to bring these
studies to a successful conclusion, thereby providing new insights into the mechanisms of

tissue-specific differentiation.

EZBIC L D5 (— i)

Prof. Morohashi remains at the forefront of the field of sexual differentiation and his research plans
will continue to push this field forward. Perhaps more importantly, his work can be extrapolated to
other broader fields concerned with gene regulation and orphan receptors where his past and future
work will also have an important impact.

In addition, I would like to mention that Ken-ichirou is a scientist who is extremely well liked in
the field for his kindness, fairness, and generosity. He freely provides his reagents to the
international community and is open and considerate in his dealings with others in his field. He has
done an outstanding job of the organization of several important meetings in the field of sex
determination that have been exciting forums for the exchange of ideas in the field. He is the sort of
scientist that we should all strive to be — He is doing exciting, creative, and rigorous science, but he
is also kind and generous in his dealings with others. I believe that Ken-ichirou Morohashi is an

outstanding scientist.
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Ken-ichirou Morohashi, Prof. PhD 1997-2007

Personal Information

Statement of Research Activity in the Past 10 years

List of Publication

List of Invited Presentation

Perspective of Research

Description of Other Academic Activities

(Education, Service to the Academic Communities, etc.)
Reprints for Selected Papers
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1. _Personal Information
(1) Name: Ken-ichirou Morohashi
(2) Date of Birth: I
(3) Address (office): National Institute for Basic Biology
Higashiyama 5-1, Myodaiji-cho, Okazaki 444-8787, Japan
TEL; 81-564-59-5865, FAX; 81-564-59-5866
E-mail; moro@nibb.ac.jp
(4) Research Area: Sexual Differentiation, Transcriptional Regulation, Nuclear Receptor
(5) Education:
1976-1981;  Dept. of Biology, Faculty of Science, Kyushu Univ.
1981-1986;  Dept. of Biology, Graduate School of Science, Kyushu Univ.
1986; Awarded the degree of D. Sci.
(6) Research and Professional Experience:
1986-1996  Instructor at Department of Molecular Biology,
Graduate School of Medical Sciences, Kyushu University
1996-2003  Professor at Department of Developmental Biology,
National Institute for Basic Biology
1996-2006  Professor at The Graduate University for Advanced Studies
2004-2006 Professor at Division of Sex Differentiation,
National Institute for Basic Biology,
National Institute of Natural Sciences
2007- Professor at Department of Molecular Biology,
Graduate School of Medical Sciences, Kyushu University
(7) Award: Asia & Oceania Medal from Society for Endocrinology, 2007
(8) Professional Societies:
Japanese Society of Molecular Biology, Japanese Endocrine Society
Endocrine Society, Japanese Biochemical Society,
Japanese Steroid Hormone Society,
Japanese Reproductive Endocrinology Society
(9) Organization of Symposium

1. NIBB conference ‘Molecular Mechanisms of Sex Differentiation’
Oct. 18-20, 2002, Okazaki
Representative Organizer
2. The Ist International Nuclear Receptor Meeting in Japan
Feb. 28-Mar. 2, 2002, Kyoto
Organize with Prof. Shigeaki Kato and Hajime Nawata
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(10)

an

12)

The 2nd International Nuclear Receptor Meeting in Japan

Feb 14-16, 2003, Osaka

Organize with Prof. Shigeaki Kato and Hajime Nawata

The 3rd International Nuclear Receptor Meeting in Japan

April 15-17, 2004, Osaka

Organize with Prof. Shigeaki Kato and Hajime Nawata

The 1st Symposium on Intra- and Extra-Environment and Biological Responses
July 27-28, Fukuoka

Representative Organizer

International Symposium on ‘Molecular Mechanisms of Sex Determination and
Differentiation” Sep 21, 2006, Matsue

Representative Organizer, Coorganized with the Zoological Society of Japan
The 4th International Nuclear Receptor Meeting in Japan

Feb 1-2,2007, Osaka

Organize with Prof. Shigeaki Kato and Hajime Nawata

Grant Awards

1997-1998 Grant-in-Aid for Scientific Research (B); 12,100,000 yen
1997-1998  Core Research for Evolutional Science and Technology; 25,000,000 yen
1999-2001 Grant-in-Aid for Scientific Research (A); 24,800,000 yen

1999-2003  Core Research for Evolutional Science and Technology ; 474,000,000 yen
2004-2009  Grant-in-Aid for Scientific Research on Priority Areas; 264,000,000 yen
2004 Grant-in-Aid for Scientific Research (S); 35,000,000 yen

Professional Activities

Journal of Biochemistry; Advisory Board, Jan, 2000-Dec, 2001
Endocrinology; Editorial Board, Jan, 2006-present

Sexual Development; Section Editor, 2006- present

Molecular Endocrinology; Editorial Board, Jan 1, 2007- present

Teaching Experiences
1999  University of Tsukuba School of Medicine
2000  Hyogo University of Teacher Education, Nagoya University Faculty of Agriculture

Kumamoto University School of Medicine

2001 Hokkaido University Faculty of Science

2002  Yamaguchi University School of Medicine

2003 Yamaguchi University School of Medicine

2004  Yamaguchi University School of Medicine, Hyogo University of Teacher Education
2005 Yamaguchi University School of Medicine

Fukui University School of Medicine, Nagoya University School of Medicine

2006  Nagoya University School of Medicine
2007  Nagoya University School of Medicine

Kanazawa University Faculty of Pharmacology
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2. Statement of Research Activity in the Past 10 Years

In the past 10 years, the Division of Sex Differentiation has conducted research for
transcriptional regulation, tissue-specific gene expression, nuclear receptor function, gonad
development, and adrenal development. These studies are basically related to sex differentiation of
animal species.

During tissue differentiation, it is conceivable that certain genes encoding transcription factors
act as critical components forming a gene regulatory cascade. One component of the cascade
required for adrenocortical and gonadal differentiation is the nuclear receptor, Ad4BP/SF-1. The
Ad4BP/SF-1 is localized upstream of a set of tissue-specific genes that include steroidogenic Cyp
genes, and at the same time it is localized downstream of other transcription factors regulating the
gene transcription. Given that activation/inactivation of the components occurs in an upstream to
downstream direction along the cascade during tissue differentiation, and that Ad4BP/SF-1 is an
essential transcription factor of the adrenocortical and gonadal cascades, identification of the
components that function with Ad4BP/SF-1 and regulate Ad4BP/SF-1 gene transcription is quite
important to fully understand the entire gene cascade. This is the core of our research program on
the molecular mechanisms underlying differentiation of the adrenal cortex and gonad, and gonad
sex differentiation.

1) Tissue-Specific Enhancers of Ad4BP/SF-1 Gene

Based on the above background, we investigated the regulatory region of the Ad4BP/SF-1
gene in vivo. Our results showed that Ad4BP/SF-1 is expressed in testicular Leydig and Sertoli cells,
ovarian theca and granulosa cells, adrenocortical cells, pituitary gonadotropes, ventromedial
hypothalamic nucleus (VMH), and splenic endothelial cells, and that such expression is tightly
coupled with tissue development.

It is well accepted that spatial and temporal control of gene expression is essential for
establishment of cell fate, and gene transcription is thought to be mediated by appropriate
interaction between enhancers and basal promoter. In the case of Ad4BP/SF-1, the tissue-specific
enhancers are expected to be localized somewhere in the gene locus, and the primary structures of
the enhancers are expected to provide information to understand the mechanisms underlying tissue
development. Based on this concept, we performed transgenic mouse assays with DNA fragments
prepared from a BAC clone containing whole genomic locus of Ad4BP/SF-1 gene. The BAC clone
carried all the elements necessary to reproduce the endogenous expression of the gene (Ref. 41,
Fatchya et al, 2006). Eventually, this study succeeded in identifying the tissue-specific enhancers
for the fetal adrenal cortex (Ref. 40, Zubair et al, 2006), the VMH (Ref. 31, Shima et al, 2005),
pituitary gonadotrope (Ref. 49, Shima et al, submitted), and recently fetal Leydig cells (Figure 1).

In general, it is well known that functional genomic sequences such as exon, basal promoter,
and splicing site, are structurally conserved among animal species. Expectedly, sequence
comparisons revealed that the enhancers found in the Ad4BP/SF-1 gene are structurally conserved
at least in mammalian species. Since the conserved regions should contain the core sequences
recognized by certain transcription factors, the conserved regions were further analyzed by
introducing nucleotide substitutions. These constructs were subjected to transgenic mouse assays
and thus the functionally active core sequences in the tissue-specific enhancers were finally
identified.
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Figure 1. Identification of enhancers for the fetal
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— an Ii‘:ﬁ‘ Kb) ' i : : ' pituitary of the mouse Ad4BP/SF-1 gene. (upper
Genf AG4BPSF-1 ? psmb7 | panel) Ad4BP/SF-1 gene consists of seven exons
3 4 s eTEmon 123856 7 (red boxes). Two other genes; Nr6al (green boxes)
 p— |lu"““‘l L and Gpri44 (region indicated by ?), are localized 5’
iy 2 Capmid WA consiruction for nhancer upstream and 3° downstream of Ad4BP/SF-1,
—1  BEPET T sesay theough preducing ransgenic mice . .
I | respectively. Various DNA fragments were
ivEs etiens eves examined by transgenic assays with lacZ as the
sGentt cia3 oo reporter gene. Among the clones covering the
| ! ' I Ad4BP/SF-1 locus, cIA3 induced lacZ expression
o - in the fetal adrenal, ventral diencephalon (VMH),
. *—e — | and pituitary, while cGenf5 induced lacZ
o— —o— o—————— expression only in the fetal adrenal. These active
: = B ',:__ _._‘ et B fragments were further fragmented into smaller
pieces and subjected to transgenic mouse assays.

The enhancers for fetal adrenal were identified in
the fourth intron, while those for the VMH and
pituitary were in the sixth intron. Lower panel:
Representative views of expression of lacZ in the
fetal adrenal (left), pituitary (middle), and VMH
(right) at embryonic day 12.5.

Fetal Adrenal Enhancer

In the fetal adrenal enhancer conserved among animal species, we noted the presence of two
potential Ad4BP/SF-1 binding sites (Ad4 sites). Since Ad4BP/SF-1 activates gene transcription by
binding to the recognition sites, the Ad4 sites in the fetal adrenal enhancer suggested that
Ad4BP/SF-1 gene expression is maintained by autoregulation. This hypothesis was examined
further using transgenic mice. These studies demonstrated that the Ad4 sites in the fetal adrenal
enhancer participate in autoregulation of Ad4BP/SF-1 gene expression in the fetal adrenal. However,
initiation of transcription would occur prior to this maintenance step. To address this question, we
attempted to identify functional cis-elements other than the Ad4 sites, and found that the potential
binding sites for the Pbx/Prep and Pbx/Hox heterodimers are tightly conserved among vertebrate
species (Figure 2). RT-PCR revealed that all candidate factors were detected in the early adrenal
primordium. Moreover, both Pbx/Hox and Pbx/Prep binding sites were found to be essential for the
initiation step of the gene transcription by transgenic mouse studies using Ad4BP/SF-1 KO mice
(Ref. 40, Zubair et al, 2006).

Hox transcription factors direct the patterning of a variety of structures during embryonic
development of both vertebrates and invertebrates. Based on the expression profile and binding
specificity, we consider that Hoxb5, Hoxb9, Hoxc5, and possibly Hoxc6 regulate the Ad4BP/SF-1
expression in the fetal adrenal. The adrenal cortex originates from certain part of the mesoderm. To
specify the adrenal region, these Hox gene products would induce Ad4BP/SF-1 expression at the
particular region of the mesoderm. Since it has been established that Hox genes control axial
identity in an anterior-to-posterior direction, the location of the adrenal cortex could be determined
by combined expression of the particular set of Hox genes.
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Figure 2. Schematic presentation of structures and
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VMH Enhancer

Functionally, the VMH enhancer localized in the 6th intron is characterized by its ability to
drive VMH-specific expression of the lacZ reporter gene. Structurally, the sequence is conserved
among vertebrate animal species (mouse, human, and chicken), suggesting again that the conserved
sequences function as a VMH-specific enhancer beyond animal species. Detailed transgenic
analyses of the enhancer revealed that it contains suppressive and activating elements. Mutation of
the former element resulted in ectopic reporter gene expression in an area dorsal to the intrinsic
expression domain, while mutations in the latter containing ATTA motifs led to the disappearance
of the reporter gene expression. The sequence, ATTA, strongly suggested the involvement of
homeobox proteins (Figure 2, Ref. 31, Shima et al, 2005).

Pituitary Gonadotrope Enhancer

We demonstrated by transgenic mouse assays that the pituitary gonadotrope-specific enhancer
is localized within the 6th intron. Functionally, the enhancer recapitulates endogenous Ad4BP/SF-1
expression in the fetal Rathke’s pouch to the adult pituitary gonadotrope. Structurally, the enhancer
consists of several elements conserved among animal species. Mutational analyses confirmed the
functional significance of these elements. One of these elements interacts both in vitro and in vivo
with Pitx2, suggesting that Pitx2 regulates Ad4BP/SF-1 gene transcription in the pituitary
gonadotrope via direct interaction with the gonadotrope-specific enhancer (Figure 2, Ref. 49, Shima
et al, submitted).

(2) Gonad Development and Gonad Sex Differentiation

Although sexual dimorphism in mammals manifests most obviously in the gonads (testis and
ovary), sexual dimorphism can be observed in the entire body of the animal. For instance, it is well
known that several tissues such as the external genitalia, muscle, and brain exhibit sexual
dimorphisms in terms of their structures and functions. This process of sex differentiation is
controlled by sex steroids synthesized in the sexually differentiated gonads. Therefore, the gonad
sexes are quite important for sex differentiation of the animal.

Several transcription factors play crucial roles in the process of gonad differentiation. Some of
these factors, such as Sry, Wtl, Dax-1, Sox9, and Arx, were identified as products of genes
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responsible for human diseases that display structural and functional defects in several tissues
including the gonads. The functions of other transcription factors, such as Ad4BP/SF-1, Emx2, M33,
and Lhx9, were elucidated by the phenotypes of gene-disrupted mice. In addition, their gonad
distribution and sexual dimorphism strongly suggested their functional importance at the early stage
of gonad differentiation. However, it remains to be clarified how the above transcription factors
regulate their target gene transcription and how the genes encoding the transcription factors are
regulated by upstream regulators. Research involving the above two issues is quite important in
order to define the gene regulatory cascade and the molecular mechanisms that drive sex
differentiation of the gonad. Based on this concept, we examined the functional correlations of
Ad4BP/SF-1,M33, Emx2, and Arx genes using the gene KO mice.

Arx/ARX responsible for Leydig Cell Differentiation and XLAG

Arx, the aristaless related homeobox gene, was isolated as a protein interacting with
Ad4BP/SF-1. Since Arx is expressed in the gonad and brain from the early developmental stage, we
investigated the function of Arx using gene-disrupted mice. In the fetal testes, Arx is expressed in
interstitial cells such as the peritubular myoid cells, tunica albuginea, blood vessel endothelial cells,
and the cell lining beneath the tunica albuginea, but not in Leydig, Sertoli, or germ cells. Sertoli
cells, germ cells, tunica albuginea, and blood vessels were not affected in the mutant testes, whereas
the mutant testes were characterized by a dysplastic interstitium. Indeed, Mis, a marker for Sertoli,
was clearly detected in the testicular cords, whereas 3f3-Hsd, a marker for Leydig cell, was
markedly diminished in the mutant testes, thus implicating Arx in Leydig cell differentiation (Ref
15, Kitamura et al, 2002). In order to identify the downstream genes of Arx, RNAs prepared from
the Arx KO and wild type fetal testes were subjected to microarray analyses. Since a few genes
showed differential expression between them, we are investigating whether these gene products are
involved in Leydig cell differentiation. Since Arx is not expressed in Leydig cells, it activates
Leydig cell differentiation non-cell autonomously. Thus, we are currently investigating a role of a
secretion protein in activating Leydig cell differentiation.

The structural and functional defects observed in the KO mice and the chromosomal
localization of human ARX on Xp22.13 makes ARX a plausible candidate gene for XLAG (X-linked
lissencephaly with ambiguous genitalia). In fact, after analysis of the nucleotide sequence, we
detected mutations of the ARX in all eight XLAG patients examined.

Polycomb Component M33 as a Factor bound to the Boundary of Ad4BP/SF-1 Gene
Locus

Mammalian Polycomb (PcG) complexes were recently sub-divided into two distinct types
according to their biochemical and functional properties. The first complex, containing Eed and
Eenhancer of Zeste (Enx1 and Enx2), appears to be required to initiate repression of expression of
the target genes in early development, whereas a second complex containing M33, Mpc2,
rae28/Mphl, Bmil, and Mell8 appears to be required for stabilization of the repressed state.

Previously, Yuko Fukui (Research Associate of my laboratory) showed that disruption of M33
gene induced hypoplasia and sex-reversal of the gonads. In addition to these defects, we identified
splenic and adrenal defects in the M33 KO mice. Histological examination revealed disorganization
of the splenic vascular endothelium and its surrounding structures (Ref 32, Fukui et al. 2005). These
splenic phenotypes observed in the M33 KO mice were quite similar to those seen in Ad4BP/SF-1
KO mice (Ref 7, Morohashi et al. 1999). Moreover, the adrenal gland of M33 KO and Ad4BP/SF-1
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heterozygous KO mice are hypoplastic. These phenotypic similarities strongly argue for the
presence of genetic and functional interaction between the two genes. In fact, western blotting,
immunohistochemistry, and RT-PCR analyses of the M33 KO showed significantly decreased
expression of Ad4BP/SF-1, suggesting that M33 is an essential upstream regulator of Ad4BP/SF-1
gene. We recently found similar correlation between the two genes during gonad development.

Upstream stimulatory factors (USF-1 and USF-2), Sox9, and Wt1(-KTS form) have been
identified as direct-acting positive regulators of Ad4BP/SF-1 gene transcription. Therefore, we
tested whether M33 directly binds to Ad4BP/SF-1 gene locus by ChIP assay using antibody to M33.
Interestingly, the assays with Y-1 adrenocortical cells revealed that M33-containing PcG complex
are present at the upstream region of the first exon and immediately downstream region from the
last exon of Ad4BP/SF-1 (Ref 32, Fukui et al. 2005).

Our previous study demonstrated that the intergenic region between Ad4BP/SF-1 and GCNF
gene contains functional architectures such as DNase I hypersensitive sites, a nuclear matrix
attachment region (MAR), and CTCF binding sites. Moreover, ChIP assays showed a discontinuous
pattern of histone H3 and H4 acetylation over the region. These observations strongly suggested
that this region forms a boundary, so-called insulator, between the two transcriptional units,
Ad4BP/SF-1 and GCNF (Ref. 36, Ishihara et al. 2005). Therefore, it is important to compare the
intergenic structures among various cells and during steroidogenic tissue development.

Other Genes

Dax-1 is an essential factor for the development of gonads and adrenal glands. We examined
the functions of Dax-1 and Dax-1 gene regulation. These studies demonstrated that Dax-1 acts as a
repressor of Ad4BP/SF-1 through interaction with the LXXLL motif in Dax-1 (Ref. 23, Suzuki et al.
2003). The interaction with this motif was required for nuclear localization of Dax-1 as well as
transcriptional suppression (Ref. 20, Kawajiri et al. 2003).

We also examined the functions of vinexine y gene during gonad development in vinexine y
gene KO mice, and found that this gene is involved in testicular development by providing a
platform structure for MAPK signaling (Ref. 34, Matsuyama et al. 2005). We also investigated
Emx2 and Fkhl18 gene KO mice and showed that Emx2 is essential for establishment of epithelial
cell polarity in the early stages of gonad development (Kusaka et al. manuscript in preparation)
while Fkhl18 is implicated in the development of the testicular vasculature (Sato et al. manuscript
in preparation).

Asymmetric Ovarian Development in Birds

During the sexually-indifferent stage, chick embryonic gonads show no obvious
morphological L-R asymmetry. Interestingly, however, genetically ZW female birds develop the
ovary at the left side but not in the right side. In contrast, genetically ZZ male birds develop the
testis bilaterally. Such asymmetric gonad development has not been described in vertebrates, and
the process that regulates avian gonad development is interesting from both evolutionary and
developmental perspectives.

Our study revealed that homeobox gene PITX2 is expressed asymmetrically in the left
presumptive gonad and this asymmetric expression induces the asymmetric expression of the
retinoic-acid-catabolizing and -synthesizing enzymes, CYP26Al and RALDH?2, respectively.
Subsequently, retinoic acid suppresses the expression of Ad4BP/SF-I in the right ovarian
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primordium. Conversely, Ad4BP/SF-1 expressed in the left ovarian primordium asymmetrically
upregulates cyclin D1 to stimulate cell proliferation (Ref. 47, Ishimaru et al. in revision).

(3) Function of AhR (Dioxin Receptor) in the Gonads

It has been well documented that dioxins act as an endocrine disruptor through their
estrogenic action. However, the molecular mechanisms underlying this action are largely unknown.
To study this, we focused on the reproductive defects displayed by the AAR gene KO mouse. The
KO female mice showed significantly reduced fertility probably due to disordered estrus cycle, low
concentration of ovarian estradiol, and reduced numbers of ovulated eggs. Since estradiol is a
representative sex steroid in the female and is produced mainly in the ovary by successive reactions
of steroidogenic enzymes, we investigated the expression of these steroidogenic genes. The results
showed significantly low expression levels of cytochrome P450 aromatase, which catalyzes the
final step of estrogen synthesis, in the KO mouse. Furthermore, estrogen treatment rescued the
reduced ovulation capacity. This remarkable phenotype suggested that AhR regulates the P450
aromatase gene transcription. Indeed, reporter gene analyses indicated that the mouse and human
P450 aromatase genes are activated by AhR.

Our previous studies indicated that Ad4BP/SF-1 is specifically expressed in steroidogenic
tissues including the ovary, and implicated it in the regulation of the steroidogenic genes. Therefore,
we investigated whether AhR activates the P450 aromatase gene transcription synergistically with
Ad4BP/SF-1. Interestingly, reporter gene assays showed synergy between the two factors. Showing
a good correlation, ChIP with anti-AhR and anti-Ad4BP/SF-1 antibodies revealed that both factors
bind their recognition sequences on the aromatase promoter and form a protein complex in ovarian
cells. Thus, together with the AhR KO phenotype, we concluded that AhR regulates the P450
aromatase gene transcription with Ad4BP/SF-1, thereby regulating estrogen synthesis in the ovary
(Figure 3). This finding elucidated the mechanism of the estrogenic action of dioxins (Ref. 30, Baba
et al. 2005).

Figure 3. Since P450 aromatase is a key enzyme in
estrogen synthesis, the process of P450 aromatase
gene expression is tightly regulated during ovarian
estrus cycle. We demonstrated that AhR, together
with Ad4BP/SF-1, regulates synergistically P450
aromatase gene expression through binding to the
upstream elements. Indeed, treatment of animals
with the ligand molecule for AhR induced P450
aromatase gene expression even when the gene
was inactive for transcription. Since estrogen (E2)
stimulates egg maturation, follicular growth, and
rupture, ectopic estrogen synthesis would lead to
disruption of endocrine reproductive regulation.
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(4) Characterization of Factors that interact with Ad4BP/SF-1

In order to define the functional regulation of Ad4BP/SF-1, we screened two-hybrid libraries
prepared from mouse fetal gonads. We were able to isolate components of the sumoylation reaction
[conjugation of SUMO (small ubiquitin-like modifier)], UBS9, PIAS1, and PIAS3. This finding
strongly suggested that Ad4BP/SF-1 is regulated by sumoylation. In fact, Ad4BP/SF-1 is
sumoylated in vivo and in vitro at two lysine residues. Reporter gene assays with wild type and
mutant (KR mutant) with lysine-to-arginine substitution at the sumoylation sites demonstrated that
sumoylation suppresses the transcriptional activity of Ad4BP/SF-1. In addition to Ad4BP/SF-1,
SOX9 has a sumoylation consensus sequence and in fact sumoylated as well. Therefore, we
investigated whether sumoylation influences the synergy between the two transcription factors
using Miillerian inhibiting substance (MIS) gene as a reporter gene, which is regulated by SOX9
synergistically with Ad4BP/SF-1. Expectedly, sumoylation of Ad4BP/SF-1 and SOX9 suppressed
MIS gene transcription in this synergistic condition (Ref. 25, Komatsu et al., 2004).

Since the mechanism of SUMO-induced suppression of the transcriptional activity is
unknown, we isolated proteins that recognize sumoylated but not non-sumoylated Ad4BP/SF-1.
After incubation of nuclear extracts with in vitro sumoylated Ad4BP/SF-1, a protein (SCF) was
successfully recovered. Interestingly, in vitro binding assays demonstrated that SCF recognizes not
all but a certain class of nuclear receptors when they are sumoyalted. This protein has structurally
an ATPase and helicase domain common to chromatin remodeling factors of the SNF2 family. In
fact, this protein displayed ATPase activity in the presence of double strand DNA. Moreover, the
ATPase activity was enhanced by the presence of sumoylated Ad4BP/SF-1 and double strand DNA
containing Ad4 site (Figure 4). This observation strongly suggested that Ad4BP/SF-1, when it is
sumoylated, efficiently recruits the chromatin remodeling factor, SCF, and thereby the
transcriptional activity is suppressed. In fact, overexpression of SCF suppressed transcription
mediated by Ad4BP/SF-1, while SCF-siRNA released the suppressive activity of SCF (Ogawa et al.
Manuscript in preparation). Although it is not clear how SCF uses ATP energy, understanding the
effect of SCF on chromatin structure is essential for elucidation of SUMO function.

Figure 4. The chromatin remodeling factor, SCF, binds to
sumoylated Ad4BP/SF-1 more efficiently than
non-sumoylated form. When sumoylated Ad4BP/SF-1
binds to DNA, SCF displays ATPase activity. It is not yet
clear how SCF uses ATP energy.
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T. Baba, J. Mimura, N. Nakamura, N. Harada, M. Yamamoto, K. Morohashi* and Y.
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Fujii-Kuriyama*  (*; The last two authors equally contributed to this work.)
Mol. Cell. Biol. 25, 10040-10051, 2005

VMH specific enhancer of Ad4BP/SF-1 gene.

Y. Shima, M. Zubair, S. Ishihara, Y. Shinohara, S. Oka, S. Kimura, S. Suita, and K.
Morohashi

Mol. Endocrinol. 19, 2812-2823, 2005

Mouse Polycomb M33 is required for splenic vascular and adrenal gland formation through
regulating Ad4BP/SF-1 expression.

Y. Katoh-Fukui, A. Owaki, Y. Sotoyama, M. Kusaka, Y. Shinohara, M. Maekawa, K.
Toshimori, and K. Morohashi

Blood 106, 1612-1620, 2005

A steroidogenic cell line with differentiation potential from mouse granulosa cells, transfected
with Ad4BP and SV40 large T antigen genes.

Y. Kamei, Y. Aoyama, T. Fujimoto, N. Kenmotsu, C. Kishi, M. Koushi, S. Sugano, K.
Morohashi, R. Kamiyama, and R. Asakai

J. Endocrinol. 185, 187-195, 2005

Novel isoform of vinexin, vinexin g, regulates Sox9 gene expression through activation of
MAPK cascade in mouse fetal gonad.

M. Matsuyama, H. Mizusaki, A. Shimono, T. Mukai, K. Okumura, K. Abe, K. Shimada, and
K. Morohashi

Genes Cells 10, 421-434, 2005

Mesonephric FGF signaling is associated with the development of sexually indifferent
gonadal primordium in chick embryos.

H. Yoshioka, Y. Ishimaru, N. Sugiyama, N. Tsunekawa, T. Noce, M. Kasahara, and K.
Morohashi

Dev. Biol. 280, 150-161, 2005

Identification of the boundary for histone acetylation between nuclear receptor genes,
Ad4BP/SF-1 and GCNF, aligned in tandem.

S. Ishihara and K. Morohashi

Biochem. Biophys. Res. Commun. 329, 554-562, 2005

Expression of the estrogen-inducible EGFP gene in aromatase-deficient mice reveals
differential tissue-response to estrogenic compounds.

K. Toda, Y. Hayashi, T. Okada, K. Morohashi, and Toshiji Saibara

Mol. Cell. Endocrinol. 229, 119-126, 2005

CXorf6 is a causative gene for hypospadias.

M. Fukami, Y. Wada, K. Miyabayashi, I. Nishino, T. Hasegawa, G. Camerino, C. Kretz, A.
Buj-Bello, J. Laporte, G. Yamada, K. Morohashi, and Tsutomu Ogata

Nature Genetics 38, 1369-1371, 2006

Role of transcription factors Ad4BP/SF-1 and DAX-1 in steroidogenesis and spermatogenesis
in human testicular development and idiopathic azospermia.

Y. Kojima, S. Sakaki, Y. Hayashi, Y. Umemoto, K. Morohashi, and Kenjiro Kohri

Int. J. Urol. 13, 785-793, 2006

Two-step regulation of Ad4BP/SF-1 gene transcription during fetal adrenal development;
initiation by a Hox-Pbx1-Prepl complex and maintenance via autoregulation by Ad4BP/SF-1.
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41.

42.

43.

44.

45.

46.

47.

48.

49.

M. Zubair, S. Ishihara, S. Oka, K. Okumura, and K. Morohashi
Mol. Cell. Biol. 26,4111-4121, 2006

Differential gene dosage effects of Ad4BP/SF-1 on target tissue development.
Fatchiyah, M. Zubair, Y. Shima, S. Oka, S. Ishihara, Y. Fukui-Katoh, and K. Morohashi
Biochem. Biophys. Res. Commun. 341, 1036-1045, 2006

Atrazine-induced aromatase expression is SF-1-dependent: Implications for endocrine
disruption in wildlife and reproductive cancers in humans.

W. Fan, T. Yanase, H. Morinaga, S. Gondo, T. Okabe, M. Nomura, T. Komatsu, K.
Morohashi, T.B. Hayes, R. Takayanagi, and H. Nawata

Environmental Health Perspectives 115, 720-727, 2007

Fox12 up-regulates aromatase gene transcription in a female-specific manner by binding to the
promoter as well as interacting with Ad4BP/SF-1.

D. Wang, T. Kobayashi, L. Shou, Y. Ohmuro-Matsuyama, G. Guan, S. [jiri, F. Sakai, M.
Matsuda, Y. Shibata, K. Okubo, K. Morohashi, and Y. Nagahama

Mol. Endocrinol. 21, 712-725, 2007

Hypogonadotropic hypogonadism in an adult female with a heterozygous hypomorphic
mutation of SOX2.

N. Sato, Y. Kamachi, H. Kondoh, Y. Shima, K. Morohashi, R. Horikawa, and T. Ogata

Eur. J. Endocrinol. 156, 169-173, 2007

Clinical and molecular analyses of SRY-negative XX male patients —Correlation between
clinical findings and expression of transcription factors implicated in gonadal sex
differentiation-

Y. Kojima, Y. Hayashi, S. Sasaki, P. Koopman, K. Morohashi, and K. Kohri

Clin. Endocrinol. In press

Germ cells are essential for sexual dimorphism in the medaka gonad.
H. Kurokawa, D. Saito, Y. Katoh-Fukui, K. Ohta, T. Baba, K. Morohashi, M. Tanaka
Proc. Natl. Acad. Sci. UAS 104, 16958-16963, 2007

Mechanism of asymmetric ovarian development in birds.Y. Ishimaru, T. Komatsu, M.
Kasahara, Y. Katoh-Fukui, Y. Toyama, M. Maekawa, K. Toshimori, R.A.S. Chandraratna, K.
Morohashi, and H. Yoshioka (The last two authors are equally contributed to the study)
Development, In Revision

Involvement of aryl hydrocarbon receptor (AhR) in maintenance of seminal vesicle through
sexually different target gene expression.

T. Baba, Y. Shima, J. Mimura, M. Oshima, Y. Fujii-Kuriyama, and K. Morohashi

Sexual Development, In Revision

Pitx2 directly regulates Ad4BP/SF-1 gene transcription in the pituitary gonadotrope via
interaction with the intronic enhancer.

Y. Shima, M. Zubair, T. Komatsu, S. Oka, C. Yokoyama, T. Tachibana, T.A. Hjalt, and K.
Morohashi

Mol. Endocrinol. In Revision
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Class 2: Invited reviews, book chapters

1. The Ontogenesis of the Steroidogenic Tissues.
K. Morohashi
Genes to Cells 2, 95-106, 1997

2. Gonadal and Extragonadal Functions of Ad4BP/SF-1-Developmental Aspects-
K. Morohashi
Trends in Endocrinol. Metab. 10, 169-173, 1999

3. Sex Differentiation of the Gonads—Factors Implicated in Testicular and Ovarian
Developments.
K. Morohashi Environmental Sciences 9, 13-22, 2002

4,  Concerned Regulation of Gonad Differentiation by Transcription Factors and Growth Factors.
T. Suzuki, H. Mizusaki, K. Kawabe, H. Yoshioka, and K. Morohashi
P68-75 in “The genetics and biology of sex determination” in Novartis Found Symposium
244, John Wiley & Sons Ltd, UK, 2002

4. List of Invited Presentation
1997
1.

Germ Cell development and Meiotic Regulation. Symposium organized by Grant-in-Aid for
Scientific Research on Priority Areas. (Hakone)

Invited Speaker, K. Morohashi

‘Ad4BP/SF-1 and DAX-1 in the gonadal development’

2. 10th International Conference on Cytochrome P450: Biochemistry, Biophysics, and Molecular
Biology. (San Francisco)
Symposium, Invited Speaker, K. Morohashi
‘Control of Steroidogenic P450 gene expression by orphan nuclear receptors’

3. 16th Annual Meeting for Japan Society of Andrology (Yokohama)
Symposium, Invited Speaker, K. Morohashi
‘Differentiation of the gonads and functions of Ad4BP/SF-1’

~

99
4.  8th Adrenal Cortex Conference (Quebec), 6/13-16

Invited Speaker, K. Morohashi

‘Expression and regulation of transcription factors implicated in adrenal and gonadal
development’

99
International Symposium on Environmental Endocrine Disruptors '99 (Kobe) Dec. 9-11,
Invited speaker, K. Morohashi

‘Expression and Function of Transcription Factors Implicated in Differentiation of the
Gonads’

6. Japanese-Hungarian Binational Symposium on "Developmental and environmental control of
cell differentiation" (Szeged, Hungary) Oct. 14-15
K. Morohashi

Co

W |~
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“Transcription factors implicated in the gonadal and adrenocortical development’

7.  The 4th International Symposium on Molecular Steroidogenesis (Nara) Aug. 25-28
Invited Speaker, K. Morohashi
“Transcription factors implicated in the gonadal and adrenocortical steroidogenesis’

8.  22nd the Molecular Biology Society of Japan (Fukuoka), 12/7-12/10
Workshop, Invited Speaker
K. Morohashi, K. Kawabe, T. Mukai, H. Mizusaki, S. Ishihara
‘Function of Orphan Nuclear Receptor during Gonad Differentiation’

9.  2nd Symposium for Reproductive Toxicity (Nagoya) 11/4
Special Lecture, K. Morohashi
‘Nuclear Receptors required for the Gonad Development’

10. 72nd Annual Meeting of the Japanese Biochemical Society (Yokohama) 10/6-10/9
Symposium, Invited Speaker, K. Morohashi
‘Nuclear Receptors required for the Gonad Development’

11. 18th Annual Meeting for Japan Society of Andrology (Tokyo), 7/2-7/3
Invited Lecture, K. Morohashi
‘Molecular Mechanisms for Gonad Development’

12. 72nd Annual Meeting of Japan Endocrine Society (Yokohama) 5/31-6/2
Symposium coorganized with Science Council of Japan, Invited Speaker, K. Morohashi
‘Effects of Endocrine Disruptors during Gonad Development’

13. 25th the General Assembly of the Japan Medical Congress (Tokyo) 4/2-4/4
Symposium, Invited Speaker, K. Morohashi
‘Nuclear Receptors regulating Gonad Development’

2000

14. International Symposium on Environmental Endocrine Disruptors 2000 (Yokohama)
12/16-12/18, Symposium, Invited speaker, K. Morohashi
‘Transcription Factors supporting Gonad Sex Differentiation’

15. 9th Adrenal Cortex Conference (Toronto) 6/17-20
Symposium, Invited speaker
K. Morohashi, T. Mukai, K. Kawabe, T. Suzuki, H. Mizusaki, S. Ishihara, K. Umesono, K.
Kawajiri
‘Adrenocortical and Gonadal Differentiation Regulated by Transcription Factors, Ad4BP/SF-1
(NR5A1) and Dax-1 (NROB1)’

16. 2nd International Symposium on the Biology of Vertebrate Sex Determination (Hawaii)
4/10-4/14
K. Morohashi, K. Kawabe, H. Mizusaki, T. Suzuki, N. Nakamura, M. Kasahara, T. Ikuta, S.
Ishihara, H. Yoshika, K. Umesono, K. Kawajiri
“Transcriptional Regulation in Differentiating Gonads’

17. 23rd Annual Meeting of the Molecular Biology Society of Japan (Kobe), 12/13-12/16
Symposium, Invited Speaker
K. Morohashi, H. Yoshioka, K. Kawajiri
‘Gene Regulation for Sex Differentiation’
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18.

19.

20.

21.

2001

22.

23.

24.

25.

26.

27.

2002

28

53rd Annual Meeting of Japan Society for Cell Biology (Fukuoka) 19/31-11/2

Symposium, Invited Speaker

K. Morohashi, K. Kawabe, T. Suzuki, T. Mukai, N. Nakamura, H. Mizusaki, M. Kusaka, T.
Ikuta, K. Umesono, K. Kawajiri

‘Nuclear Receptors required for the Gonad Development’

73rd Annual Meeting of Japan Endocrine Society (Kyoto) 6/16-6/18
Symposium, Invited Speaker

K. Morohashi, K. Kawabe, T. Mukai, H. Mizusaki, S. Ishihara
‘Gene regulation for Sex Differentiation’

4th Lecture organized by the Japan Society of Endocrine Disruptor (Tokyo)
Invited Speaker, K. Morohashi
‘Molecular Mechanisms for Sex Differentiation’

18th Takamine Conference (Tokyo) 2/19-2/20
Invited Speaker, K. Morohashi
‘Sex Differentiation and Nuclear Receptor’

14th International Congress of Developmental Biology (Kyoto, Japan)

July 8-12, Symposium /Session organizer, Symposium ‘differentiation of sexes’
K. Morohashi, K. Kawabe, T. Suzuki, H. Mizusaki, H. Yoshioka
“Transcriptional regulation in differentiating gonads’

The Endocrine Society’s 83rd Annual Meeting (Denver, USA) June 20-23

Fifth Shionogi Transpacific Symposium -Frontiers in Reproductive Endocrinology,
Invited speaker, K. Morohashi, H. Yoshioka, K. Kawajiri

‘Organogenesis of Gonads and Transcription Factors’

Novartis Fundation Symposium No. 244 (London, UK)

April 30-May 3, Invited speaker, K. Morohashi

The Genetics and Biology of Sex Determination

“Concerted Regulation of gonad differentiation by transcription Factors and Growth Factors”

The 45th International NIBB Conference (Okazaki, Japan) 3/3-3/5
Invited speaker, K. Morohashi

Recent Progress in Endocrine Disruptor Research

“Transcription Factors implicated in Gonad Differentiation’

5th Annual Meeting of the Japanese Society for Pediatric Endocrinology (Tokyo) 10/5
Lecture, Invited Speaker, K. Morohashi

‘Molecular Mechanisms for the Gonad Development — Transcription Factor and Growth
Factor’

CREST Symposium for Endocrine Disruptor (Tokyo) 9/19
Invited Speaker, K. Morohashi
‘Sex Differentiation of the Gonads’

The 11th International Congress on Hormonal Steroid/7th International Congress on
Hormones and Cancer (Fukuoka) 10/ 21-10/25

Plenary lecture, Invited Speaker

K. Morohashi, M. Zubair, H. Mizusaki, T Suzuki, N. Sugiyama, H. Yoshioka, Y. K. Kitamura,
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29.

30.

31.

32.

33.

2003
34.

35.

36.

37.

38.

Katoh-Fukui
‘Molecular Mechanisms underlying Steroidogenic Tissue Differentiation’

The 48th NIBB conference “Molecular Mechanisms of Sex Differentiation”

(Okazaki) 10/ 18-10/20

Organizer

K. Morohashi, H. Mizusaki, N. Sugiyama, T. Fukuda, M. Kusaka, T Suzuki, H. Yoshioka, Y.
Katoh-Fukui

‘Molecular Mechanism underlying Gonad Differentiation’

The 12th Asia-Oceania Congress of Endocrinology (Taipei, Taiwan) 9/20-9/24

Symposium, Invited Speaker

K. Morohashi, M. Zubair, H. Mizusaki, T Suzuki, N. Sugiyama, H. Yoshioka, Y. Katoh-Fukui
‘Molecular Mechanism underlying Gonad Differentiation’

The 1st International Nuclear Receptor Meeting in Japan (Kyoto), 3/1-3/3
Organizer, K. Morohashi, T. Suzuki, H. Mizusaki, K. Kawajiri
‘Functions of Orphan Nuclear Receptors in Gonad Differentiation’

25th Annual Meeting of the Molecular Biology Society of Japan (Yokohama), 12/11-12/14
Symposium, Invited Speaker

K. Morohashi, N. Sugiyama, T. Suzuki, H. Mizusaki, M. Kasahara, H.Yoshioka, M. Zubair,
K. Kawayjiri, Y. Fukui-Katoh

‘Functional Regulation of Orphan Nuclear Receptor required for Gonad and Adrenal
Development’

75nd Annual Meeting of Japan Endocrine Society (Osaka) 6/28-6/30
Symposium, Invited Speaker, K. Morohashi
‘Nuclear Receptor and the Cofactors required for Gonad Development’

The 3rd Meeting on Pathology of Genetically Engineered Mice (Kumamoto) 10/2-10/4
Invited Speaker

Morohashi K, Zubair M, Shima Y, Mizusaki H, Sugiyama N, Ishimaru Y, Yoshioka H,
Katoh-Fukui Y

‘MOLECULAR MECHANISMS UNDERLYING GONAD DIFFERENTIATION’

Workshop on Molecular Steroidogenesis (IV) (Bath, United Kingdom) 4/24-4/27

Symposium, Invited

H Yoshioka, Y Ishimaru, N Sugiyama, M Kasahara, K Morohashi

‘Mesonephric FGF9 is the initiation signal for gonad formation in chick’

The 2nd international nuclear receptor meeting in Japan (Osaka), 2/14-2/16

Organizer and Invited Speaker

Morohashi K, Zubair M., Mizusaki H., Suzuki T., Sugiyama N., Yoshioka H., Katoh-Fukui Y.
‘Molecular Mechanisms underlying Steroidogenic Tissue Differentiation’

26th Annual Meeting of the Molecular Biology Society of Japan (Kobe), 12/10-12/13
Symposium organizer, Invited Speaker

H. Ogawa, T. Komatsu, M. Tsuchiya, H. Mizasaki, T. Suzuki, K. Morohashi
‘Transcriptional Regulation of Nuclear Receptor implicated in Gonad Development’

26th Annual Meeting of the Molecular Biology Society of Japan (Kobe), 12/10-12/13
Symposium, Invited Speaker
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39.

40.

41.

2004
42.

43.

44,

45.

46.

47.

48.

2005
49.

K. Morohashi, N. Sugiyama, M. Kusaka, H. Mizusaki, T. Suzuki, H. Ogawa, H. Yoshioka, Y.
Fukui-Katoh
‘Mammalian Gonad Sex Differentiation and Transcriptional Regulation’

Keio University Memorial Symposium (Tokyo) 12/4
Invited Speaker, K. Morohashi
‘Sex Differentiation of the Gonads-implication of nuclear receptor’

76th Annual Meeting of the Japanese Biochemical Society (Yokohama) 10/15-10/18
Symposium organizer, Invited Speaker

K. Morohashi, M. Zubair, H. Mizusaki, K. Masatomo, N. Sugiyama, H. Yoshioka, H. Ogawa,
Y. Katoh-Fukui

‘Molecular Mechanisms underlying Gonad Differentiation’

26th the General Assembly of the Japan Medical Congress (Fukuoka) 4/4-4/6
Symposium, Invited Speaker, K. Morohashi
‘Molecular Mechanisms for Gonad and Adrenal Cortex’

The 12th International Congress of Endocrinology (Lisbon, Portugal) 8/31-9/4,
Symposium Invited, K. Morohashi
“Transcription factors in gonadal sex differentiation’

The 11th Adrenal Cortex Conference (New Orleans) 6/12-15

Symposium/Invited

K. Morohashi, Y. Ishimaru, N. Sugiyama, H. Yoshioka

‘Growth factors from mesonephros implicated in gonadal and adrenal differentiation’

The 3rd International Nuclear Receptor Meeting in Japan (Osaka) 4/15-17,

Organizer and Invited Speaker

K. Morohashi, Baba T, Miura J, Nakamura N, Harada N, Yamamoto M, Fujii-Kuriyama Y
‘Ah (dioxin) Receptor as a Key Factor in the Regulation of Female Reproduction’

27th Annual Meeting of the Molecular Biology Society of Japan (Kobe), 12/8-12/11
Workshop, Invited Speaker

K. Morohashi, M. Zubair, Y. Shima, K. Masatomo, N. Sugiyama, H. Ogawa, Y. Katoh-Fukui
‘Tissue-specific Expression of Ad4BP/SF-1 Gene’

9th Annual Meeting of Japan Society of Reproductive Endocrinology (Osaka), 11/27
Invited Lecture, K. Morohashi
‘Molecular Mechanisms for Sex Differentiation’

77th Annual Meeting of Japan Endocrine Society (Kyoto) 6/24-6/26
Symposium, Invited Speaker

K. Morohashi, H. Yoshioka, Y. Katoh-Fukui

‘Molecular Mechanisms for Gonadal Sex Differentiation’

5th Women’s Forum (Kyoto) 6/25
Invited Speaker, K. Morohashi
‘Dioxin and Ovarian Function’

78th Annual Meeting of Japan Endocrine Society (Tokyo) 7/1-7/3
Invited Lecture, K. Morohashi
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‘Molecular Mechanisms for Sex Determination’

50. 78th Annual Meeting of Japan Endocrine Society (Tokyo) 7/1-7/3
Symposium, Invited
K. Morohashi, T. Komatsu, H. Ogawa
“Transcriptional Regulation of Ad4BP/SF-1 by sumoylation’

2006
51. 16th Lake Shirakaba Conference (Grenada) 12/ 6-7
Invited Speaker
K. Morohashi, Y. Ishimaru, M. Zubair, S. Oka, K. Miyabayashi, M. Kusaka, Y. Shima, T.
Baba, H. Ogawa, H. Yoshioka, Y. Katoh-Fukui
‘Genetic program of gonad differentiation’

52. The Fourth NIBB-EMBL Symposium
Biology of Protein Conjugation — Structure and Function (Okazaki) 12/3-5
Invited Speaker, T. Komatsu, M. Tsuchiya, H. Ogawa, and K. Morohashi
‘Regulation of Ad4BP/SF-1 by SUMO’

53. International Symposium on the Environmental Risks of Chemicals (Kushiro) 11/12-14
Invited speaker, K. Morohashi
‘Function of AhR in the Ovary’

54. [International Symposium on “Molecular Mechanisms of Sex Determination and
Differentiation”
Coorganized with the 77th Annual Meeting of the Zoological Society of Japan (Matsue) 9/21
Organaizer, Invited Speaker
H. Yoshioka, Y. Ishimaru, T. Komatsu, M. Kasahara, Y. Katoh-Fukui, K. Morohashi
‘Mechanism for asymmetric gonad development in birds’

55. Special developmental biology seminar (Univ. Queensland) 8/9
Invited Speaker, K. Morohashi
‘Mechanism for asymmetric development of the avian ovary’

56. 12th Adrenal Cortex and 5th Molecular Steroidogenesis Conference (Boston) 6/20-23
Invited Speaker, K. Morohashi
“Two-step regulation of Ad4BP/SF-1 gene transcription during fetal adrenal development’

57. 17th International Symposium of the Journal of Steroid Biochemistry and Molecular Biology
(Seefeld, Austria) 5/31-6/3,
Invited Speaker, Komatsu T, Tsuchiya M, Ogawa H, K. Morohashi
‘Regulation of orphan nuclear receptor, Ad4BP/SF-1, by SUMO’

58. Fourth International Symposium on the Biology of Vertebrate Sex Determination,
(Hawaii) 4/10-14
Invited Speaker
K. Morohashi, M. Kusaka, K. Miyabayashi, Y. Ishimaru, Zubair M., H. Ogawa, H.Yoshioka,
Y. Katoh-Fukui
‘Transcriptional Regulation of Genes implicated in Gonad Development’

59. The 52nd NIBB conference, Reproductive Strategies (Okazaki) 6/20-23
Invited Speaker
K. Morohashi, Y Ishimaru, M Zubair, S Oka, K Miyabayashi, M Kusaka, Y Shima, T Baba,
H Ogawa, H Yoshioka, Y Katho-Fukui
‘Genetic Program of Gonad Differentiation’
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60. 164th Life Science Forum (Tokyo) 12/11
Invited Lecture at Japan National Press Club
K. Morohashi
‘The Sexes-their Curiosity and Attractiveness-

61. The 7thWomen’s Forum (Kobe) 5/20
Invited Speaker, K. Morohashi
‘Unusual Chick Ovary’

2007

62. Society for Endocrinology Britsh ES 2007, March 5-8, Birmingham, UK,
Asia and Oceania Medal lecture, Ken Morohashi
‘From Ad4BP/SF-1 to cell and tissue differentiation’

63. The 4th International Nuclear Receptor Meeting in Japan (Osaka), Feb 1-2,
Organizer, T. Komatsu, H. Ogawa, Morohashi K
Regulation of Ad4BP/SF-1 by SUMO

5.  Perspective of Research

(1) Mechanisms of Leydig Cell Differentiation

We recently localized fetal Leydig cell-specific enhancer upstream of the Ad4BP/SF-1 gene,
and the structure and function of the enhancer are currently under investigation. Structural and
functional analyses of fetal Leydig cell-specific enhancer would clarify the mechanisms for fetal
Leydig cell differentiation. Papers published so far and our preliminary results indicate the
involvement of several growth factors, such as Fgf9, Pdgf, and i, and transcription factors, such as
Arx, Dax-1, and Podl, in fetal Leydig cell differentiation. Considering that Ad4BP/SF-1 is highly
transcribed in fetal Leydig cells, transcription of Ad4BP/SF-1 is possibly regulated indirectly by
these growth factors and directly/indirectly by these transcription factors. Since the site of action of
these factors is probably localized in the fetal Leydig cell-specific enhancer, identification of these
sites on the enhancer should be interesting and informative. These studies will be performed using
transgenic reporter gene assays with wild type and mutated enhancers on the gene KO background.

As described in the previous chapter, we identified candidate genes downstream of Arx, and
are investigating the functions of the gene products. Since one of the genes encodes a secretary
protein, we have established an assay system to detect the biological functions using cultured fetal
gonads. These studies, together with the studies of fetal Leydig cell-specific enhancer, will be
performed to elucidate the molecular mechanisms of fetal Leydig cell differentiation.

(2) Mechanisms of Enhancer Selection and Enhancer Switching

The adrenal cortex and Leydig cells share a few common features. Both cells synthesize
steroid hormones by the functions of a similar set of steroidogenic genes, suggesting that these two
cell types could be derived from a common primordial cell. In fact, we demonstrated previously that
a single group of Ad4BP/SF-1-positive cells (Adreno-Gonad Primordium) divided into two groups,
one of which develops into the gonad while the other develops into the adrenal cortex. In this
process, these two cell types select different enhancers of the Ad4BP/SF-1 gene. Namely, the
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adrenocortical cells select the fetal adrenal enhancer while fetal Leydig cells select the fetal Leydig
enhancer.

It is believed that the fetal adrenal cortex and fetal Leydig cells disappear after birth, with the
simultaneous emergence of the adult type adrenal cortex and Leydig cells. Although the
relationship between fetal and adult cell lineages is not clear, we recently demonstrated that lacZ
turned-on by Cre driven by the fetal adrenal enhancer is still active in adult adrenal cells, strongly
suggesting that the fetal adrenal cells diffeentiate into adult adrenal cells. Therefore, the
adrenocortical cells switch an active enhancer from the fetal to adult adrenal enhancer during the
process of adrenocortical differentiation from fetal type to adult type.

The selection and switching of the enhancers are thought to occur during the process of cell
differentiation, and seem to be essential steps in the process. However, the mechanisms that
regulate such processes are mostly unknown. To investigate these mechanisms, we recently started
to examine the chromatin structure of Ad4BP/SF-1 gene locus in different cell types by
ChIP-on-Chip analyses. This assay has the advantage of detection of target sites of a certain
transcription factor or chromatin protein at the whole genomic level. However, as generally pointed
out, oligonucleotides used for the DNA chip give variable background binding. Therefore,
considering the melting temperature of oligonucleotides, we produced a custom-made chip that
covers approximately 40 gene loci of our interest. Unfortunately, however, we found the same
problems with the ChIP-on-Chip analyses even with the chips. Accordingly, we plan to continue the
ChIP-on-Chip analyses and simultaneously try to analyze chromatin structure using a large-scale
on-Chip-sequence analysis. Such analyses should hopefully clarify changes in the chromatin
structure at the whole genomic loci of our interest including Ad4BP/SF-1 gene. These results will
allow us understand temporal alterations and cell-specific differences in chromatin structure. I
assume that certain regions of the locus will have a characteristic structure, and show structural
changes among differentiated cells and during various developmental stages. These regions will be
the next target of our investigation.

(3) Sex Determining Gene of Chicken

Although the sex of mammalian species is determined by testicular dominant gene on the Y
chromosome (SRY), birds are unique in terms of ovarian dominant sex determination. Since
individuals carrying the W chromosome develop ovaries, it is thought that the ovarian determining
gene is possibly localized on the W chromosome. The genome project determined the entire chick
genome sequence, and several genes were found to be localized on the W chromosome-specific
region.

We have established techniques to manipulate gene expression in chick embryonic gonads
with double strand RNA. Together with the use of retroviral vectors and electroporation, we
investigated candidate genes whether they potentially induce the female gonad marker gene, CYP19
(P450aromatase) gene, in the male gonad. Preliminary data suggest that ovarian determination is
regulated by both ovarian-dominant and dosage-dependent processes. We expect to obtain definite
conclusions from these in vivo studies.
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(4) Physiological Function of SUMO Modification

We have identified SCF as a factor that specifically recognizes a class of nuclear receptors
when they are sumoylated. SCF is considered a member of the SNF2 family of chromatin
remodeling factors and in fact displays ATPase activity in the presence of double stranded DNA.
However, we have not elucidated yet the molecular linkage between sumoylation and chromatin
remodeling, and sumoylation and transcriptional suppression. We tried to detect the
chromatin-remodeling activity of SCF in vitro with reconstituted chromatin, however, we could not
detect any clear activity of SCF. Considering that other members of the SNF2 family have cofactors
and possibly act in combination with them, we assume that a cofactor is required for SCF.
Therefore, we tried purification of the protein(s) that interacts with SCF, and fortunately succeeded
in purifying a new protein. We anticipate that the newly purified protein is a key factor to uncover
the functions of SCF.

In order to examine the functions of sumoylation of Ad4BP/SF-1 and SCF in vivo, we plan to
establish new mouse lines, in which the two lysine residues of sumoylation targets that reside in
Ad4BP/SF-1 are substituted by arginine residues, and in which SCF is floxed to produce
conditionally KO mice. Deleter mouse lines to produce the SCF conditional KO mouse have been
already established with tissues specific enhancers of Ad4BP/SF-1 for fetal adrenal, pituitary, VMH,
and fetal Leydig cells. These two gene disrupted mouse lines will be used in our future research
designed to clarify the physiological function of sumoylation.

After spending the past 10 years in NIBB, I have decided to move to the Graduate School of
Medical Sciences, Kyushu University from April 2007. I believe that the research environment
provided by the NIBB is excellent including the magnificent facilities of the Center for Transgenic
Animals and Plans, Center for Analytical Instruments, and others. These facilities have significantly
helped the progress of our research. I thoroughly thank the support staff in these centers for their
devotion and support. I also thank the faculty members of NIBB. I learned much about
developmental biology, reproductive science, sexual differentiation, and many other areas through
interesting and interactive discussions with the excellent scientists. The research work performed in
this institution provided me with tremendous information and data. Based on these studies, I could
formulate a scheme that clarifies the fine mechanisms underlying sex differentiation, gonad
development, and steroidogenic cell differentiation that encompasses chromatin remodeling,
enhancer selection, and enhancer switching.
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6. Description of other academic activities

In this past 10 years, our Division supervised 9 PhD students from SOKEN-DAI and 4 of them
completed their PhD degrees, 1 is preparing her thesis, and 4 continue their studies at present. In
addition to SOKEN-DALI, our Division accepted 2 PhD students from Kyushu University, 1 from
Hokkaido University, 1 from Kyoto University, 1 from Tokyo University, 2 from Tohoku
University, 1 from Ehime University, 2 from Nagoya University, and 1 from Nagoya City
University. All of them obtained their PhD degree after completing their postgraduate studies in this
Division.

Based on the importance of the research field of ‘molecular mechanisms of sex differentiation’,
I prepared with Prof. Nagahama a grant proposal to the Priority Areas of the Scientific Research by
the Ministry of Education, Culture, Sports, Science and Technology, Japan. Fortunately, our
research project was selected as one of the programs. Our five-year program started in 2004, and
currently 45 domestic research groups are supported by this grant. This program is expected to
encourage the establishment of a new scientific section for the study of the mechanisms of sex
differentiation.
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Director-General of
the National Institute for Basic Biology

Kiyotaka Okada

"Welcome to the world
of basic biology"

The National Institute for Basic Biology (NIBB), a brick-colored building
overlooking the city of Okazaki, can be viewed from the windows of the
Tokaido Shinkansen and the vehicles driving on Route 1. The NIBB was
established in 1977 and celebrated its 30th anniversary in 2007. Our building
is already well-known to the people of Okazaki, but our purposes and
achievements are not yet widely known. Various questions might arise, for
example: what kind of research is conducted in it? What kinds of people
spend their days there, and what do they want to know about? Is there any
chance to meet them to ask about their work? This brochure will answer these
kinds of questions.
| am often asked questions like: what is basic biology and how does it differ
from biology and life science? Since entering the 21st century, our
understanding of genes has progressed, and basic and applied research are
closely bound together. There have been many cases in which the results of
basic research using experimental animals have quickly lead to cures for
human diseases because the genes of the experimental animals, such as
drosophilas and mice, are quite similar to those of humans. In addition, the
achievements of basic research using model plants, such as Arabidopsis,
have contributed to the development of crops that can grow even in adverse
environments and have allowed for increases in cereal yields. Dividing
biology into basic biology and applied biology may seem of little significance,
but it will remain the case that basic research will lead to applied research.
The NIBB sets as its most significant goals the study of the functions of the
basic genes of living organisms and cells and research into the mechanisms
that allow living organisms to fit into a living environment and obtain various
shapes and abilities. The NIBB researches the basic and universal
mechanisms that have been unchanging throughout the evolutionary process
and the reasons that various changes have occurred in unicellular
organisms, animals, and plants. The researchers uncover the billion-year
history in living organisms and struggle to reveal the secrets hidden in them.

The NIBB, according to its role as an Inter-University Research Institute,
promotes joint study between researchers and students from universities and
institutes across Japan. Researchers from abroad have frequently visited the
NIBB, and the staff has supported their research effectively. Cultivating
researchers capable of leading future research and fostering the education
of the next generation are also a major role. As one of the campuses of
SOKENDAI, the NIBB have provided a favorable environment in which
graduate students may conduct research.

With these goals and roles in mind, the NIBB has dedicated itself to a wide
range of activities. We will provide not only the results of research, but also
various kinds of information, such as pictures of events and living organisms.
Your comments or suggestions are appreciated.
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The National Institute for Basic Biology (NIBB) was
established in the city of Okazaki in 1977 along with
the National Institute for Physiological Sciences (NIPS).
Since 1981, the NIBB and NIPS have constituted the
Okazaki National Research Institutes with the
previously established Institute for Molecular Science.
As a leading research institute for basic biology in
Japan, the NIBB, since its establishment, has accepted
many joint researchers from Japan and abroad, and its
achievements, as products of "OKAZAKI," are highly
praised in treatises and at international conferences.
Research also commenced in the Yamate area in 2002.
Since 2004, the National Astronomical Observatory of
Japan, the National Institute for Fusion Science, and Yamate area
three institutes in Okazaki have been conducting
research under a new framework called the National
Institutes of Natural Sciences.

"Organization”

ST R ~ <
National Institutes of ) i
Natural Sciences Research Unit

ggﬁonal tAsn'o?jmical
servatory o an 5
b Cell Biology
National Institute for
Fusion Science

Developmental .
Biology

National Institute

for Basic Biology Neurobiology

Director-General

Evolutionary Biology
Vice Director Y and Biodiversity

" National Institute for i i
Pryoblogial Soidnree Environmental Biology

Institute for Molecular Science . "
Theoretical Biology

Imaging Science
4

. Research Center for Computational Science

mggg—g—!—,,—,—m,’!.*D
imal E Center for Radioisotope Facilities t Research Support
- — e —— 54

— = : Research Support Facilities

- Research Facilities run jointly with NIPS|
Y P i Center for Transgenic Animals and Plants
Center for Analytical Instruments _
Laboratory Glassware Facilities § Machine Shop Research Center for Integrative and Computational Biology

Y Electron Microscope Center I Low Temperature Facilities

Technical Division

[ Okazaki Administration Office ] & )




)]
Goals of the NIBB

International
cooperation

Contribution to the community of biologists

Promotion of collaborative
research projects

P.3

Promotion of
academic research

P.Z

P4

Development
of new fields

PS5

Cultivation of
future researchers

P.6

“As the center of excellence for biological research”

[ Collaborative research projects ]

Inter-University Research Institutes

An inter-university research institute is a 'research institute operated by the
research community’, a type of world-class organization unique to Japan.
The inter-university institute was organized as a core base to provide a place
for joint research and extramural use by researchers across Japan. The
inter-university research institute not only promotes pioneering studies on
important research issues, but also provides opportunities for cutting-edge
researchers throughout Japan to gather and engage in activities aimed at
exploring future academic fields and creating new principles.

While maintaining its uniqueness and diversity, each institution makes a
great contribution in the development of academic research in Japan as a
Center of Excellence (COE) in each research field. Together, they also serve
as an international core base to promote cooperation and exchange with
research institutes and researchers abroad.

Collaborative research projects

Research projects to collaborate with the NIBB's divisions/laboratories and
research activities to be conducted using facilities in the NIBB are solicited
from external researchers at other universities and institutes. In addition to
conventional “individual collaborative research projects,” “collaborative
experiments using the Large Spectrograph,” and “NIBB workshops," new
types of research projects are solicited that will facilitate the strategic
organization of collaborative research projects. "Priority collaborative
research projects” are carried out in one to three years as group research by
internal and external researchers with the purpose of developing pioneering
research fields in biology. Three projects have already been carried out,
including “Molecular mechanism for controlling the individuals of higher
plants." Also, the category of “collaborative research projects for model
organisms/technology development” has been set since 2007 with the aim
of developing and establishing new model organisms. Two projects have
already been carried out, including "Development of the transgenic strain of
Cabombaceae (primitive angiosperm).” In the belief that the methods of
conducting collaborative research projects must be constantly modified
according to the demands of the age and the biology community, the NIBB
always encourages discussion on such projects.

Collaborative research projects by year

year 2005 2006 2007

Priority collaborative research projects 2 3 1

Collaborative research projects for _ = 2

model organisms/technology development

Individual collaborative research projects 41 37 34

NIBB workshops 4 1 1

Collaborative experiments usin

the Large Spec)t(r‘:;raph ’ 1 18 12
total 64 59 50

Enhancement of the Large Spectrograph

The Large Spectrograph Laboratory (see p. 17), as a world-leading
research facility in photobiology, has succeeded in a large number of
collaborative research projects since its foundation in 1980. To ensure
further higher-level achievements, the Laboratory has promoted
enhancement of its laboratory equipment, including advanced control
systems, the use of laser sources, and sophisticated analysis equipment. To
supplement the currently operating fixed (partly tunable) wavelength laser
sources, the introduction of tunable laser sources covering a wide range of
wavelengths from UV to IR is in preparation.

Violet laser (390 to 410 nm) and blue laser
(440 to 460 nm) sources

Laser irradiation of a sample



"As the core of the worldwide
community of researchers"

[ International cooperation

Collaborative research projects with the EMBL

The European Molecular Biology Laboratory
(EMBL) is a research institute funded by 18
European states and established in 1974. It
conducts comprehensive, high-level basic
research programs, leading the world in the
field of molecular biology. The NIBB takes the leading role in collaborative
research programs between the EMBL and the National Institutes of Natural
Sciences (NINS), which were launched in 2005, and promotes personal and
technological exchange through symposia, exchange between researchers
and graduate students, and introduction of experimental equipment.

F N\
Past EMBL Symposia
1st  Developmental Biology Jul. 2005 Heidelberg (Germany)
2nd  Frontiers in Bioimaging Mar. 2006  Okazaki (Japan)
3rd  Mouse Biology Apr.2006  Monterotondo (ltaly)
4th  Biology of Protein Conjugation ~ Dec. 2006  Okazaki (Japan)
5th  Cell and Developmental Biology May 2007  Okazaki (Japan)

- J

Study tour of a mice facility at the EMBL

Participants of the 4th symposium

NIBB Conference

The NIBB Conference is an international conference organized by the
NIBB's professors once or twice a year with the participation of a guest
lecturer from abroad. Since the first conference in 1977 (the year of the
NIBB’s foundation), the NIBB Conference has provided researchers in basic
biology with valuable opportunities for international exchange.

Recent NIBB Conferences

51st New Aspects of Gene Amplification Nov. 2005
52nd Reproductive Strategies Jan. 2006
53rd Dynamic Organelles in Plants Jun. 2006

International Practical Course

With the cooperation of researchers from Japan and abroad, the NIBB
international practical course, a practical training course, is given at the
dedicated laboratory specifically prepared for the course in the NIBB. The
first course, titled 'Developmental Genetics of Zebrafish and Medaka," was
held in 2007. Graduate students from various East Asian nations and areas,
including China, Hong Kong, Taiwan, and India, were provided with training
in state-of-the-art techniques for small fish research.

Practical training at the dedicated laboratory

Bioresources

The National BioResource Project
(NBRP) is a national project for the
systematic accumulation, storage, and
supply system of nationally recognized
bioresources (experimental animals
and plants, cells, DNA, and other
genetic resources), which are widely
used as materials in life science
research. To promote this national
project, the NIBB has been appointed
as a research center for research on
'Medaka (Oryzia Iatipes)' whose
usefulness as a vertebrate model first
developed in Japan. The usability of
Medaka as a research material in
biology has drawn increasing attention
since its full genome sequence
recently became available. The NIBB
also works as a sub-center for this
national project for research on
Japanese moming glory and zebrafish.
In addition, the NIBB provides
databases containing research data on
the moss Physcomitrella patens,
Daphnia, Xenopus laevis, plant cell
organelles, and bacterial genomes.

Top: Inbred Hd-rR strain of
Medaka with the full genome
sequence determined, Middle:
Transgenic Medaka with red
fluorescence emerging from the
whole body, Bottom: Quintet

strain  of Medaka with
transparent body.

Micro-manipulation of the embryo



"Center for developing new fields of biology"

[ Development of new fields

Bioimaging

Recently, the capability of optical microscopes has greatly improved, and
biophotonics probes have also been developed. The combination of these
technologies allows us to use living samples and observe biological
phenomena in real time, which, in the past, could only be estimated based
on fragmentary information from fixed samples. The NIBB aims to maximize
the application of these techniques for visualizing biological phenomena
(bicoimaging) in biological research and to develop new imaging techniques.

Vs N

1)Establishment of the imaging science laboratories The
NIBB aims to be a center for developing microscopes and
biophotonics probes.

2)Setup of the Advisory Committee on Bioimaging
Regular meetings are held with several leading researchers in the
bioimaging field in Japan to formulate advice on imaging research.

3)Holding of the Bioimaging Forum This Forum provides an
opportunity for researchers in the NIBB, members of the Advisory
Committee, and company engineers to frankly discuss practical
difficulties and needs regarding imaging.

4)Introduction of SPIM (Selective Plane Illumination
Microscopy) As part of collaborative work with the EMBL, the NIBB
introduces SPIM, which is effective for the three-dimensional
observation of living samples, first in Japan.

5)Holding of the Bioimaging Symposium This Symposium
provides an opportunity for academic exchanges with overseas
cutting-edge researchers in the imaging field, mainly from the EMBL.

Participants of symposium and a poster

Okazaki Biology Conferences

The NIBB holds Okazaki Biology Conferences (OBC) that, under the
endorsement of the Union of Japanese Societies for Biological Science,
support the formation of international communities in future biological
research fields with the goal of identifying new research issues in biology.
Dozens of top-level researchers from Japan and abroad spend about one
week together in exhaustive discussions seeking strategies for addressing
future critical issues in biology. The past conferences have promoted the
formation of international researcher communities.

I B
Past OBCs
OBC1 The Biology of Extinction Jan. 2004
OBC2 Terra Microbiology Sep. 2004
OBC3 The Biology of Extinction 2 Mar. 2006
OBC4 Terra Microbiology 2 Sep. 2006
OBC5 Speciation and Adaptation Mar. 2007
- 4

Poster session (OBC2)

General Discussion (OBC5)



“Cultivation of future researchers in biology”

[ Admission of graduate students: SOKENDAI and other universities )

As a center of biological research in Japan, the NIBB has cutting-edge
facilities and equipment. It also retains excellent faculty members who have
continuously produced outstanding creative research results; the number of
citations of their published papers is at the top level in Japan and in the
world. The NIBB offers advanced graduate education in this excellent
research environment with the goal of cultivating future leaders in biology.

Education of graduate students in NIBB

Admission of graduate students

One way to enter the NIBB is to enroll in the Department of Basic Biology in

the School of Life Science of the Graduate University for Advanced Studies
(SOKENDAI), which is affiliated with the NIBB. Another way for graduate
students already enrolled in the graduate schools of other universities is to
become a "special research student” under collaborative research projects.
To become a special research student, graduate students must apply for
enroliment in the NIBB and undergo an assessment each year. In both
cases above, graduate students can live an academic life and receive
financial support from the NIBB based on the research assistant (RA)
system in the same way.

number

80
70 —
60 — 23 2
50 I e a4 20
w0l— 3

43 e

&: 1185+
10 — 1
) - - - - -
2000 2001 2002 2003 2004 2005 2008 yeer

O Department of Basic Biology B School of Advanced Science (educated in NIBB) O Special research student

Graduate students educated by NIBB

About SOKENDAI

SOKENDAI was established in 1988 as a university without undergraduate
courses that provides graduate education with a view to the comprehensive
development of basic academic fields. It has headquarters in Hayama,
Kanagawa Prefecture, offering graduate education with students separately
assigned to 18 Inter-University Research Institutes (national institutes). Its
School of Life Science consists of three departments: Department of Basic
Biology, Department of Physiological Sciences (National Institute for
Physiological Sciences in Okazaki, Aichi Prefecture), and Department of
Genetics (National Institute of Genetics in Mishima, Shizuoka Prefecture).

The Department of Basic Biology provides advanced research training courses
in which fundamental and advanced biological phenomena related to plants and
animals are analyzed at the molecular level. There are two courses available: a
three-year doctoral course for graduate students with master's degrees and a
five-year course for university graduates. For both courses, students are
admitted in April and October every year.

A “joint seminar” is held
| every year for students
and faculty members in
the School of Life Science
to gather and present
research results.

Graduate education with a high ratio of staff to students

In most universities, the number of faculty
members is small in relation to that of
graduate students (approximately 0.16 per
graduate student for national universities). In
contrast, SOKENDAI has a significantly
higher ratio of faculty members to graduate
students (approximately 1.8 per graduate
student); there is no concern about lack of -
student mentoring. Currently, the Department !N “Life Sclence Progress Report’
of Basic Biology has 42 SOKENDAI SIUGENS  resssor, aoten et in con cosna
and 55 faculty members, providing the ideal advice from many faculty members.
"one-to-one" education.

High-quality seminars

The NIBB holds many seminars with
external distinguished guests as lecturers. It
also hosts conferences, most of which
students in the NIBB can attend. These
seminars and conferences offer good
opportunities for future researchers to widen
their vision.

Exchange seminar with graduate
students in the EMBL (European
Molecular Biology Laboratory) as part
of collaborative work with the EMBL

High rate of students becoming researchers

The Department of Basic Biology is engaged in the cultivation of advanced
researchers. In the last five years, approximately 80 % of those who finished the
courses became researchers, including associate professors and postdoctoral
researchers.

How to enroll in SOKENDAI

Detailed information is available at “Graduate School” in the homepage of the
NIBB. In addition, four admission information sessions are held in Tokyo, Osaka,
Okazaki, etc. every year. An open laboratory program is also available, which
allows students to experience actual academic life in the NIBB (a support system
for transportation and accommodation costs is available).



“Promotion of cutting-edge biological research”

[ Academic Research

The NIBB is organized as follows for conducting cutting-edge biological research. The details of its research activities are given

in the following pages.

| Cell Biology
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Living unit: the cell

All organisms are made up of a basic unit called the cell. Within each cell there are various small organs known as
organelles. Organelles change their form and function dynamically and the life of a cell depends on the integrative
function of the organelles. We are attempting to elucidate the mechanism behind the dynamic changes of cells.

Functional change of organelles
Division of cell mechanisms

Peroxisomes ER and ER bodies

An immotile cilium

of a cell
Laboratory of cell structure

Peroxisomes and ER network (arrows) with ER bodies (arrowheads) of an Arabidopsis cell visualized

by a green fluorescent protein Bar: 10 um

The functions of organelles change significantly during the growth of a plant.
Peroxisomes are organelles of approximately 1 pm in size. When a plant seed
germinates, peroxisomes change the stored fat into energy, but when the plant is
exposed to light, peroxisomes change their function and assist the subsequent
photosynthesis. A plant will show poor growth when the functions of the peroxisomes
are impaired. The endoplasmic reticulum (ER), on the other hand, is a network-
shaped organelle where the protein synthesis occurs. If the plant is attacked by
insects, a special form of the ER called the ER body is formed where an insect
repelling substance is stored. We are endeavoring to elucidate the living strategies of
plants by studying the dynamic functional changes of organelles.

Cells isolated from mouse kidney and
cultured in a petri dish. The nucleus
is stained in blue and the cilia in green.

The flagellum of the sperm and the
cilla of the bronchus are motile.
There are, however, immotile cilia in
our body. When cells are cultured
in a petri dish for a long period,
cilia start to grow on the cell. This is
because the tubulin, a protein
needed in the mitosis, is of no

further use when the cell ceases
proliferation and the cell recycles
the tubulin to form the cilium. The
cilium thus formed is immotile, in
contrast to the flagellum or the cilia
of the bronchus. In most cases, a
cilium stems from the centrosome,
but the figure above shows a case
wherein two cilia grow on a cell.
The length of the cilium varies from
cell to cell; the cell in the figure
shows long cilia. We are interested
in the function of these immotile
cilia.

The recycling system of cells studied using yeast
Division of molecular cell biology

The external and Internal
structure of yeast observed
using electron microscopes
(provided by emeritus professor
Masako Osumi of the Japan
Women's University) Bar: 1 pm

Yeast is a microbe with which we have had a long acquaintance through the fermentation processes in the manufacture of bread, wine, etc. The simple appearance
of yeast is deceptive. An electron microscope will reveal that there are intricate structures called organelles within yeast cells (Figure). The yeast cell therefore shares
a common basic structure with the cells of animals and plants, Thanks to the applicability of genetic and molecular biological techniques, yeast is used as a model
cell in a vast amount of scientific studies and has contributed extensively in solving some of the mysteries underlying the basic living processes of plants and
animals. Our division uses yeast to clarify the mechanisms of autophagy, which are the degradation and recycling processes of the intracellular proteins and
organelles.



Can the chloroplast move?
Division of photobiology

Plants transform light into the energy necessary for the plant's life
processes using photosynthesis, which proceeds through the function
of the green-colored chlorophyl within the chloroplasts of the plant's
cells. The chloroplasts move within the cell according to existing light
conditions, gathering at locations illuminated with weak light in order
to fully utilize it (accumulation response) and avoiding areas
illuminated with strong light to avoid damage (avoidance response).
We termed these reactions chloroplast photorelocation movements.
We are studying the significance and the mechanism of chloroplast
movement, The green color of a leaf is made possible by the
chloroplasts within the leaf’s cells. We can manipulate a leaf’s color to
a dark green by shedding a weak light on the leaf to trigger the
accumulation response or, alternately, we can change a leaf's color to
a light green by shedding a strong light in order to make the
chloroplasts escape from the leaf's surface. The movement of the
chloroplasts within the cell becomes evident to the naked eye (figure).

A leaf showing a Chinese character meaning “light’ by
the avoidance response

The tie between
mother and child
Laboratory of cell sociology

v

The mouse embryo (left) and the placenta (right, dark pink). The light pink membrane
surrounding the placenta (the decidua) is the tissue derived from mother and
surrounds the entire embryo and the placenta when intact.

All animals except mammals start eating food immediately after
they hatch. Mammals have little nourishment within the egg and, as
soon as they are hatched in the early stages of the formation of the
body, mammalian embryos become parasitic to the maternal body
in order to intake the nourishment necessary for continued growth.
The placenta is an organ through which the embryo receives
nourishment and oxygen from the mother and returns wastes and
carbon dioxide back to the maternal body. As a necessary
consequence of their parasitic growth process, mammalian children
continue to receive nourishment from their mothers in the form of
breast milk. The placenta is an organ made up of the cells of the
embryo, but its organogenesis is considered to be heavily
dependent on the interaction with the mother-derived cells. Our
laboratory studies the cellular interaction between mother and child.

.- Light sensing of the microbes
Laboratory of photoenvironmental biology

The euglena senses the light not by the stigma (the brown dots in the left figure) but by the
paraflagellar body (the green dots in the right figure).

The euglena (figure) is a kind of plant plankton. In order to raise the efficiency of
the photosynthesis that they require to live, euglena gather where light is
available and escape from light that is too strong. To elucidate the mechanisms
of light sense, we analyzed the paraflagellar body, which is a light-sensing
organ, and found that the photoactivated adenylate cyclase (PAC) is the light-
sensing molecule. PAC senses blue light and produce a signaling molecule
called the cyclic AMP. This finding is not only crucial in understanding the light
controlling mechanisms of the flagellum movement of the euglena but is also
applicable to cytotechnological methods, such as controlling the nerve activity of
various animal tissues using light signals.



Living organisms, both animals and plants, have various shapes that differ from species to species. How are living
things formed? We are endeavoring to discover the mechanisms of morphogenesis by searching for the genes
controlling shape formation and studying their function as well as by analyzing morphogenetic processes using
mathematical models.

From a round shaped
egg to an adult body

Division of morphogenesis

How the right and the left sides
of the body are determined
Laboratory for spatiotemporal regulations

The heart is on the left-hand side and the
liver and the gall bladder are on the right-
hand side of the body. Why is this so? Why
doesn't the body have a mirrored or a
symmetrical plan? We are studying the
mechanisms behind the body's left-right
asymmetry. Experiments using mouse
embryos have achieved interesting results. In
the course of body formation from a fertilized
egg, tiny hairs of approximately one two
hundredth of a millimeter in length grow on a
specific area of the body surface. The
movements of these hairs rotate the
:;::Tg‘;’:::;:gg;‘;’gﬁ::‘m;i}%@mme surrounding fluid, causing the flow from the
right to the left-hand side of the body. When
the flow is artificially reversed, there arises an
embryo with a mirrored body plan. We are
now studying what this flow actually does.

The notochord cells of the African clawed toad (Xenopus). Cells
labeled with red fluorescence and those with green mix by
sliding by each other.

Most animal eggs begin as a spherical-shaped cell.
After fertilization, as the cell number increases, the
embryo gradually changes its shape, elongating from
a sphere to an oblong from head to tail. In a frog
embryo, for example, it is known that the movement
and modification of cells in the notochord are
important to the elongation process. How are the cells
of the notochord formed? How do the cells know which
way to move? We are trying to clarify the molecular
and genetical mechanisms of morphogenesis using
frogs, ascidians, and fruit flies. The results of such
studies are expected to contribute to the analysis of
human inherent malformations.

A mechanism for selecting
reproductive cells
Division of developmental genetics

From eggs to a baby

Division of molecular and developmental biology

An animal’s body is formed by the
continual cell divisions of a single st 10
fertilized egg. An uncontrolled
repetition of this cell division, however,
would not result in the formation of the
body shape. A program controlling the

Fly eggs. Cells colored green (left figures) and brown (right figures) later
become reproductive cells.

Reproductive cells have one of the essential abilities of a

A zebrafish embryo 16 hours after
fertilization

morphogenetic processes is at work.
Recently, the program has been found
to be comprised of the working of
various genes. We are attempting to
elucidate the mechanisms of the
formation of the body shape of

vertebrates, including humans, by understanding the function of the
genes. We use small fish, such as the zebrafish, and the mouse as
model organisms for the functional studies of genes.

living organism: the ability to give rise to the next generation
of life. In the process of embryonic development, the fertilized
egg continually divides and many cells appear. A tiny number
of them are selected as reproductive cells, while the rest of
the cells become somatic cells, forming the body. Using fruit
flies (Drosophila), we are studying the mechanisms
responsible for selecting these important reproductive cells.
We have clarified that a gene called nanos and the
mitochondria are both important in this process.



Genes controlling the shape of a leaf
Division of plant developmental genetics
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The effect of each gene on leaf shape

The appearance of a plant is greatly affected by the shape and the size of its
leaves. A plant's flower is also considered to be a special accumulation of its leaves.
Using a plant called the Arabidopsis, we are studying which genes control the
shape and the size of the leaves and how they work. We have found that the length
and the width of a leaf are independently controlled and we have succeeded in
isolating some of the genes controlling each dimension. In a natural environment,
there evolve various leaf shapes and these shapes vary greatly according to
changes in the environment. We are studying how these phenomena are linked to
the functions of the plant's genes.

/"’; N \
bl Division of theoretical biology

Computer simulations of the formation of various biological patterns.

Mechanisms forming the shape
of the plant

Laboratory of Plant Organ Development

A plant embryo growing in the seed. The upper part with a Y shape becomes the
cotyledon, while the bottom part becomes the embryonic stem and the root. Cells
becoming the back surface of the cotyledon are made to show a yellow
fluorescence. The purple dots are the chloroplasts.

Leaves, flowers and roots show impressive, symmetrical shapes and

the tissues and cells within bear an ordered and beautiful
arrangement. The organs of a plant are formed by a group of
undifferentiated cells at the tip of the stem or the root. This process
does not result in an ordered cell arrangement or a symmetrical
shape without the minute control of cell divisions. The plant cells are
believed to exchange information with each other, thus determining
the timing and the direction of cell divisions. We are trying to
understand the mechanisms of the informational exchange between
cells working during the organogenesis of the plant.

Analyzing biological phenomena using mathematics

How does the information inscribed in
the genome evolve into the highly
regulated behavior of organisms found in
morphogenesis during development or in
flexible adaptation to the environment?
We investigate this question through the
integration of essential elements of
biological information using computer
calculations and mathematical models.
The figures on the left show regular
shapes found in the bacterial colonies
and on the body surface of a fish. Using
mathematical models, such ordered
shapes can be reproduced (as shown on
the right) and can be analyzed to reveal
the underlying conditions.



Living organisms inherit life from one generation to the next by passing on genetic information. The formation of two
sexes, male and female, and thus the formation of the sperm and the egg, is indispensable to this process. We are
studying the mechanisms determining sex, the mechanisms producing sperms and eggs, and the environmental
factors capable of disturbing such mechanisms.

To know the mechanisms
of sex determination
Laboratory of molecular genetics for reproduction

The differentiation of male
and female in fish
Division of reproductive biology

Like humans, the
sex of a fish (male or
female) is determ-
ined by the combi-
nation of sex chromo-
somes resulting from
fertilization and, once
determined, does not
usually change for
the entire life of the

The sex, male or
female, of a human
individual is deter-
mined at fertilization.
However, it is possible
to find organisms who-
se sex is determined
by temperature, orga-
nisms whose sex chan-
ges in the middle of

individual.  Some _— . $ad their life, or even her-

tropical fish living in ; ; & maphrodite organisms

coral reefs, however, bearing both ovaries (Top) A medaka showing sex transformation, hotei. Though the fish is
) The transformed XX male fish after introducing the DMY gene ) male, ovaries fill the expanded body (Bottom). The mutation on the

can change their sex (pottom). The body color is white like the female, while the and testes. This seems  gene indicated by a red arrow on the genome is known to cause the

several times during shape of the tall fin is male-shaped and it has testes. to indicate that what is  sex transformation.

their lifetime. Our division studies the mechanisms of the original determination important for living organisms is to form the ovaries and testes, each producing the

and the subsequent sex change using various types of fish. We have recently eggs and sperms necessary for reproduction, according to environmental cues and
discovered a male determining gene (DMY) on the Y chromosome of the that the mechanisms giving rise to males and females is of little importance. We are
medaka fish. When a genetically female egg bearing two X chromosomes is analyzing the genetic and cellular mechanisms of sex differentiation and sex
transformed using the DMY gene, the embryo grows to become a male fish transformation using medaka as model organisms and by visualizing specific gene
producing normal sperms capable of fertilization. The DMY gene is the second products and cells. We have also isolated medaka mutants showing sex transformation
sex-determining gene found in the vertebrates. and are analyzing the mechanisms.

Sex hormones and environmental
hormones 0

Division of molecular environmental endocrinology

Mechanisms determining the
sex of an individual animal
Division for sex differentiation

Various artificial chemical substances such as
PCB, dioxins, agricultural chemicals, and the raw
materials of the plastic industries are continually
released into the environment. Among these
substances, those showing an effect similar to
sex hormones or those inhibiting the effects of
sex hormones are known as the environmental
hormones. Using mammals, reptiles, amphibians,
and fish, our group studies the effect of intrinsic

Gonads (testes and ova-
ries) are the most important
organs in determining the
sex of an animal. In most
male mammals, the testes
develop during the fetal
period and start production
of male hormones; subse-
quently, the construction of

sex hormones and the environmental hormones the e i sckion<ciSihe sex differences in other parts
process o e tissue construc P
Hor.:umones and chemical substances affecting on the development of eggs and on adults. We testes of a mouse embryo of the body begins. The
various organs. are trying to understand the interactions between photograph shows the testis
living organisms and the environment with a hope that the resulting knowledge will be useful of a mouse fetus; the green cells are the Leydig cells producing male
in proposing how we can maintain a satisfactory environmental condition. hormones. The rings in pink are seminiferous tubules within which are
located primordial germ cells which will differentiate into sperms later. In the
: ovary of a female at the same stage, there are no such developed structures
The sex as the basis " i o -
: - of social behaviors y ‘
b Division of behavioral biology

Many of the social behaviors of mammals are sex-dependent. The difference between male and female genomes is located
on the sex chromosome. Most of the genes related to the realization of sex differences are, in contrast, located on the
autosomes, which are common between males and females. Thus, normal social behavior is formed by fixing and maintaining
the positions of switches on the switchboard, i.e. the genome. Our laboratory utilizes the methylation of DNA as an indicator of

m such switches and studies the male-female specificity of regions of the brain important in determining behaviors in order to
A ZEEEE . clarify the relationship between the brain condition and the rearing environment or between the brain and the internal hormonal

‘t-“v

# noncoding RNA

- — =y environment.
T
L Inactivation of the gene expression by DNA methylation



The brain and the nervous system act as the control tower of an animal, enabling animal functions such as the
regulation of the internal environment, the control of feeding behaviors, the sensation of external environment,
memory and learning, and behaviors for escaping from enemies and communicating with friends. It is indispensable
to investigate the formation and the function of the brain in order to elucidate the living mechanisms of animals.

How the brain is formed
and how it works
Division of molecular neurobiology

Dehydration of the
body causes a
rise in the sodium
fon concentration
of the body fluid.
The animal be-
comes thirsty and
drinks water, avoid-
ing salty water.
We have clarified
he sodium sens-
ing mechanisms in
he brain that
control such drink-
ing behaviors.

The brain receives various types of information about the external world through sense
organs such as the eyes and the ears and instructs the individual concerning the right
behavior through the processing and the recognition of that information. The brain is
also continually monitoring internal conditions such as blood pressure and blood sugar
levels, thereby controlling feeding and excretion behaviors. These brain functions are
possible only through the function of the correct and appropriate wiring of the nervous
circuit formed during the embryonic development process. We are studying the
mechanism of the formation of the visual system as an example of how the brain is
formed and the mechanism controlling the homeostasis of the body fluid and the
control mechanism of neurotransmission as examples of how the brain works.

Learning brain, evolving brain
Division of brain biology

Modified from Komatsu et al.:
Cerebral Cortex (2004)
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The genes each expressed in the association area (left) and the visual
cortex (right) of the monkey brain.

There remain various mysteries within our brain. What is
happening in the brain when we become skilled in a new
sport or when we leamn something new? How similar and how
different are the brains of various animals, such as monkeys
and mice? In order to answer these questions, we focused on
the gene and are studying how individual cells building the
brain are combined and how they work using the methods of
molecular biology and histology. "To visualize the brain and to
analyze its function using the gene" is what we are attempting
to do, and we expect to get a glimpse of a new aspect of the
brain and its functions that has heretofore eluded scientists.

How the brain senses salt
Laboratory of neurophysiology

Salt (sodium ion) is an indispensable
electrolyte for animals, yet its concentration
in the body fluid must be kept constant and
an excessive intake of salt is deleterious for
an animal. An animal, therefore, instinctively
avoids the intake of salt when the sodium
concentration of the body fluid rises.
Recent studies showed that the detection of
the sodium concentration of the body fluid

is done by the brain and that a specific
The sodium-sensing molecule : 3 3 :
existing in the brain (stained in Sodium-sensing molecule is responsible.
blue). Our laboratory studies the mechanism of
sensing the sodium ion concentration in the brain using mice and cultured
cells. This project is run in collaboration with the division of molecular
neurobiology.

To know the role of information
transferred by the nerve cells
Laboratory of neurochemistry

v

(A) Mice showing hypertrophy of the muscles (B) Mice showing changes
in the activity of the nervous system

In order to understand what information the nerve cells transfer and how
they do it during the body activity of an organism, we study the
neurotrasmitter substances that transfer information between nerve cells
and their recepter molecules. Dopamin, one of the neurotransmitter
substances, is related to the control of body movement, the regulation of
hormonal secretion, and the function of the mind. It is also believed to be
important in the causal analysis and the remedy of human dysfunction of the
nervous system. We utilize genetic manipulating techniques to produce
model mice which bear changes in the mechanisms of information transfer
through neurotransmitter substances so that we can observe the changes
appearing in the cells, tissues and individuals in the course of the
development into adults and study the role of the information transfer
therein.



Living organisms store a vast amount of genetic information compactly and transfer it from one cell to another and
from a parent to children. The information is accessed when necessary and used to orchestrate life activities. The
genetic information is, so to speak, a master plan of life. The study of its behavior is crucial in understanding the

essence of life.

Division of molecular genetics

Flowers of the morning glory and leaves of the rice with dappled or spotted pattems.

Catching a dynamic face
of the genome
Division of genome dynamics

Modification of E. cofl with a circular
genome (top) into one with a linear
genome (bottom).

The genetic information - the life plan - of living organisms is stored in the
organism's long, string-like substance known as DNA. The entire mass of
genetic information tidily stored in the cellular nuleus is called the genome.
The total length of the DNA of the human genome is as long as two meters.
The genome is not stored quietly; rather it is ceaselessly dynamic. To read
the plan, the DNA chain is incessantly unwound, cut and spliced within the
nucleus. The genome is exactly doubled when the cell divides. We are
studying the stability and the evolution of the genome in relation to diseases
and life span using yeast and E. coli. An artificial modification of the genome
is also one of our research targets.

Rewriting of genetic information and the movement of genes

The genetic information of living organisms is usually
copied exactly at the time of a cell division and
distributed to new cells. There are, however, cases where
the genetic information is rewritten in some cells or in
some individuals, which results in a modified activity for
some genes. Dappled or spotted patterns seen in some
plants, for example, are caused when the genes related
to the coloring are repeatedly rewritten. We are studying
how this rewriting of genes affects the activity of the
genes using familiar plants such as the morning glory
and rice. We have also developed a useful technology
which enables an artificial exchange of part of the DNA
on the rice chromosome.

The diversity of microbes explored

using the genome

Laboratory of genome informatics

..........

#

v‘u‘osiuuszls

PPy
= 8

31
WAEE O EE

A chart showing the result of an extensive analysis of how corresponding genes are
included in the genome of various microbial species.

Thanks to the decoding of the genome which has recently been done for
various living organisms, scientists have been able to better understand the
evolutional processes of different species by comparing the decoded
genomes. The genome analysis is meanwhile disclosing the true diversity of
microbes, which exist in limitless numbers in every part of the earth, including
in our bodies and our surroundings. Our laboratory is developing a method to
systematically compare the vast amount of diversified genome information of
the microbial genomes and explore the diversity of the genome and the motive
force which brought about this diversity using informatics.



The evolution of living organism

= 2

Organisms always evolve. Evolution can not be interrupted, and it resuts in the emergence of flowers and fish of
various shapes and colors, mosses with an unremarkable appearance, human beings, and countless other kinds of
organisms. Why, how and when do organisms evolve? We study the mechanisms of evolution with the hope of

discovering clues to our own past and future.

What caused evolution?
Division of evolutionary biology

.‘t

A key organism in the study of evolution, Physcomitrefla. (The entire genome was
decoded by NIBB and others)

Living things evolve. The ancestor of humanity was a creature resembling

mold that existed about one billion years ago. What changes, then, caused
the evolution? Changes in the genes. What kind of changes on which genes,
then, can cause evolution? In order to answer this question, we must ask
others, such as: How did plant cells and animal cells evolve differently?
What changes were necessary for the evolution from a unicellular organism
to a multicellular one? How did the stems, leaves and flowers of plants
evolve? How did flowers of various shapes evolve? What caused species
differentiation in plants? Why is it that plants can easily regenerate? These
are some of the questions we ask in our laboratory. Through the analyses of
heretofore insolvable questions of evolutional biology with molecular
methodologies, we are attempting to establish a new paradigm for
understanding evolution.

Laboratory of morphodiversity

in butterflies.

A cross section of the pupal wing. The round shaped part on the
left is where the cell deaths are occurring.

Comparative genome analyses
and development of

®s. bioresources using fish
Laboratory of bioresource
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Various medaka strains supplied by our laboratory.

We have studied the evolution of the genome through comparative genome

analyses and exploited a bioresource using medaka fish. We decided the
entire sequence of the medaka genome and analysed many genes,
clarifying the whole genome structure of medaka. In order to enhance the
use of medaka as a research model organism, we are exploiting the
genome resource of medaka-related species, anticipating its use in an
extensive comparison of medaka gene transcripts and in an evolutional
study comparing related species. NIBB was selected as the resource center
for medaka in the National BioResource Project in 2007, and the supply of
various genetic resource is managed by us.

Mechanisms creating the diversity of the shape of butterfly wings

The wings of butterflies and moths have a different shape unique
to each species. The wings just after puparization, however, have
a smooth outline common to most species. A contour line appears
with the shape of the adult wing just after this stage and the deaths
of cells outside of this line bring about the shape of the adult
wings. A similar kind of 'programmed cell death' is also seen in the
process of finger formation in human embryos. We study the
mechanisms determining the position and the shape of the contour
line as an example of the mechanisms enabling the diversity seen




Research support facilities

To efficiently conduct research activities, the NIBB has its own faciliies and shares research facilities with the
National Institute for Physiological Sciences and the Institute for Molecular Science in Okazaki. There are facilities for
the controlled cultivation, growth, and breeding of living samples for experiments and research activities, mid/large-
scale equipment for measurement and data analysis, radioisotope (RI) facilities, and advanced analysis systems.

An artificial rainbow to
study biological phenomena
Research Support Facilities (The Large Spectrograph Laboratory)

The interior of
the large
spectrograph
laboratory

The Earth had been heavily exposed to ultraviolet radiation since life began.
Primitive life forms developed ultraviolet sensitivity that enabled them to
avoid exposure to ultraviolet radiation; it is supposed that this ultraviolet
sensitivity evolved into the light sensitivities of contemporary organisms. For
example, plants sense blue, red, and dark red light while animals sense a
range of colors with a peak in green. An evolutionary connection between
microbes, plants and animals is suggested by the similarity of their existing
light-sensing abilities. The Large Spectrograph Laboratory makes the world's
largest artificial rainbows to study light sensitivity and investigate the
mechanisms of the beneficial and harmful effects of light.

Computer-based genome exploration
Research Support Facilities (Computer Laboratory)

NIBB
Biological
Information
Analysis
System
The Computer Laboratory supports research activities using high-speed large-
capacity computers. Building gene and protein sequence databases, it supports
research mainly in terms of sequence analysis, expression data analysis, and
imaging analysis. It has also developed analysis programs and programs for
database publication via the Web to distribute the results of gene analysis for
model organisms worldwide. In addition to computer-based analysis, the
Computer Laboratory supports the NIBB's information-sharing infrastructure
through the maintenance of an ultra high-speed network system,
computer/network-related consultation, and introduction of new services.

Laboratory for the cultivation of animal tissues and cells.

The NIBB's research support facilities further include the Plant Culture Laboratory for the controlled growth of plants for experiments and the Tissue and Cell Culture

Development and analysis
of transgenic organisms
Center for Transgenic Animals and Plants

To understand
the mechanisms
of living orga-
nisms, studies
require focusing
on each gene in
the design of life
(genome). The
use of model
animals, such as
mice, Medaka

Model organisms used in
biological research

Studying living mechanisms
with radioisotopes
Center for Radioisotope Facilities

Equipment that makes advanced
research possible
Center for Analytical Instruments

Staff operating analytical instruments

(Oryzias latipes), zebrafish, and chickens,
makes it possible to produce genetically
controlled (transgenic) organisms with markers
placed by genetic and cell engineering
technology. Such marking allows detailed
studies of genes and cell functions. The model
animals mature in a short period of time;
therefore, changes in cells, organs, and
individuals can be totally and efficiently
observed. The Center for Transgenic Animals
and Plants has equipment, facilities, and staff to
maintain such organisms safely, efficiently, and
appropriately.

Radiolsotope experiment and control (inset)

Biological studies for the analysis of genetic
functions and protein characteristics often
require locating substances in living organisms.
The Center for Radioisotope Facilities is a facility
that uses materials emitting radiation, or
radioisotopes, to investigate the material
behavior; thus, the Center strictly controls
radioisotopes to ensure safe handling.

The Center for Analytical Instruments provides he analytical
instruments that are required to conduct research in biology and
physiology. About 60 different types of equipment and 100
individual units are available. They are used in 2 wide range of
research: protein and genetic analysis, separation, purification,
identification, and structural analysis of physiologically active
substances, and imaging analysis of living organisms. The
analytical instruments are methodologically categorized as below,
and the staff is responsible for the maintenance and management
of the instruments and conducting requested measurements.

1. Protein/genetic analysis systems

2. Analytical ultracentrifuges 3. Physicochemical analysis systems

4. Spectrophotometers 5. Microscopes and imaging analyzers




Outline of the NIBB

Location of the NIBB

Laboratories of NIBB are located both in Myodaiji and Yamate areas.

Members in the NIBB (as of 1st April 2007) Financial configuration of the NIBB
(settled for April 2006 - March 2007)

Donation 45 numbers are in million yen

Professor
Director-General | (lncl adjunct) |8

Technical Assoaate Professor (incl. adj) |5

Assistant

and
Secretary Assistant Professor Extefpal Management |
nses grant |

| Fund expa
912 y/ 1,248 The NIBB acquires numerous
2 competitive funds in an effort made by
i A~ individual researchers, Including
: Grants-in-Aid for Scientific Research
51 Post doctoral fellow _Facilities and Grants for Commissioned
- maintenance Research, in addition to national
Graduate Student grant 3.3 / — subsidies (Management Expenses

Selfincome 31 Expenses it Grants and Expenses Grants for
SOKENDAI).
for SOKENDAI 55 )

Open house and public relations

Open house of the NIBB : : ow "

and other Institutes Public relations magazine "OKAZAKI

Each year, one of the three Institutes in Okazaki Apublie relatfoyrs maRzine 8 putishad i 7 recefu
research activities and events hosted by the three Institutes in

opens to the public in the fall. They welcome the o ARG A 3 §

Okazaki. This publication ntly onl! ilable in Japanese.
public with a variety of events, such as introductions o Ty S n

You can download the issues in PDF format

of research contents, exhibitions of research  from the NIBB homepage (http:/www.nibb.ac.jp/okazaki/).

materials and equipment, lectures, etc. The next

NIBB open house will be in 2010. NINS symposia
The five Institutes of NINS semiannually host symposia in the spring and the fall in Tokyo to introduce
the latest achievements of research in natural science. Please visit the homepage of each Institute for
details.




From Tokyo

Take Tokaido Shinkansen and get off at Toyohashi, change to
the Meitetsu Line and get off at Higashi Okazaki Station
(approximately 20 minutes from Toyohashi).

From Osaka

Take Tokaido Shinkansen and get off at Nagoya, change to
the Meitetsu Line and get off at Higashi Okazaki Station
(approximately 30 minutes from Nagoya).

From Central Japan International Airport

Get on the Meitetsu bus bound for JR Okazaki Station and

get off at Higashi Okazaki Station

(approximately one hour from the airport). Alternatively,

take the Meitetsu Line for Nagoya and change at Jingu-mae Station to
a Toyohashi-bound train and get off at Higashi Okazaki Station
(approximately 70 minutes from the airport).

From Higashi Okazaki Station to Each Area

Turn left (south) at the ticket barrier and exit the station.
The Institute is a 7-minute walk up the hill
(Myodaiji-area) or 20-minute walk (Yamate-area).

i, Aichi 444-8585 Japan
4-53-7400

By car

Take the Tomei Expressway to the Okazaki Exit.
Tumn left at the City Office S.E. signal
(approximately 10 minutes from the Exit).

Department, NIBB
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