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A proton distribution in the vicinity of mitochondria attracts interest due to its influence
to a necrotic cell death. Mitochondria produce adenosine triphosphate, ATP using a proton
concentration gradient generated across the inner membrane. Therefore, the pH distribution near the
mitochondria changes from time to time. However, when the mitochondria is exposed to physical
or chemical stress, the proton concentration gradient disappears and ATP can not be produced,
resulting in necrotic cell death, This process is considered as a part of the reason for necrotic cell
death. Therefore, it is expected to clarify the mechanism of necrotic cell death by measuring the pH
distribution in the vicinity of mitochondria. However, since there is a limit to the spatial resolution
of the conventional microscope, it is very difficult to accurately measure the pH value in the
vicinity of the mitochondria.

In this study, we propose pH measurement method based on two-photon fluorescence
excitation of a dual wavelength pH sensitive dye and scanning near-field optical microscopy
(SNOM) to improve spatial resolution and to avoid reabsorption. In this method, two-photon
absorption is generated using a femtosecond pulsed laser, and fluorescence at 580 nm and 650 nm
is emitted by locally exciting the dye. The fluorescent signals are collected by a near-field probe of
SNOM. Fluorescent signals of each wavelength are separately detected by a cooled photomultiplier,
and the fluorescence intensity ratio (FIR=I 580 nm / I 650 nm) is calcufated as an index of pH




value. As a result of obfaining the pH calibration curve using this proposed method, the good
correlation coefficients of 0.984 and 0.993 were obtained for two photon and data sheet, and two
photons and one photon, respectively. Then, a time resolution of 0.1 sec in pH change was
measured by the time response to the addition of acid. In addition, mitochondrial activity was
observed by pH change at three different mitochondrial concentrations.

Next, a multi-probe system with two near-field probes was proposed to evaluate the
difference in the activity between a single mitochondrion and mitochondrial aggregation. First, we
measured the FIR at the different pH value from 5.0-8.5 and prepared a calibration curve of
pH-FIR. The FIR dynamic responses were then measured by dropping hydrochloric acid (HCI) into
the buffer solution. As a result, we can simultaneously measure the pH changes at two different
points in the SNARF-4F solution by the measurement system. Therefore, it is possible to measure
the pH change in the near-field region of mitochondria and to measure the activity difference
between single mitochondrion and mitochondrial aggregation. In addition, mitochondrial samples
were prepared using optical tweezers and mitochondrial activity was evaluated by the two
near-field probes detection system. As a result, it was concluded that the pH change of
mitochondria depends on the number of mitochondrial individuals by clarifying the change in pH of
mitochondria after addition of nutrient substrate.
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