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In this research, we perform the PI polyamide based drug development to use maternal inherited
mitochondrial disease and the identification of novel causative gene of all mitochondrial disease.
Furthermore, we will develop the registry system of mitochondrial disease which leads to global mito-

registry.

Development of PI polyamide

PI polyamide (PIP) is a small molecule compound conceived from natural antibiotics produced by
certain bacteria and binds to the minor groove of DNA without specific delivery systems. Therefore,
we thought that mitochondrial DNA (mtDNA) is possible target from the viewpoint of intracellular
DNA. In this study, PIP was synthesized against mtDNA 3243 A> G, which is known as causative
mtDNA mutation of MELAS, and aimed at suppressing the replication of the mutant mtDNA. PIP2-
FITC, fluorescent labeled PIP (PIP2) was prepared and the fluorescence was observed in mitochondria
for 24 hours after administration to cybrid containing mt3243A>G mutant mtDNA, but was not
observed after 48 hours. For sustained drug delivery to mitochondria, a tryphenylphosphonium (TPP)
cation was bound with PIP2 (PIP2-TPP). The PIP2-TPP was administrated to cybrid containing
mt3243A>G (55%) for 40-60 days. There was a tendency that PIP2-TPP treatment reduced the
amount of the mutant mtDNA and increased the normal mtDNA amount in a concentration-
dependent manner. We also initiated introduction of high concentration of PIP2 into mitochondria by
means of a newly developed delivery system of the Mito-porter collaborating with Hokkaido
University, and introduction of PIP-TPP linker for increasing the chance to bind mtDNA. We believe
these improvements should overcome problems of short retention in mitochondria and less chance to
bind mitochondrial DNA and subsequently introduce the efficient suppressive effect of mutant
mitochondrial DNA replication.

Furthermore, challenging trials to improve the target mutant sequence recognition by structural

modifications of the PIP is underway.

Identification of novel causative gene of mitochondrial disorders & investigation of molecular

pathogenesis
In order to advance the genetic diagnosis of mitochondrial disorders using whole exome sequencing,
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we worked hard to biochemically and clinically diagnose new patients as mitochondrial disorders. We
isolated DNA from old stored tissue samples. Finally, we perform whole exome sequencing of samples
from 20 individuals with mitochondrial defects. Compound heterozygosity is now ascertaining by
haplotype phasing.

The whole exome sequencing of one MTDPS patient identified homozygous frameshift mutation in

MIC13. MIC13 (also known as QIL1 or C190rf70) is a component of the MICOS complex which plays
crucial roles in the maintenance of cristae junctions at the mitochondrial inner membrane. In the
present study, we found apparent loss of protein probably due to the non-sense mediated decay. The
reduced cristae structures in mitochondria of the patient-derived fibroblasts were observed by
transmission electron microscope. The wild type cDNA of MIC13 was introduced into fibroblast cells
from the patient by lentivirus systems. Stable expression of MIC13 in fibroblasts restored
mitochondrial respiratory chain complex deficiencies. Our findings indicate that mutation in MIC13
causes mitochondrial respiratory chain complex deficiency, MTDPS and defects in cristae
organization. We presented these results at several conference. We are preparing for the submission
of the article.
For evaluating the biochemical and molecular pathogenicity of novel mtDNA variants, we generated
cybrid cell lines that carried the mtDNA of a patient with mitochondrial disorders. 14597A>G
(MTND®6) was identified as novel mtDNA variant and experiments using cybrid cells confirmed the
pathogenicity of this variant. To introduce the zebrafish model system, a Zebrafish facility suitable
for breeding and in vivo research was built.

To interpret the results of a genetic test, we held a meeting twice a month at Saitama Medical
University. Clinicians and researchers debated about the relationship between a case and candidate
gene. Furthermore, we opened progress meeting in the whole study group and exchanged opinions

about our research.
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In order to advance the genetic diagnosis of mitochondrial disorders using whole exome
sequencing, we worked hard to biochemically and clinically diagnose new patients as
mitochondrial disorders. We isolated DNA from old stored tissue samples. Finally, we perform
whole exome sequencing of samples from 20 individuals with mitochondrial defects. We are
validating prioritized variants detected in patients by Sanger sequencing and phasing compound
heterozygous variants through Sanger sequencing of family DNA samples.

The whole exome sequencing of one MTDPS patient identified homozygous frameshift mutation
in MIC15. MIC13 (also known as QIL1 or C190rf70) is a component of the MICOS complex which
plays crucial roles in the maintenance of cristae junctions at the mitochondrial inner membrane.
In the present study, we found apparent loss of protein probably due to the non-sense mediated
decay. The reduced cristae structures in mitochondria of the patient-derived fibroblasts were
observed by transmission electron microscope. The wild type cDNA of MIC13was introduced into

fibroblast cells from the patient by lentivirus systems. Stable expression of MIC131in fibroblasts
2



restored mitochondrial respiratory chain complex deficiencies. Our findings indicate that
mutation in MIC13 causes mitochondrial respiratory chain complex deficiency, MTDPS and
defects in cristae organization. We are preparing for the submission of the article.

For evaluating the biochemical and molecular pathogenicity of novel mtDNA variants, we
generated cybrid cell lines that carried the mtDNA of a patient with mitochondrial disorders.
14597A>G (MTND6) was identified as novel mtDNA variant in a case with Leigh syndrome and
experiments using cybrid cells confirmed the pathogenicity of this variant. To introduce the
Zebrafish model system, a Zebrafish facility suitable for breeding and in vivo research was built.
To interpret the results of a genetic test, we held a meeting twice a month at Saitama Medical
University. Clinicians and researchers debated about the relationship between a case and a
candidate gene. Furthermore, we opened progress meeting in the whole study group and

exchanged opinions about our research.
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