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Abstract

Abstract

Mitochondria play a central role in the regulation of energy metabolism and
signal transduction in eukaryotic cells. Besides, mitochondria are highly dynamic
organelles that continually undergo fusion and fission. Mitochondrial dynamics
actively contributes to a lot of cellular activities, such as cell metabolism, mitophagy
and apoptosis, and dysfunction of which will lead to several human diseases,
including neurodegenerative diseases, cardiovascular disease and cancers. As a result,
developing a quantitative method for the rapid measurement of mitochondrial fusion
is urgently needed. The techniques commonly used for mitochondrial fusion study are
confocal microscopy and transmission electron microscopy (TEM), both of which are
of low-throughput and limited quantification capability. A sensitive, high-throughput,
and quantitative method for mitochondrial fusion measurement at the
single-mitochondrion level is in high demand.

By combining Rayleigh scattering with strategies for single-molecule
fluorescence detection in a sheathed flow, our laboratory have developed a high
sensitivity flow cytometer (HSFCM) which can achieves real-time light-scattering
and multicolor fluorescence detection of single mitochondrion at a throughput of up to
10000 particles per minute. Employing the unique advantage of HSFCM in the
sensitive, rapid, and guantitative multiparameter analysis of individual mitochondria,
here, we aim to develop a high-throughput method for the quantitative measurement
of mitochondrial fusion via the integration of mitochondria labeling with transfected
plasmid. The applications of the as-developed method in the relationship study
between mitochondrial fusion and the mitochondrial membrane potential and redox
homeostasis have been conducted. The first chapter introduces the mechanisms and
significance of mitochondrial fusion and fission, along with their relationship with

human diseases. The conventional methods for mitochondrial fusion measurement are
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described and technology of high sensitivity flow cytometry is introduced. The

experimental parts contents of this dissertation are summarized as follows:

1. High-throughput assessment of mitochondrial fluorescence labeling at the
single-particle level. Plasmid encoding mitochondrial-targeted fluorescent
proteins, pACGFP1-Mito and pDsRed2-Mito, were transiently transfected to HelLa
cells, respectively. Stable transfection was achieved by G418 selection. The strong
fluorescence intensity and good labeling stability make stable transfection an
excellent method to label mitochondria stably (Chapter 2).

2. Development of high-throughput quantitative method for mitochondrial fusion
measurement in vitro. Mitochondria isolated from Hela cells with stable
transfection of pAcGFP1-Mito or pDsRed2-Mito plasmid were mixed at equal
concentration. The HSFCM was used to analyze the sample, and the side scatter,
green fluorescence, and red fluorescence of individual mitochondria were
measured simultaneously. The event with concomitant detection of both the green
and red fluorescence signals was identified to be a fused mitochondrion. The
fusion condition and the HSFCM detection condition were optimized.
Mitochondrial fusion buffer was used to promote mitochondrial fusion and the
fusion efficiency was measured to around 22~23%. These results agreed well with
the literature reports. On the other hand, we observed the structure of intermediate
state by using TEM measurement. Compared with TEM measurement, the
HSFCM exhibits unique advantages in the rapid and quantitative measurement of
mitochondrial fusion (Chapter 3).

3. Applications of the as-developed HSFCM method for the quantitative
measurement of mitochondrial fusion in vitro. The relationships of the fusion
efficiency and mitochondrial membrane potential or redox homeostasis were
studied. Results show that mitochondrial membrane potential is essential for
mitochondrial fusion, and oxidants effectively induce mitochondrial fusion
whereas antioxidants inhibit mitochondrial fusion (Chapter 4).

4. Due to the essential roles of mitochondrial dynamics in cellular activities, in the

future we hope to apply the as-developed HSFCM method for the quantitative
v
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measurement of mitochondrial fusion to study other factors involved in the
regulation of mitochondrial fusion. Prospects on the future development are

discussed in the end of this dissertation (Chapter 5).

Keywords: high sensitivity flow cytometry; single mitochondrial analysis; stable

transfection; mitochondrial fusion
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