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The genetic information encoded in nucleotide sequences of genes is transcribed into RNA
(transcription), and the RNA nucleotide sequences are translated into amino acid sequences to
synthesize proteins. However, eukaryotic genes contain the regions which are excised from RNA before
translation. The regions are called intron. Introns do not contain the information for proteins but the
number of introns per gene increases with evolution. This suggests that intron may have advantages in
biological functions. However, the functions of introns is not fully understood.

One of the functions of introns to increase the amounts of proteins encoded by the genes with introns,
which is called Intron-mediated enhancement (IME). IME is conserved in many eukaryotic organisms,
from yeast to humans indicating that IME has important role in gene expression in eukaryotes. For
example, in mammalian and plant cells, IME was reported to be involved in cell differentiation. In addition,
application of IME for mass production of proteins is a promising way to expand the use of recombinant
proteins in industrial and medical fields.

IME has been analyzed in various genes and organisms, and reported that the enhanced levels were
affected by protein coding sequences (CDS) and intron sequences. Therefore, expression of not all genes
are enhanced by introns. However, analysis of CDSs affecting IME levels have not been conducted,
because deletions and mutations of CDSs will disrupt protein structures. Analysis of the intron sequences
essential for IME were performed using some introns in plants. However, the results were inconsistent,
and intron sequences essential for IME have not yet been identified. These difficulties might be due to
unclear branch point site (BPS) in plant introns. In this study, enhanced expression of some CDSs were
analyzed in the yeast Saccharomyces cerevisiae. to identify essential sequences within CDSs and introns
for IME

In chapter 1, the essential sequences for IME in CDSs were analyzed. In S. cerevisiae, we found
special pairs of CDSs. In each pair, two CDSs encode a same amino acid sequence but the nucleotide
sequences were different, and IME was observed in one CDS (IME-sensitive CDS) but not in the other
CDS (IME-insensitive CDS). Therefore, we could analyze the essential sequence by constructing chimera
genes consisting of the CDSs in a pair. As a result, in most cases, the expression levels enhanced by an
intron were similar to that of the IME-insensitive CDSs without intron. In other words, IME is not simple
enhancement but relief of nucleotide sequence-dependent repression by the presence of introns. In
additions, detailed chimeric-gene analysis revealed that promoter-proximal 4-nucleotides sequences
(TCTT) cause the repression and it leads to IME.

In chapter 2, the essential sequences in introns for IME were analyzed. In addition, the relationship

between splicing and IME was investigated. Among the introns in S. cerevisiae, the sequences of 5’
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splice site (5'-SS), BPS, and 3'-SS, which are essential for splicing, are highly conserved, and can be

clearly distinguished in the intron sequences. Therefore, mutagenesis to determine the sequence
essential for IME could be conducted without unintended mutations that prevent splicing. We analyzed
the effects of mutations and deletions using an intron located in the 5’-untranslated region for luciferase
expression. As a result, we revealed that 5-SS and BPS were essential for IME. In contrast, the role of
3’-SS in IME was minor compared to 5°-SS and BPS. In addition, the sequence between BPS and 3'-SS
also had minor effect on IME. Furthermore, when the sequence between 5-SS and BPS was completely,
deleted, IME was observed but was not spliced, indicating that splicing is not essential for IME.

In this study, not only to identify the essential DNA sequences for IME but also proposed the new|
hypothesis that IME is not simple enhancement but the relief of the repression and revealed that IME and
splicing are independent functions. These finding may be basis for future IME study to understand the
mechanism and one of the reasons for the presence of introns in eukaryotes. Furthermore, the finding
that TCTT is a repression sequence and intron can relieve the repression will be apply to gene design to

express target proteins in S. cerevisiae
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