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DEPARTMENT OF GENETICS AND MOLECULAR BIOLOGY 
LABORATORY OF BIOCHEMISTRY 
 

In the eukaryotic cells, at least two types of separation have taken place. First, the genes are 
separated by introns into multiple exon pieces that should be spliced together. Second, the cell itself 
is separated by the nuclear envelope into two major compartments, the nucleus and the cytoplasm. 
These two types of separations necessitate specific gene expression mechanisms such as RNA 
splicing and nuclear transport. Prof. Mutsuhito OHNO’s laboratory is studying various aspects of 
eukaryotic gene expression with great emphasis on “RNA” as a key molecule. 
 

1) Identity elements in RNA export: I. TANIGUCHI, H. FUKE, T. SUZUKI and R. IWANO 
 

Different RNA species are exported from the nucleus by distinct mechanisms. Among the 
different RNA species, major splicesomal U snRNA precursors and mRNAs share some similarities. 
They are both transcribed by RNA polymerase II, and both initially acquire m7G-cap structure. In 
addition, in both cases, there are no conserved internal RNA sequences required for nuclear export. 
Despite these similarities, export of these two RNAs is mediated by different factors. U snRNAs are 
exported by cooperation of CBC, PHAX, CRM1 and RanGTP, whereas export of mRNAs depends 
upon the REF, SR proteins and TAP proteins. Thus there must be distinguishing features of U 
snRNAs and mRNAs that are recognized by these cellular factors. In this research project, we 
perform a systematic search for identity elements used in export of mRNAs. To do this, we 
transplant one by one the features of mRNAs into U1snRNA, and look for elements of mRNA that 
makes the U1 RNA behave like an mRNA in nuclear export process. We previously found that an 
mRNA-type intron is such an identity element. We also found that RNA length is also an important 
determinant of RNA export pathway. We are searching for the factors that may recognize the RNA 
length in RNA export process (I. TANIGUCHI). 
   Thus identity elements used to distinguish different RNAs have been searched in terms of the 
properties embedded in the RNA molecules themselves. The concept of RNA identity elements 
however could be broader than we thought so far. We have speculated that export pathway of an 
RNA might be influenced by which class of RNA polymerase (I, II or III) has been used to 
transcribe the RNA. In order to test this hypothesis, we prepared a number of artificial gene sets in 
which promoters were exchanged, so that certain class of RNA, e.g. UsnRNA, is transcribed by 
each of the three classes of RNA polymerases, and these gene sets were microinjected into the 
nucleus of Xenopus laevis oocytes. (H. FUKE). 
   We have used so far the Xenopus laevis oocyte system. We are extending our research to the use 
of mammalian somatic cell system (T. SUZUKI) and Drosophila cell system (R. IWANO). 
 



2) A compartmentalized phosphorylation/dephosphorylation system that regulates RNA 

export from the nucleus: S. KITAO 
 

The trafficking of major spliceosomal U snRNAs between the nucleus and cytoplasm is 
indispensable for their maturation in metazoa. PHAX (phosphorylated adaptor for RNA export) is 
the key regulator of U snRNA export complex assembly. PHAX is phosphorylated in the nucleus 
and exported as a component of the U snRNA export complex to the cytoplasm, where it is 
dephosphorylated. PHAX phosphorylation is essential for export complex assembly whereas its 
dephosphorylation causes export complex disassembly. Thus PHAX is subject to a 
compartmentalized phosphorylation/dephosphorylation cycle that contributes to the directionality of 
U snRNA transport. This is reminiscent of the RanGTP/GDP cycle during the nucleocytoplasmic 
trafficking, e.g. the export receptors can interact with cargoes only in the nucleus in the presence of 
RanGTP and release them in the cytoplasm upon GTP hydrolysis. It is very likely that the activity 
of PHAX is needed in broader context of biological process. In fact, PHAX has recently been 
reported to be involved in the intra-nuclear transport of a subset of small nucleolar RNAs. In spite 
of such importance, neither the essential phosphorylation sites of PHAX nor the kinase/phosphatase 
that contribute to the compartmentalized system have been clarified. Such knowledge should help to 
understand the biogenesis of cellular RNA molecules in general. We are in the process of obtaining 
the results in this direction. 

 
3) Analysis of intron-degradation pathway: R. YOSHIMOTO, M. FUJITA and N. 

KATAOKA 
 

In higher eukaryotes, most genes in the nucleus have introns. Genes are first transcribed as 
pre-mRNAs and become mRNAs by removal of introns. In human, more than 95% region of the 
pre-mRNAs are the introns that are removed by splicing as a lariat form. Excised introns remain in 
the nucleus and are subject to degradation after the debranching reaction. Without this degradation 
process, lariat-form introns will accumulate in the nucleus and remain bound to splicing factors. 
The intron accumulation prevents splicing factors from the recycling for another round of splicing 
reaction and may also cause a shortage of the nucleotides that are to be supplied from the degraded 
introns. Furthermore, some non-coding RNAs such as snoRNAs and miRNAs are encoded in the 
introns and they are likely to be produced in coordination with pre-mRNA splicing and/or intron 
degradation. Therefore, the intron degradation is thought to be a crucial process for higher 
eukaryotic cells. However, relatively little is known about this process and only a few factors were 
identified. The goal of our research is to elucidate the molecular mechanism of the intron 
degradation and recycling of splicing factors by isolating post-splicing intron complexes. 



 
4) RNA metabolism in M-phase: H. KIRIU 
 

In eukaryotes, mRNAs are transcribed from the genome as pre-mRNAs, which usually contain 
non-protein coding introns. The pre-mRNAs are then processed (5’ capping, 3’ poly (A) tailing, 
intron splicing, etc.) in the nucleus to produce mature mRNAs. Only fully processed mature 
mRNAs are recognized by the nucleocytoplasmic transport machinery and actively transported to 
the cytoplasm. In the classical view, the protein synthesis occurs in the cytoplasm exclusively. 
Therefore, the site of translation and the site of mRNA production (transcription and mRNA 
processing) are physically separated by the nuclear envelope. However, this separation is lost in 
M-phase when the nuclear envelope is broken down. We are interested in what happens to the 
nuclear and cytoplasmic RNAs when the nucleus and cytoplasm are mingled in M-phase. 
 

5) Novel RNA quality control mechanisms: A. MIYATA, K. FUJII and M. KITABATAKE 

 
  How the eukaryotic cells deal with non-functional RNA molecules that have been either mutated 
or damaged? We are searching for novel RNA quality control mechanisms in both mammalian and 
yeast cells by mainly focusing ribosomal RNAs. 
 

6) mRNA transport in the neurite: K. NINOMIYA and N. KATAOKA 

 
 Some specific mRNAs are transported in the neurite, and locally translated in the synapus. We are 

studying this process from the point of view that the EJC components may be involved. 

 
7) Comprehensive expression analysis of human small RNA molecules: A. MCCLOSKEY and 
M. KITABATAKE 
 
  More than 300 miRNAs have been identified in human. We are undertaking a comprehensive 
expression analysis of human small RNAs in order to identify the candidates that may regulate cell 
growth and cell cycle. We also expect that we might be able to identify novel small functional 
RNAs other than miRNA. 
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