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Water Biology:
1. Development of the techniques for measuring water dynamics in the cells
2. Understanding of the function of blood-brain -barrier (BBB)
3.  Development of anti-AQP4 drugs for the treatment of brain edema and 

inflammatory brain disorders

　Seventy percent of our body is composed of water, and 
magnetic resonance imaging (MRI) has become widely 
applied in medicine because of the high water content in the 
human body. Water balance is dynamically and precisely 
regulated. The discovery of the water channel aquaporin 
(AQP) has made it possible to understand water dynamics 
at cellular and molecular levels. AQP plays important roles 
not only in epithelial fluid secretion and absorption, but also 
in cell volume regulation and cell migration. By proposing a 
new concept known as “Water Biology”, we have attempted 
to revisit human physiology and pathology from the aspect of 
water molecule dynamics in the body. 

　Water dynamics is related to most physiological and 
pathological phenomena, such as cell division, migration, 
differentiation, cell volume regulation, epithelial secretion and 
absorption, and tumor development. Research on aquaporin 
must therefore be expanded, and human physiology and 
pathology should be revisited from the aspect of water 
molecule dynamics. Consequently, we have proposed a new 
concept that we have named “Water Biology”. We hope that 
new technology for visualizing water molecules and computer 
modeling will facilitate our understanding of the roles of water 
in human physiology as well as pathology. 
　New methods are required to image water dynamics in living 

cells or tissues; such methods are now being developed. 
We have developed a useful method to measure diffusional 
water permeability at single cell level by using coherent 
anti-Stokes Raman scattering (CARS) microscopy with a 
quick perfusion device for H2O / D2O exchange (Ibata et al., 
Biophysical J. 2011). This method is enough accurate to 
distinguish aquaporin-mediated diffusional water permeability 
from simplediffusion through lipid bilayer, which is very useful 
to study hydrodynamics of a single mammalian cell and 
facilitates our understanding of regulation of aquaporins. We 
have also started to use Near-infrared spectroscopy may be a 
good approach to monitoring the water dynamics inside cells. 
Computer simulation also contributes to our understanding 
of water molecule behavior, especially the water dynamics 
occurring adjacent to biological membranes. Our molecular 
dynamics simulation on AQP1 revealed that mercury inbibits 
AQP1 by introducing the conformational changes in the pore 
region rather than a simple occlusion mechanism (Hirano et 
al., Biophysical J. 2010). 
　Brain edema is associated with several brain pathological 
conditions such as stroke, brain tumor, hydrocephalus, and 
traumatic injury and is also seen in systemic pathological 
conditions including hyponatremia, sepsis, meningitis, and 
childhood cerebral malaria. Brain edema results in elevated 
intracranial pressure, potentially leading to brain ischemia, 
herniation, and death. Treatments to reduce brain edema have 
not been significantly improved for more than 50 years, and 
the development of new treatment strategies is particularly 
important. The pattern of AQP4 distribution to perivascular 
astrocyte foot-processes predicts the involvement of AQP4 
in the development of brain edema. Indeed, a reduction in 
brain edema and an improved survival rate in AQP4-null mice, 
compared with wild-type mice, after water intoxication. AQP4 
was initially considered to be a mercury-insensitive AQP, 
since AQP4 does not have a cysteine residue at the position 
corresponding to Cys189 of AQP1. However, we showed 
that AQP4 is also inhibited by mercury when reconstituted 
into proteoliposomes in a manner that differs from that of 
AQP1 (Yukutake et al., Biol. of the Cell, 2008). In the case 
of AQP4, Cys178, which is located in intracellular loop D, is 
the target that responds to Hg2+. Interestingly, other metals, 
including silver and gold, also inhibit AQP4 via C178. Since 
C178 is located far from the pore constriction, Hg2+ or other 
metals binding to C178 may induce a conformational change 
in AQP4, resulting in channel inhibition. We also discovered 
that zinc rapidly and reversibly inhibits AQP4 (Yukutake, et 
al., Biochem. 2010). These findings provide the important 
information for the further development new drugs against 
AQP4 for the treatment of brain edema.

Research overview
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1989 年 3 月  慶應義塾大学医学部卒業。医師国家試験合格後、聖路加
国際病院・小児科レジデント

1991 年 4 月 同小児科チーフレジデント
1992 年 4 月  東京大学医科学研究所御子柴研究室客員研究員、東京女

子医科大学・母子総合医療センター　新生児室　助手
1993 年 2 月  スウェーデン王国カロリンスカ研究所大学院へ留学。

Doctor of Philosophy 取得（平成 9 年 4 月）
1997 年 9 月  米国ジョンズホプキンス大学・医学部ポスドクフェロー
2001 年12月 同小児科　生物化学科助教授
2006 年 3 月 慶應義塾大学医学部薬理学教室教授

Professor and Chair
Pharmacology
School of Medicine, Keio University

慶應義塾大学医学部
薬理学
教授
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安井　正人
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Screening of cellular signal transduction modulators from 
natural sources and molecular design
   Microbial and plant-derived bioactive metabolites are a 
treasury of organic compounds having various structures and 
biological activities. Penicillin, streptomycin, taxol, morphine, 
are all isolated from microorganisms or plants by screening 
studies. Screening study is not merely a routine work, but it 
contains most modern biology and chemistry (Fig. 1). 

Firstly, screening system for the useful medicine should be set 
up. It can be an enzyme assay or morphological assay. The 
system should be closely related to clinical medicine. Then, 
hit samples are obtained from microbial culture fi ltrate or plant 
extract by random screening. From the hit sample the active 
principle should be isolated and the structure determined. 
After the structure determination, the active compound may 
be chemically synthesized. Molecular design and synthesis 
may provide further improved compounds. These biologically 
active compounds obtained from nature are used for the 

mechanistic study of metabolism in physiological state and in 
diseases. When the chemical is effective in animals without 
toxicity, they may be developed into chemotherapeutic agents. 
We have previously isolated signal transduction inhibitors 
such as protein-tyrosine kinase inhibitors, protein-tyrosine 
phosphatase inhibitors, anti-Ras compounds, phospholipase 
C inhibitors, and pancreatic beta-cell  inducers from 
microorganisms and plants. Recently we are more interested 
in inhibitors of transcription factors that are involved in the 
etiology of diseases. We looked for NF-kappa B inhibitors 
from microorganisms and plants. As a result, we designed 
dehydroxymethylepoxyquinomicin (DHMEQ) based on the 
structure of epoxyquinomicin isolated from a microorganism as 
an inhibitor of NF-kappa B. DHMEQ showed anti-infl ammatory 
activity in animals on rheumatoid arthritis, renal infl ammation, 
retinal infl ammation, cachexia, and allograft rejection (Fig. 2). 
DHMEQ also strongly inhibited the growth of carcinoma and 
leukemia cells in vivo in which NF-kappa B is constitutively 
activated (Fig. 2). 

　I gave lectures on biochemistry to graduate students of 
Faculty of Science and Technology and students from Faculty 
of Medicine. I have promoted collaboration between Science 
Faculty and Medical School of Keio University. Also I created 

fruitful scientific relationships worldwide especially on the 
collaborative research of DHMEQ. 

　This G-COE program provides excellent international 
educational system for the graduate students. Financial 
support and foreign exchange program are sufficient and 
unique. Especially the dual degree promotion is unique and 
valuable. Moreover, this program makes collaboration easy 

between Faculty of Medicine and Faculty of Scence and 
Technology of Keio University. In fact, we are collaborating Drs 
Suematsu and Kabe on the target molecule analysis of our 
bioactive metabolites.

APPEAL OF G-COE

Screening of bioactive metabolites and application to mechanistic study 
of diseases

EDUCATION

SUMMARY OF RESEARCH
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　Discovery and development of new chemotherapy for 
inflammation and neoplastic diseases. Elucidation of the 
mechanism of diseases by using our small molecular weight 

chemical ligands. Application of IP administration of drugs for 
the treatment of diffi cult infl ammation and cancer.

FUTURE GOALS

Intraperitoneal NF-kappa B may be involved in the 
regulation of peripheral infl ammation and cancer
   In the course of our experiment with DHMEQ, I have 
recently proposed a new mechanism of inflammation and 
cancer (Biomed. Pharmacother. 65: 252-259, 2011). Many 
animal experiments with DHMEQ have been carried out 
by intraperitoneal (IP) administration. For the rheumatoid 
arthritis model, both IP and subcutaneous (SC) administration 
routes of DHMEQ are effective. DHMEQ in ointment form 
has a therapeutic effect on atopic dermatitis. The SC or 
ointment administration would provide DHMEQ directly to the 
inflammatory or tumor sites. In the case of IP administration 
the direct effect of DHMEQ at the inflammation or tumor 
sites may not be likely. Since DHMEQ has various anti-
infl ammatory and anticancer activities without any prominent 
toxicity, it is now being developed as an anti-inflammatory 
and anticancer agent. In the course of our drug development 
process, we came across an interesting observation. Although 
it is important to achieve an adequate blood concentration 
of DHMEQ in animals for drug development, we could not 
detect a high concentration of DHMEQ in the blood after an IP 
injection or even after an intravenous injection. 
　DHMEQ does not accumulate in the blood, possibly 
because of the quick uptake and inactivation of DHMEQ by 
the abundant blood cells (manuscript in preparation). No 
active metabolite would be possible to appear from DHMEQ in 
the body. In addition, if any metabolite of DHMEQ is an active 
principle in blood, it would also provide the toxicity in animals.
   Taken together, DHMEQ would be difficult to enter the 
systemic circulation after IP administration. Instead it is more 
likely that DHMEQ acts solely in the peritoneal cavity. In 
general, NF-kappa B inhibitors are considered to be toxic, 
since their effect is broad and they block functions essential 
for the immune system and other activities. Especially, NF-
kappa B inhibitors are likely to show unwanted effects in the 
bone marrow, since the expression of many hemopoietic 
growth factors such as GM-CSF and M-CSF (CSF-1) depends 
on NF-kappa B. However, DHMEQ has not shown any bone 
marrow toxicity so far, consistent with an inability to enter the 
systemic circulation. Therefore, various subcutaneous solid 

tumors, renal inflammation and even retinal inflammation, 
distant from the peritoneal cavity, might be controlled by the 
DHMEQ treatment of only peritoneal cells. So the question 
arises as to how the peritoneal cells can control peripheral 
inflammation or cancer growth. Inflammatory cytokines such 
IL-6 in the systemic circulation may enhance inflammation 
and tumor growth in the body. We demonstrated that IP 
administration of DHMEQ lowers the IL-6 level in the blood in 
a cancer cachexia model (Clin. Cancer Res. 11: 5590-5594, 
2005). Also, DHMEQ strongly inhibits macrophage activities 
in cultured cells, blocking the secretion of IL-6 and other 
infl ammatory cytokines.
　 In  1969,  Ver non-Rober ts  observed macrophage 
differentiation in the peritoneal cavity preceding mobilization 
of the cells to areas of inflammation. He suggested that 
the peritoneal cavity might act as an extravascular ‘‘culture 
chamber’’ where macro- phages would arise before their 
mobilization to distant infl ammatory sites (Nature 222: 1286-
1288, 1969).
　Although speculative, it may be a unique idea that the regulation 
of NF-kappa B in the cells of the peritoneal cavity would infl uence 
much peripheral infl ammation and cancer (Fig. 3). 

Future IP administration of immuno-suppressing agent may be 
useful for the treatment of various infl ammatory and neoplastic 
diseases.

1969 東京大学理学部化学科卒、1973 マサチューセッツ工科大学大
学院博士課程卒（Ph D）、1976 オックスフォード大学リンカンカ
レッジ卒（BA in Natural Sciences, 1979 MA）、1977 東京大学助手、
1987 財団法人微生物化学研究会研究所副所長、1989- 現在 慶應義
塾大学理工学部応用化学科教授、1997.8-12 ブラウン大学訪問教授、 
2006-2011 ハイテクリサーチセンタープロジェクト「化学的手法およ
び生物学的手法を融合した医療・環境改善物質の創製」代表研究者、 
2008- 現在 スロベニア・ヨセフステファン大学訪問教授。

Professor
Center for Chemical Biology,  
School of Fundamental Science and Technology
Faculty of Science and Technology,  Keio University

慶應義塾大学理工学部
基礎理工学専攻生物化学専修
教授

Kazuo Umezawa
梅澤　一夫
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Comprehensive analysis of metabolic networks of parasitic pathogens

　Beside overwhelming importance of infectious diseases 
in medicine, we, parasitologists, often see infections as an 
important mode of mutual interactions between pathogens and 
the human host, and investigate this mode of life ("parasitism") 
in elucidating the complex coevolution of lives. Since 
parasitism is apparently one of the most elaborate and evolved 
life styles, parasites are presumed to utilize sophisticated 
mechanisms of interactions with us at various levels (e.g., 
proteins, metabolites, ions, and gases) . To begin to elucidate 
the significance of metabolism and metabolic networks in the 
pathogen-host interaction, we first need to understand global 
regulation of metabolic networks in the pathogen.
　In the G-COE program, we confirmed and established the 
concept that metabolic networks play a pivotal role in the 
biology and pathogenesis of the infectious agents, using an 
enteric protozoan parasite as a model. Entamoeba histolytica 
is a parasitic protozoan living under hypoxic conditions, and 
causes amebic colitis,dysentery,and amebic liver abscesses. 
Due to lack of oxygen in a niche, E. histolytica is incapable 
of ATP generation via oxidative phosphorylation using 
tricarboxylic acid cycle and electron transport chain, usually 
found in aerobic mitochondria. Consequently, the content 
and functions of the mitochondrion-like (or derived) organelle 
(“mitosome”) in E. histolytica has highly diverged. We 
demonstrated by proteome analysis of the purified mitosomes 
that the Entamoeba mitosome likely plays unprecedented 
metabolic roles. The major pathway compartmentalized in 
the Entamoeba mitosomes is sulfate activation, in which 
three enzymes are involved: ATP sulfurylase, APS kinase, 
and inorganic pyrophosphatase. The Entamoeba mitosomes 
are capable of producing the active forms of sulfates, which 
are subsequently exported to the cytoplasm, where they are 
utilized to donate sulfate onto various acceptors such as lipids 
(Mi-ichi, Proc. Natl. Acad. Sci. USA, 2009) (Figure 1). 

We also demonstrated that the above-mentioned three 
enzymes, mitosomal chaperons, and ATP/ADP carrier on the 
mitosomal inner membrane are indispensable for proliferation 
and, thus, parasitism and pathogenesis of Entamoeba (Mi-
ichi, PLoS Negl.Trop.Dis., 2011). Overall we demonstrated that 
the uniquely-evolved mitochondrion-related organelle and its 
compartmentalized sulfate activation pathway in Entamoeba 
play an essential and highly divergent role that enables an 
anaerobic and parasitic life style.
　Secondly, in order to understand the role of central 
metabolism in the virulence and parasitism of Entamoeba, we 
exploited comprehensive approaches of metabolomic and 
transcriptomic analyses for the understanding of the function 
and regulation of major metabolic pathways. We mainly, but 
not exclusively, focused on glycolytic, sulfur-containing amino 
acid, and their associated metabolic pathways. We examined 
modulations of global transcriptomic and metabolomic profiles 
upon environmental changes such as nutrient restriction 
and oxidative stress. We established metabolomic profiling 
of Entamoeba using capillary electrophoresis-tandem 
mass spectrometry (CE-ToFMS) in a collaboration with Prof. 
Soga’s group. Combining with transcriptomic analysis on 
DNA microarrays we produced, we are now able to have a 
global view of transcriptional and metabolic changes upon 
environmental and developmental changes. We discovered 
that L-cysteine deprivation in the environment dramatically 
influenced gene expression and metabolic flux. Cysteine 
deprivation caused reduction in L-cysteine/L-cystine, increase 
in O-acetylserine and S-methyl-L-cysteine, the latter of which 
was formed from methanethiol and O-acetylserine, produced 
by reactions catalyzed by methionine gamma-lyase and serine 
acetyltransferase, respectively (Figure 2).

　 F u r t h e r m o r e ,  c y s t e i n e  d e p r i v a t i o n  c a u s e d 
upregula t ion o f  Kennedy pathway and increase in 
isopropanolamine, isopropanolamine phosphate, and 
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phosphatidyl isopropanolamine via dihydroxyacetone 
phosphate and methylglyoxal (Husain, J. Biol. Chem., 2010).
　Thirdly, we also investigated the role of a gene whose 
transcription was tightly regulated by extracellular cysteine 
concentrations. A novel NADPH-dependent oxidoreductase 
(EhNO2) was upregulated by cysteine addition and repressed 
by cysteine deprivation. We showed that EhNO2 has unique 
reducing activity of hydrogen peroxide, L-cystine, ferric ion, 
and metronidazole, the common drug used against amoebic 
infections, and is involved in the house-keeping functions 
such as redox regulation, reduction of cystine, iron and drugs 
(Jeelani, J. Biol. Chem., 2010) (Figure 3)

　Finally, we also applied transcriptomic and metabolomic 
analyses to investigate global regulation of cellular differentiation 
of Entamoeba. Encystation, which is cellular differentiation from 
the motile, proliferative, labile trophozoite form to the dormant, 
resistant cyst form, is a crucial process found in parasitic and 
free-living protozoa. Since encystation is an essential process 
to deal with the adverse external environmental changes 
during the life cycle, and often integral to the transmission 
of the diseases, biochemical understanding of the process 
potentially provides useful measures against the infections 
caused by this group of protozoa. We investigated metabolic 
and transcriptomic changes that occur during encystation in 
Entamoeba invadens, the reptilian sibling of mammal-infecting 
E. histolytica. As the encystation progressed, the levels of 
majority of metabolites involved in glycolysis and nucleic acid 
metabolism drastically decreased, indicating energy generation 
is ceased. In contrast, the flux of glycolysis was redirected 
toward chitin wall biosynthesis. We also found remarkable 
temporal increases in biogenic amines such as isoamylamine, 
isobutylamine, and cadaverine, during the early period of 
encystation, suggesting that these metabolites may play an 
important role in inducing encystation. We also identified a 
pathway involved in gamma-aminobutyric acid synthesis, which 
was induced remarkably during encystation. This study has 
unveiled for the fi rst time the dynamics of the transcriptional and 
metabolic regulatory networks during encystation, and should 
help in better understanding of the process in pathogenic 
eukaryotes, and further development of measures controlling 
infections they cause (Figure 4).

　We are a lso work ing on the development  of  new 
chemotherapeutics against neglected tropical diseases 
(NTD) including amebiasis by targeting unique metabolism 
selectively present in the parasitic protozoa. We are also 
interested in molecular mechanisms of the virulence and 
pathophysiology of parasitic protozoa. We have been 
investigating vesicular trafficking of major virulence factors 
including cysteine proteases. We are also studying pathogen- 
and host-associated factors that determine the outcome of 
infections by comparative genomics of clinical isolates. We 
are also working on molecular mechanisms of phagocytosis, 
differentiation (encystation), and lipid signaling involved in 
these processes. Finally, as a project derived from one of the 
research outcomes from G-COE as described above, we have 
recently initiated a new project working on the evolution of the 
transport, division, and functions of the mitochondrion-related 
organelles in anaerobic eukaryotes, more specifi cally parasitic 
and non-parasitic protists, in order to understand the role of 
the interactions between the endosymbionts and their hosts 
during endosymbiosis and organelle genesis. It is needless to 
say that we wish our scientifi c achievements eventually should 
make the world less burdened with infectious diseases.
　Through our G-COE program, we were able to establish 
multicentral (NIID, Gunma University, Keio University) and 
multinational (Japan, India, the Philippines) networks for 
parasite metabolism. One of post-doctoral fellows involved 
in the project got a faculty position as Assistant Professor in 
Japan, while one of three graduate students involved in the 
project got a lectureship in the Philippines, and two a post-
doctoral position (US and Japan), indicating that the G-COE 
program helped training and promotion of young scientists.

1987 年 慶應義塾大学・助手、1989 年 米国・NIH リサーチアソシエー
ト、1992 年 ロックフェラー大学・助手、1999 年 国立感染症研究
所・室長、2005 年 群馬大学・教授を経て、2008 年より現職。1988
年 -1989 年 JICA 派遣専門家 ( ブラジル )、2001 年 -2005 年　科学技
術振興事業団さきがけ「生体と制御」研究員、2009 年 - 現在 筑波大
学大学院生命環境科学研究科・教授併任。2011 年 - 現在 文部科学省
科学研究費補助金新学術領域マトリョーシカ型進化原理 (http://www.
matryoshka-evolution.jp/) 領域代表。
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National Institute of Infectious Deseases

国立感染症研究所
寄生動物部
部長

Tomoyoshi Nozaki
野崎　智義
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　In RNA silencing, small RNAs of 20-30 nucleotides (nt) 
guide Argonaute proteins, the main catalytic factors, to the 
target RNAs to be silenced. Endogenous small RNAs in 
animals can be divided into three subgroups: microRNAs 
(miRNAs) (21-23 nt), PIWI-interacting RNAs (piRNAs) (24-30 
nt), and endogenous small interfering RNAs (endo-siRNAs) 
(~21 nt). miRNAs are encoded by their own genes and are 
expressed ubiquitously. piRNAs are germline-specific and 
are mainly derived from intergenic repetitive regions of the 
genome, including transposons and even non-transposon loci, 
which are generically called piRNA clusters. endo-siRNAs 
also mainly originate from transposons and repetitive genomic 
elements but are not germline-specific. Thus, piRNAs and 
endo-siRNAs are distinct from each other. Recent studies 
in Drosophila have shown that among the four isoforms of 
Loquacious (Loqs), Loqs-PB and Loqs-PD are involved in 
miRNA and endo-siRNA processing pathways, respectively. 
However, how these Loqs isoforms function in their respective 
small RNA biogenesis pathways remains elusive. Therefore, 
we studied functions of each Loqs isoform, in the GCOE 
program, and found that Loqs-PD associates specif ically 
with Dicer2 through its C-terminal domain. The Dicer2-Loqs-
PD complex contains R2D2, another known Dicer2 partner, 
and excises both exogenous siRNAs and endo-siRNAs from 
their corresponding precursors in vitro. However, Loqs-PD, 
but not R2D2, enhanced Dicer2 activity. The Dicer2-Loqs-PD 
complex processes endo-siRNA precursor hairpins with long 
stems, which results in the production of AGO2-associated 
small RNAs. Interestingly, however, smallv RNAs derived from 
terminal hairpins of endo-siRNA precursors are loaded onto 
AGO1; thus, they are classified as a new subset of miRNAs 
(Figure 1).

These results suggest that the precursor RNA structure 

determines the biogenesis mechanism of endo-siRNAs and 
miRNAs, thereby implicating hairpin structures with long stems 
as intermediates in the evolution of Drosophila miRNA. We 
reported these fi ndings in RNA in 2010 (Miyoshi et al., RNA 
16: 506-515. 2010).
　As indicated above, piRNAs are germline-specifi c small non-
coding RNAs that form the piRNA-induced silencing complex 
(piRISC) by associating with PIWI proteins. The piRISC 
protects the integrity of the genome from invasion by ‘genomic 
parasites’ - transposable elements - by silencing them. Owing 
to their limited expression in gonads and their sequence 
diversity, piRNAs have been the most mysterious class of 
small non-coding RNAs regulating RNA silencing. However, 
much progress has been made into our understanding of their 
biogenesis and molecular functions, including the specific 
subcellular compartmentalization of the piRNA pathway in 
granular cytoplasmic bodies. Therefore, Alexei Aravin, an 
Assistant Professor at Caltech, and I, together with Kaoru 
Sato and Dubravka Pezic, wrote a Review paper for ‘piRNAs’ 
in Nature Reviews Molecular Cell Biology in 2011 (Siomi et 
al., Nat. Rev. Mol. Cell Biol. 12: 246-258. 2011). This Review 
paper has been sited in research papers in the particular fi eld; 
one reason might be that this review contains a summary of 
piRNA biogenesis pathway, which was based on the fi ndings 
in Drosophila and mice (Figure 2).

　We have been continuing our study for RNA silencing in 
Drosophila, but lately, we focus on piRNAs; this is because 
piRNAs are the most mysterious class of small non-coding 
RNAs regulating RNA silencing. The majority of piRNA factors 
are localized in the nuage, electron-dense, non-membranous 
cytoplasmic structures located in the perinuclear regions 
of germ cells. Thus, piRNA biogenesis thought to occur in 
the nuage in germ cells. Inmmunofluorescence analyses of 

RNA silencing and metabolism in living organisms

Summary of research
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ovaries from piRNA factor mutants have revealed a localization 
hierarchy of piRNA factors in female nuage. However, whether 
this hierarchy is female-specifi c or can also be applied in male 
gonads remains undetermined. Thus, we studied this matter 
using both male and female gonads. Immunostaining of both 
ovaries and testes from piRNA factor mutants revealed that the 
molecular hierarchy of piRNA factors show gender-specifi city, 
especially for Krimper, a Tudor-domain containing protein of 
unknown function(s): Krimper is dispensable for PIWI protein 
Aubergine nuage localization in ovaries but Krimper and Aub 
require each other for their proper nuage localization in testes. 
This suggested that the functional requirement of Krimper in 
piRNA biogenesis may be different in male and female gonads 
(Figure 3). 
We reported these fi ndings in Frontiers in Genetics this year 
(Nagao et al., Front. Genet. 2011).

　Although the mechanism of piRNA-mediated gene silencing 
mechanism has been extensively studies world-wide, it largely 
remains unknown. Thus, we will continue our study on piRNAs, 
especially in Drosophila. Our continued studies will further 
contribute to the understanding of not only the piRNA pathway 
but also the natural biological functions of the germline. This is 
unique, important, and necessary, as the in vivo engineering 

of the piRNA-mediated gene silencing or related pathways 
may result in biotechnological and biomedical applications 
such as the development of antiviral and cancer therapies, 
and methods to treat diseases related to functional defects in 
the ovaries and testes, including infertility. Ultimately, this will 
result in considerable economic and social benefi ts for Japan 
and also for other countries.

　Finally, I would like to thank sincerely the G-COE program 
for supporting our work on RNA silencing in Drosophila.
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