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Germ cells, the progenitors of gametes, are the only
type of cell that transmits genetic information through
fertilization. Thus, they play unique and central roles in
heredity and evolution. Germ cells also arise via a devel-
opmental program that differs from that of somatic cell
lineages. In many animal species, including Drosophila
and Xenopus, germline formation is controlled by mater-
nally inherited RNAs and proteins localized to a special-
ized form of cytoplasm in eggs, called the germ plasm.
Germ plasm mRNAs are translated in a spatio-temporally
regulated manner. However, the mechanisms by which
germ plasm is assembled and controls germline develop-
ment remain largely elusive. We are studying the mech-
anisms underlying germline development using Drosophila
as a model system. In addition, we have started investi-
gations into germline development in an ascidian, Ciona
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intestinalis, a member of the chordate lineage, from which
all vertebrates arose.

We have isolated a maternal-effect mutant, named N1/
that affects pole cell development. Embryos from N1/
mutant mothers (hereafter called N1/™~ embryos) form
normal numbers of pole cells. However, in subsequent em-
bryogenesis, pole cells begin to die, and few or no pole cells
are incorporated into the gonads. No discernible morpho-
logical defect in the somatic cell development is observed
in N1/™~ embryos, and they develop into sterile adults
at high frequency (> 80%). All of these phenotypes ap-
peared to be very similar to those in pgc™ embryos. How-
ever, detailed examinations of N1/™~ embryos have led
us to conclude that N14 is a novel class of maternal-effect
mutations that affect pole cell survival. For example, the
pole cell death in N14™~ embryos, unlike that in pgc™
embryos, occurs in a caspase-3-independent manner, and,
unlike in pgc™ pole cells, global transcriptional regulation
remains intact in early N14™ pole cells.

We have identified N1/ as an allele of wunen2 (wun2),
which encodes lipid phosphate phosphatase (LPP). LPP
is an integral membrane protein that promotes the up-
take and dephosphorylation of extracellular lipid phos-
phate substrates. LPP can dephosphorylate a variety of
lipid phosphates in wvitro, such as sphingosine 1-phosphate,
ceramide 1-phosphate, lysophosphatidic acid and phospha-
tidic acid, generating bioactive lipids such as sphingosine,
ceramide and diacylglycerol. We found that pole cells were
highly enriched in maternal wun2 mRNA, and that the
pole-cell death in N14™~ embryos was rescued by the pole
cell-specific expression of wun2 in embryogenesis. Thus, it
seems likely that the maternally supplied Wun2 is required
cell-autonomously in pole cells for their survival. Interest-
ingly, it has been reported that Wun2 and its homolog Wun
are expressed zygotically in somatic cells to provide a re-
pulsive environment to steer the migration of pole cells.
Furthermore, it has also been reported that overexpres-
sion of either Wun or Wun2 in somatic cells causes pole
cell death. This latter phenotype is very similar to that
observed in maternal wun2 mutant embryos. We obtained
genetic evidence that pole cell survival requires a proper
balance between LPP activity in pole cells and somatic
cells.

Given that Wun and Wun2 are likely to function as
ecto-enzymes, it may be that the same extracellular lipid
phosphate is dephosphorylated by Wun2 in pole cells and
both Wun and Wun2 in somatic cells. Thus, we propose
that Wun2 in pole cells competes with Wun and Wun2
in somatic cells for the uptake and dephosphorylation of a
lipid phosphate substrate, which is required by pole cells to
produce a survival signal. An extracellular substrate might
direct somatic cells to produce a repellant molecule, while
directing pole cells to produce a distinct survival signal.
However, we feel it is also conceivable that the activity
of Wun and Wun2 in somatic cells provides a repulsive
environment for pole cell migration simply by depleting a
substrate required for pole cell survival.

Research Subjects

1. Mechanisms underlying the assembly of germ plasm

2. Roles of germ plasm components in germ cell devel-
opment

3. Inter-species similarities and differences in germ cell
formation

1461



Staff

Team Leader
Dr. Akira NAKAMURA

Research Scientists
Dr. Kazuko HANYU-NAKAMURA
Dr. Keiji SATO
Dr. Maki SHIRAE-KURABAYASHI
Dr. Tsubasa TANAKA

Technical Staff
Ms. Chiaki NAKAMOTO
Ms. Hiroko SONOBE
Ms. Akie TANIGAWA

% Lt % ZF Publications
(a6
(B *FNIATHIED S % i
Hanyu-Nakamura K., Kobayashi S., and Nakamura A.:
“Germ cell-autonomous Wunen? is required for germline
development in Drosophila embryos”, Development 131,
4545-4553 (2004). *

0 ®
(1P 2275)

% FE Oral Presentations

1462

Nakamura A., Sato K., and Hanyu-Nakamura K.: “Cup
binds to elF4E and regulates oskar mRNA translation
in Drosophila oogenesis”, FASEB 2003 summer research
conf. on Intracellular RNA sorting, transport and local-
ization, Snowmass, USA, June (2003).

Sato K.,

“Drosophila Cup is an elF4E-binding protein that as-

Nakamura A., and Hanyu-Nakamura K.:
sociates with Bruno and regulates oskar mRNA transla-
tion in oogenesis”, RNA 2003 Kyoto on the New Frontier
of RNA Science, (The RNA Society of Japan), Kyoto,
Nov. (2003).

Hanyu-Nakamura K., Nakamura A., and Kobayashi S.:
“Requirement of the maternally-supplied phospholipid
phosphatase for germ cell development in Drosophila
embryos”, 45th Ann. Drosophila Research Conf., Wash-
ington DC, USA, Mar. (2004).

Nakamura A., Hanyu-Nakamura K., and Sonobe H.: “A
small polypeptide encoded by polar granule compo-
nent RNA is essential for germ cell development in
Drosophila embryos”, Cold Spring Harbor Lab. Meet.
on Germ Cells, Cold Spring Harbor, USA, Oct. (2004).

Hanyu-Nakamura K., Kobayashi S., and Nakamura A.:
“Germ cell-autonomous Wunen?2 is required for germline
development in Drosophila embryos”, Cold Spring Har-
bor Lab. Meet. on Germ Cells, Cold Spring Harbor,
USA, Oct. (2004).

PR 16 R



