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DEPARTMENT OF VIRAL ONCOLOGY 
LABORATORY OF CELL REGULATION 
 
I. Sugita group 
  Full attention of the recently set up Sugita’s laboratory has been directed to a novel lineage of 
antigen-presenting molecules, CD1.  Unlike conventional MHC molecules that present protein- 
derived peptide antigens, molecules of the human group 1 CD1 family (CD1a, CD1b, CD1c) 
mediate presentation of lipid antigens to specific T lymphocytes.  By taking cell biological and 
immunological approaches, this group wishes to establish a molecular and cellular basis for 
CD1-dependent immunity and determine how CD1 has been evolved to function critically in host 
defense.  An important extension of this study is a challenge for developing a new type of 
lipid-based vaccines against cancer and microbial infection. 
 
I-1) Reconstitution of the human CD1 system in mice: I. MATSUNAGA, H. FUKUI, A. 
MORIMOTO, A. OTSUKA, T. SHIINA* and M. SUGITA (*Tokai Univ.) 
 
  Mice and rats are useful animals for many immunological studies, but important exceptions exist.  
These animals have deleted genes for group 1 CD1 family, and thus, lack the lipid recognition 
system that is comparable to that in humans.  Given the necessity of appropriate small animal 
models for monitoring CD1-mediated immune responses in vivo, we have developed two distinct, 
but complementary animal systems; namely, guinea pigs and CD1 transgenic mice.  We have 
recently found that guinea pigs have evolved the CD1 system equivalent to that in humans, and, as 
discussed below, are capable of mounting the CD1-restricted T cell response upon mycobacterial 
infection.  On the other hand, the paucity of critical guinea pig reagents often hampers the 
thoroughgoing in vivo evaluation of the CD1 system in vivo. 
  As an alternative animal model, we now have established CD1 transgenic mice in which the 
CD1-dependent immunity is reconstituted.  CD1c transgenic mice carrying the human CD1C 
genome were generated and analyzed for CD1c expression.  Similar to human myeloid dendritic 
cells (DCs), bone marrow-derived DCs from CD1c transgenic mice prominently expressed CD1c.  
Splenic macrophages did not express CD1c in naive CD1c transgenic mice, but upon infection with 
BCG, at least a subset of macrophages now acquired its expression most likely via TLR-dependent 
pathways.  Thus, the two major host cell types for mycobacterial infection, namely macrophages 
and DCs, are able to express CD1c in infected hosts.  It remains to be established whether a full 
range of “positive selection” for CD1c-restricted T cells may have occurred in these CD1c 
transgenic mice, our pilot studies readily detected the presence of CD1c-restricted autoreactive T 
cells in these mice.  We also generated CD1a and CD1b transgenic mice, now allowing us to 
comparatively analyze functions of each CD1 component. 



 
I-2) CD1-dependent immunity against Mycobacterium avium complex (MAC) and HIV-I: I. 
MATSUNAGA, A. OTSUKA, K. TOMITA, A. OCHI, D. MORITA, I. YANO* and M. 
SUGITA (*Japan BCG Central Laboratory.) 
 
  After moving to this Institute, the Sugita’s laboratory has set out to study lipid-specific immune 
responses against MAC.  Following infection with MAC, guinea pigs mounted significant 
cell-mediated and humoral immune responses directed against cell wall lipid components of MAC.  
In the follow-up studies, we have identified a certain species of mycolyl glycolipids as the major 
target antigen for the protective immunity against MAC infection.  Infection with MAC is clinically 
important because of its resistance to treatment of antibiotics, and often critical in prognosis of 
AIDS patients.  Thus, one of the goals of this study is to determine if these glycolipids to which 
host immune responses are targeted may function as a new class of subunit vaccines against 
mycobacterial infection. 
  As in mycobacteria-infected cells, lipid-containing molecules are also produced in cells infected 
with viruses that can potentially serve as antigens recognized by the CD1 system.  We have made 
extensive search for such candidate antigens in HIV-1 infection, using newly developed CD1 
binding assays.  We now focus on a couple of HIV-1-related antigens and see if these are capable of 
activating CD1-restricted cytotoxic T cells. 
 
I-3) Demonstration of lipid-specific allergic reactions: N. MORI*, I. MATSUNAGA, A. 
OTSUKA, D. MORITA, and M. SUGITA (*Div. of Applied Life Science, Kyoto Univ.) 
 
  As evidence by the studies described above, it is now clear that CD1 mediates a critical pathway 
for host defense.  On the other hand, undesirable immune responses to lipids may result in tissue 
damage and autoimmunity.  In collaboration with Dr. Naoki Mori, who successfully isolated α- and 
β-acaridial, representing monoterpenes from astigmatid mite Tyrophagus putrescentiae, we 
addressed the possibility that these mite-derived lipids may function as allergens and induce contact 
dermatitis.  Using in vivo systems, we showed that immune sensitization with these compounds 
indeed occurred effectively, and subsequent challenges with the same antigens induced allergic 
reactions, typically observed as the form of contact dermatitis in the skin. 
 
I-4) Identification of cancer-related lipid antigens: H. TAKABA, A. OTSUKA, I. 
MATSUNAGA and M. SUGITA 
 
  Self and “altered” self lipids are often found to be the target for CD1-restricted cytotoxic T cells.  
Since aberrant expression of group 1 CD1 molecules is noted in certain types of cancer cells, we 



reasoned that lipids, besides peptides, may constitute a new entity of tumor antigens and induce 
specific cytotoxic T cell responses that control tumor cell survival directly.  This project, which can 
potentially create a new field of cancer immunology, has been undertaken in this laboratory.  
Although the project is still at the immature stage, we have candidate antigens in hand that can bind 
group 1 CD1 molecules.  By taking advantage of both immunological approaches with specific 
antibodies and TLC-based chemical approaches, we monitor their expression in various types of 
cancer cells.  At the same time, specific CD1-restricted T cell lines are being obtained. 
 
II. Murakami group 
  Murakami’s group is interested in the regulation of higher order chromatin structure and its role in 
various chromosome functions. Currently this group mainly focuses on the dynamic organization of 
heterochromatin that is important constituent of chromosome using fission yeast 
Schizosaccharomyces pombe as a model organism. In addition, this group analyzes the regulation of 
DNA replication and DNA damage repair during S phase. 
 
II-1 Role of RNA polymerase II in the RNAi-dependent Heterochromatin Formation: Y. 
MURAKAMI, H. KATO*, A. SHIMADA, M. NAKAMA, F. BÜHLER**, D. MOAZED** and 
K. TANAKA** (*Shimane Univ., **Harvard Medical School, ***Kansei-Gakuin Univ.) 
 
  In centromeric heterochromatin formation in fission yeast, the RNA interference (RNAi) 
machinery converts pericentromeric non-coding RNAs (ncRNA) into small interfering RNAs 
(siRNAs) and the siRNA is required for the assembly of heterochromatin. Specially, association of 
RNA induced transcriptional silencing (RITS) complex, which contains the siRNA and Argonaute 
homologue, to ncRNA appears to be a key step for RNAi-dependent heterochromatin formation, 
because artificial tethering of RITS complex to ura4 RNA by a specific RNA binding protein 
induces ura4-siRNA formation and heterochromatin formation at ura4 locus (Bühler et al, Cell, 125, 
873-886, 2006). Previously we isolated a mutation of the second subunit of RNA polymerase II 
(rpb2-m203) that specifically inhibit RNAi-dependent heterochormatin formation but does not 
affect general transcription. Detailed analysis of this mutant indicated that RNA polymerase 
transcribes the ncRNA at centromeric repeats and couples transcription and subsequent siRNA 
formation (Kato et al. Science, 309, 467-469, 2005). Interestingly, We found that rpb2-m203 did not 
affect the heterochromatin formation or siRNA formation induced by the artifictial RITS tethering 
system. This indicates RNA polymerase II is involved in the siRNA-dependent binding of RITS 
complex to the non-coding RNA. Recently, RNA polymerase II in plant cells was shown to interact 
with one of the plant Argonaute homologues. Thus, direct recruitment of RITS complex to ncRNA 
by RNA polymerase II might be a basis for the coupling of transcription and siRNA processing. 
Now we are examining the interaction between RNA polymerase II and RITS complex in fission 



yeast. 
 
II-2) Isolation of Novel Mutants of RNA polymerase II that Disrupt RNAi-Dependent 

Heterochromatin Formation: SATORU TSUNEMINE AND YOTA MURAKAMI 
 
  As mentioned in II-1), a mutation of the second largest subunit of RNA polymerase II in fission 
yeast, rpb2-m203, disrupts coupling between transcription and siRNA processing in 
RNAi-dependent heterochromatin formation. The mutation converts asparagine 44 in the 
“protruding domain” of Rpb2 to tyrosine. This domain is well conserved from fission yeast to 
higher eukaryote but no interacting protein has been reported. We speculate that the domain 
interacts with the RNAi-related factor(s) such as RITS comples (see II-1)). To confirm our 
speculation, we have been trying to isolate novel mutant alleles in this domain that show the same 
phenotype as rpb2-m203 using site-directed mutagenesis and preliminary results suggest that such 
mutation can be isolated. Since it is unknown yet if similar system operates in higher eukaryote, we 
are planning to introduce the isolated mutations including rpb2-m203 into vertebrate cells and to 
analyze function of RNAPII in heterochromatin formation as well as other non-coding 
RNA-mediated and higher eukaryote specific phenomena, such as micro RNA formation and X 
chromosome inactivation. 
 
II-3) Non-Coding RNAs Associate with Chromatin in Heterochromatin-Mediated Silencing: 
M. NAKAMA, H. KATO*, T. URANO**, K. FURUKAWA**, Y. MURAKAMI (*Shimane 
Univ., **Nagoya Univ.) 
 
  The RNAi-dependent heterochromatin formation model (See II-1)) suggests centromeric 
non-coding RNA (ncRNA) may play multiple roles in RNAi-mediated chromatin assembly, 
including the production of dsRNA and siRNA, siRNA-directed localization of RITS, and the 
recruitment of chromatin-modifying complexes. Specially, the model predicted that ncRNA 
associates with chromatin and functions as a platform for RNAi-dependent heterochromatin 
formation but the direct evidence for the prediction is missing. We tried to RNA-IP 
(RNA-immunoprecipitation) to detect the interaction between non-coding RNA and chromatin, 
using antibodies against C-terminal region of histone H3, histone dimetyl-histone H3(Lys9) 
(H3K9-me) and dimethyl-histone H3(Lys4) (H3K4-me), which represents whole chromatin,  
heterochromatin and euchrhomatin respectively. We found that centromeric non-coding RNA 
associated with histone H3 and H3K9-me but not to H3K4-me. In contrast, general transcripts, like 
mRNA encoding actin, do not associate with histone H3. The analysis using various kinds of 
heterochromatin mutants indicates that there is good correlation between ncRNA-chromatin 
association and heterochromatin formation. This result supported the functional link between 



ncRNA associated histone and heterochromatin assembly. We are now trying to understand the 
mechanism and the functional significance of the ncRNA-heterochormatin association. 
 

II-4) RNA Metyltransferase Tgs1 is Required for Pericentromeric Heterochromatin 
Assembly: A.SHIMADA, Y. MURAKAMI 
 

  In the effort to identify genes involved in the RNAi-dependent heterochromatin formation, we 
found tgs1, which encods RNA methyltransferase, as a candidate gene. tgs1 null mutant showed the 
phenotype similar to RNAi mutants, the loss of heterochromatin specific histone modifications and 
the accumulation of pericentromeric non-coding RNAs. The point mutation of Tgs1, W153A, 
which loses the methyltransferase activity, also showed the same phenotype, indicating that the 
methyltranserase activity is necessary for RNAi-depenedent heterochromatin formation. Tgs1 is 
known as snRNA (small nuclear RNA) trimethylguanosine synthase and converts the cap structure 
from m7G to m3G. The modification is important for the intra-nuclear localization of snRNA. 
Therefore, Tgs1 may modify the pericentromeric non-coding RNAs and help their intra-nuclear 
localization that is important for RNAi-dependent heterochromatin formation. 
 
II-5) Role of Histone Deactylace Clr3 in the Formation of Heterochromatin: S. TSUNEMINE, 
M. NAKAMA, A. SHIMADA, H. NAKAGAWA*, M. HATTA**, K. DOHKE, M. 
YOKOYAMA AND Y. MURAKAMI (*presently Ohita Univ., **presently Graduate School of 
Medicine, Kyoto Univ.) 
 
  Transcriptionally silent heterochromatin is characterized by deacetylated histones. Histone H3 is 
deacetylated at Lys 9 and Lys 14 (H3K9 and H3K14), and methylated on Lys 9 (H3K9), which is 
bound by a chromo-domain protein HP1. It is still unclear how histone tail modifications are 
orchestrated, and what the role of HP1 is in the formation of silent chromatin. We found that neither 
Clr3 nor H3K14 deacetylation was absolutely required for methylation of H3K9 or the subsequent 
binding of the fission yeast HP1 homologue, Swi6 at centromeric RNAi-dependent heterochromatin. 
Instead, Swi6 was required for recruitment of Clr3, to deacetylate H3K14, and both Swi6 and Clr3 
were required for deacetylation of histone H4. Since gene silencing was partially disrupted in the 
absence of Clr3, one of the roles of HP1/Swi6 in transcriptional gene silencing would be 
enhancement of histone tail deacetylation by recruiting HDACs such as Clr3. In contrast to 
centromeric heterochromatin, lack of Clr3 causes the dislocalization of Swi6 and increase of 
phosphorylation of histone H3S10 that inhibits Swi6 binding to methylated H3K9 at mating locus 
heterochromatin  (Yamada et al. Curr. Biol, 20, 173-186, 2005). Interestingly, we found that loss of 
Clr3 does not cause the increase of H3S10 phosphorylation at centromeric heterochromatin 
indicating that some features of centromeric heterochromatin is different from mating type 



heterochromatin. 
 

II-6) Chromatin Assembly Factors in Fission Yeast Contributes to the Stable Maintenance of 
heterochromatin.: K. DOHKE, S.I.S. GREWAL1, K. TANAKA2, S. KATAYAMA3, T. 
URANO4, Y. MURAKAMI (1National Institutes of Health, USA, 2Shimane Univ., 3Saga Univ., 
4Nagoya Univ.) 
 
  Higher order structure of chromatin plays an essential role in various nuclear processes. Once 
established, the higher order structure need to be maintained through cell divisions. The molecular 
mechanism for the maintenance of the chromatin structure is not well understood yet. Chromatin 
assembly factor-1 (CAF-1) is three subunits (p150, p60, and p48) complex and loads histone H3-H4 
complex onto newly synthesized DNA through interaction with a replication factor, PCNA in vitro. 
  We identified fission yeast genes (pcf1, pcf2, pcf3) showing significant homology to CAF-1 p150, 
p60 and p48 subunits. We found that Pcf1, Pcf2 and Pcf3 form a complex that interacts with PCNA 
like human CAF1. We also showed that pcf1, 2 and 3 are required for maintenance of 
heterochromatin rather than establishment. It is known that human CAF-1 p150 interacts directly 
heterochromatin protein HP1. In S. pombe, fission yeast CAF-1 interacts heterochromatin protein 
Swi6 in S phase specifically. In the mutant analysis, we found that CAF-1 is required for the 
heterochromatin-specific modifications of histone H3 tail and localization of Swi6. Therefore, 
CAF-1 may play an important role in "the exact inheritance of heterochromatin structure."  
  Disruption of CAF-1, however, does not affect cell growth significantly, indicating that other 
chromatin assembly factor(s) exist. Asf1 (anti-silencing function 1) is thought to be a histone 
chaperon working cooperatively with CAF-1. We have used the temperature sensitive mutant of 
fission yeast asf1 to analyze its role of heterochromatin formation and relationship to CAF-1, since 
asf1 is essential for cell growth. Our results indicated that CAF-1 and ASF1 function independently 
to maintain heterochromatin. These date suggested that both chromatin assembly factors does 
participate in "the exact inheritance of heterochromatin structure" in fission yeast. 
 
II-7) The Novel Gene mus7+ Is Involved in the Repair of Replication-Associated DNA Damage 
in Fission Yeast : M. YOKOYAMA , H. INOUE*, C. ISHII* and Y. MURAKAMI (*Saitama 
University ) 
 
  The progression of replication forks is often impeded by obstacles that cause them to stall or 
collapse, and appropriate responses to replication-associated DNA damage are important for 
genome integrity. Here we identified a new gene, mus7+, that is involved in the repair of 
replication-associated DNA damage in the fission yeast Schizosaccharomyces pombe. The ∆mus7 
mutant shows enhanced sensitivity to methyl methanesulfonate (MMS), camptothecin, and 



hydroxyurea, agents that cause replication fork stalling or collapse, but not to ultraviolet light or 
X-rays. Epistasis analysis of MMS sensitivity indicates that Mus7 functions in the same pathway as 
Mus81, a subunit of the Mus81-Eme1 structure-specific endonuclease, which has been implicated in 
the repair of the replication-associated DNA damage. In ∆mus7 and ∆mus81 cells, the repair of 
MMS-induced DNA double-strand breaks (DSBs) is severely impaired. Moreover, some cells with 
either mutation are hyper-elongated or enlarged, and most of these cells accumulate in late G2 
phase. Spontaneous Rad22 (recombination mediator protein RAD52 homolog) foci increase in S 
phase to late G2 phase in ∆mus7 and ∆mus81 cells. These results suggest that replication-associated 
DSBs accumulate in these cells and that Rad22 foci form in the absence of Mus7 or Mus81. We 
also found that the rate of spontaneous conversion-type recombination is reduced in mitotic ∆mus7 
cells, suggesting that Rhp51- (RAD51 homolog) dependent homologous recombination is disturbed 
in this mutant. From these data, we propose that Mus7 functions in the repair of 
replication-associated DSBs by promoting RAD51-dependent conversion-type recombination 
downstream of Rad22 and Mus81.  

 
 
II-8) Drosophila ORC1 (DmORC1) Loads onto the Chromosomal DNA Replication Origin for 
Gene Amplification: H. KOHZAKI and Y. MURAKAMI 
 
  Others and we have been shown that transcription factors, including nuclear proto-oncogenes such 
as c-jun and c-fos, regulated DNA replication. This suggests that disturbance of the regulation of 
DNA replication by the nuclear oncogenes is one of the mechanisms for chromosomal abnormality 
including gene amplification, which leads to oncogenesis.  
  We chose Drosophila (Dm) chorion gene amplification as a model system to study the regulation 
of DNA replication by transcription factors. The chorion gene amplification is tightly regulated 
during development of follicle cells and utilizes a similar set of proteins to the normal chromosomal 
replication, such as origin recognition complex (ORC). The replication origin contains two essential 
elements ACE3 and ori-beta, where DmOrc2 binds. Interestingly, transcription factors, such as E2F 
and Myb, have been shown to regulate this amplification.  
  We first analyzed the behavior of DmORC1, because, unlike DmORC2, the level of DmORC1 is 
modulated during cell cycle and regulates origin utilization during development. We indicated that 
DmOrc1-GFP formed foci in the follicle cell nucleus, which may represent the amplifying loci.  
ChIP assay indicated that DmOrc1 bound to ACE3 and Ori-beta in the tissue in which chroion gene 
amplification takes place. Considering the regulatory role of DmORC1, we speculate that loading of 
DmORC1 is a major regulatory step for the gene amplification. We hypothesize that the 
transcription factors regulate the loading of DmORC1 and are now examining the loading of 
DmORC1 in the mutant flies of E2F and Myb. In addition, we also start to characterize DmCDC6 



because of functional exchangeability between DmORC1 and DmCDC6 has been suggested. 
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