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Germ cell is the only cell type that transmits
genetic information to the next generation. Germ
cells are therefore crucial for species preservation as
well as evolution. In many animal species, germ
cells are formed by the inheritance of a set of
specialized germ cell determinants localized in the
specific cytoplasmic region within the egg, called
the germ plasm. The germ plasm consists of a series
of maternal RNAs and proteins, forming large
ribonucleoprotein complex, called germ granules.
We are seeking to understand the mechanism by
which (1) the germ plasm is assembled during
oogenesis, and (2) how germ plasm factors induce
the germ cell fate. Although fly and human are
divergent in an evolutionarily viewpoint, similar
cellular mechanisms are known to operate during
development and organisms’ homeostatic
maintenance. Therefore, we believe that knowledge
obtained from fly research will provide important
information that should deepen our understanding
on human physiology and medicine.
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In many animal species, germ cell formation and
differentiation are controlled by maternally inherited
RNAs and proteins. These maternal factors often
localize in a particular region within the egg to
assemble a specialized cytoplasm, called the germ
plasm. Thus, the germ plasm represents a fascinating
and experimentally tractable example of a localized
determinant and cell polarity. To gain better insights
into the mechanisms by which the germ plasm is
assembled and controls germline development, our
lab uses Drosophila as a model system.

I. Roles of germ plasm components in germ cell
development.
One of the key activities in the germ plasm is to
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repress mRNA transcription during germ cell
formation. This is thought to be a mechanism that
ensures germ cell fate by preventing induction of the
somatic transcriptional program In many animal
embryos including Drosophila, C. elegans and
Xenopus, the repression of mRNA transcription
during germ cell specification correlates with an
absence of phosphorylation of Ser 2 residues in the
carboxyl-terminal domain (CTD) of RNA
polymerase Il (RNAPII), a critical modification for
transcriptional elongation. We found that polar
granule component (pgc) RNA, a germ plasm
component we identified, encodes a small 71-amino
acid protein that interferes with P-TEFb (positive
transcription elongation factor-b), the RNAPII CTD
Ser 2 kinase complex (Hanyu-Nakamura et al.,
Nature 2008). We conducted genetic and biochemical
analyses to elucidate the mechanisms of pgc-
mediated transcriptional repression, and its impact on
germ cell development. Germ cells lacking pgc fail
to maintain germ plasm mRNAs, including an
evolutionarily conserved germ cell survival factor,
nanos, and eventually die through apoptosis. We have
revealed the mechanism by which transcriptional
derepression in pgc germ cells causes destabilization
of germ plasm RNAs (MS submitted for publication).

2. Spatio-temporal regulation of RNA localization
and translation during germ plasm assembly.

In Drosophila, the germ plasm is assembled during
oogenesis, and is located at the posterior pole of the
egg. The assembly of the germ plasm is directed by
the localization and translation of oskar (osk) RNA at
the posterior pole of the oocycte. Translation of osk
RNA is tightly coupled with RNA localization, but
the underlying mechanisms have not yet been
elucidated. Furthermore, the mechanisms by which
Osk assembles and anchors the germ plasm at the
posterior cortex remain unknown.

RNA localization and translation are regulated by
the interplay between the target mRNA and trans-
acting proteins that form a ribonucleoprotein (RNP)
complex. The DEAD-box RNA-binding protein,
Me31B, has been identified as a component of osk
mRNA-containing maternal RNP granules and is
involved in the repression of osk translation during
early oogenesis. Consistent with the roles of maternal
RNP granules in osk regulation, the granules also
enrich in the elF4E-binding translational repressor,
Cup, and the osk 3' UTR-binding protein, Bruno
(Nakamura et al., Dev. Cell 2004). Intriguingly, many
proteins in the maternal RNP granules, including
Me31B, are known to accumulate in processing (P)
bodies in somatic cells and in neuronal RNA granules

in dendrites, suggesting a conserved architecture and
function among cytoplasmic RNPs (Nakamura et al.
Development 2001, Boag et al. Development 2005;
Barbee et al. Neuron 2006; Pradhan et al. J. Cell Sci.
2012; Kato and Nakamura Develop. Growth Differ.
2012).

We have identified additional proteins in Me3 1 B-
containing RNP granules. Elucidating their
molecular functions will deepen our understanding
the mechanisms by which RNA localization is
coupled with translational control.

3. New maternal factors involved in germ cell
formation and migration.

To identify additional maternal factors that are
involved in germ cell formation as well as germ cell
migration to the gonads in embryos, we conducted
genetic screen by inducing RNAi-mediated gene
knockdown during oogenesis. We also conducted
CRISPR-Cas9 mediated knockout screening for
candidate genes that might act in this process. We
chose uncharacterized genes whose transcripts are
reported to enrich in the germ plasm, and genes
whose transcriptome profiles are similar to those of
known germ plasm components. From these
approaches, we have identified several candidate
genes, of which absence causes defects in germ cell
formation and migration. We are currently
characterizing their functions in detail. We
particularly focus on a new gene, named tiny pole
plasm (tpp), which encodes a small 93-amino acid
protein. As tpp homologs exist in mammals, we
expect that its function in germ cell development may
be evolutionary conserved.

4. Roles of endocytic regulation in the oocyte
polarization and germ plasm assembly.
We performed a genetic screen to isolate mutants
defective in pole plasm assembly. The screen
recovered several genes that encode factors involved
in the endocytosis or vesicle trafficking. We have
focused on these factors and found that the endocytic
regulation in oocyte is required for the polarization of
microtubule arrays and F-actin remodeling in the
germ plasm assembly (Tanaka and Nakamura
Development 2008; Tanaka et al Development 2011;
Reviewed in Tanaka and Nakamura BioArchitecture
2011). We further found that the endocytosis of yolk
protein receptor is crucial for the cytoskeletal
regulation to polarize the oocyte and assemble the
germ plasm. Our data provide a paradigm by which
yolk uptake is not merely a process of nutrient
deposition for the embryonic development, but also
plays instructive roles in the oocyte polarization and

- 296 -



the germ plasm assembly. We expect to adapt our
Drosophila model to other species with the egg yolk.

5. The mechanism of endocytosis-mediated RNAi.
Double-stranded RNA (dsRNA)-mediated gene
silencing, termed RNA interference (RNAi), is a
fundamental mechanism of gene regulation in most
eukaryotes. This mechanism has great potential for
use in targeted cancer therapy or antiviral therapy. In
the RNAI induction mediated by the endocytosis of
dsRNA, endocytosed dsRNA is trafficked via
vesicle-mediated pathways, and ultimately released
into the cytoplasm where dsRNA leads to
degradation of targeted RNA. Although the
mechanisms by which RNAIi is induced in the
cytoplasm have been well studied, less is known
about steps of dsRNA processing within vesicles,
such as dsRNA uptake, vesicular trafficking of
dsRNA, and dsRNA release from vesicles into the
cytoplasm. We found that a lysosomal ion-exchanger
complex is required for the endocytosis-mediated
RNAI induction but its functional roles remain to be
determined. Our goal in this project is to understand
the molecular mechanisms underlying the
endocytosis-mediated RN A1 induction.
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