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Fig. 1. Schematic diagram of STED: (a) Diagram of energy level for stimulated emission depletion; (b) schematic diagram of STED

light spot.
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(a) #REF 1 092454 (b) #RET 1(H ) R 2(206) MBOR IS (o) HEF 1L (W) Fi2 (&
1) B R E; (d) TREF 1 IR i () F 2 R SHE (ZL6) X 1L

Fig. 2. Chemical structure and spectra characterization of target probe: (a) Chemical structure of probe 1; (b) excitation spectra of

probel (blue)and 2 (red); (c) emission spectra of probel (blue) and 2 (red); (d) excitation spectrum of probe 1 (blue) and emission

spectrum of probe 2 (red).
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Fig. 3. Confocal images of HeLa cells labeled with probe

FHAREE 1 FEREE 2 FRIC 10 HeLa 20 Mo B9 3 58 48 B34
(a) BEF 1P ALE; (b) 5

1 and probe 2. Scale bar is 10 pm: (a) Confocal image of
HeLa cells labeled with probe 1; (b) confocal image of HeLa
cells labeled with probe2.
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Fig. 4. Co-localization images of Hela cells treated with Mi-
to Tracker Green FM and Probe 2. Scale bar is 10 pm:
(a) Image of Mito Tracker Green FM; (b) image of probe 2;

(c) overlay of image (a) and (b).
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Fig. 5. Cell images illuminated by light of different
wavelengths: (a) Illuminated by light of 561 nm; (b) illu-
minated by light of 660 nm; (c) illuminated by light of
775 nm.
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Study on a novel probe for stimulated emission depletion
Super-resolution Imaging of Mitochondria®
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Abstract

Optical microscopy has the advantages of real-time, non-invasive, tomography, three-dimensional imaging
and living imaging. However, its spatial resolution cannot exceed half wavelength due to the existence of optical
diffraction limit, which limits the development of optical microscopy. The primary task of super-resolution
imaging is to break the diffraction limit and improve the resolution of optical microscopy for study of
subcellular structure. Many kinds of super-resolution imaging technologies have been reported, among which the
stimulated emission depletion (STED) microscopy is the earliest imaging technology to break the optical
diffraction limit at present. STED microscopy can achieve nanometer-scale spatial resolution by breaking the
optical diffraction limit with pure optical methods and a clever optical design. However, the application of
STED microscopy in biomedicine, especially in live cell imaging is limited by high illumination power of STED
light. In this paper, a new type of STED probe has been developed. The spectral analysis results show that the
peak of the excitation and emission spectrum of this probe is as far as 122 nm away from each other, which is
very suitable for the study of STED super-resolution because of its long stokes redshift. After colocalization
with commercial mitochondrial dyes, it was found that the probe had a higher localization coefficient with
commercial dyes and could be well positioned on mitochondrial organelles. At the same time, it was found that
strong mitochondrial signal could be detected with low-power excitation light (only 1 pW in the experiment),
and can get higher resolution of 62 nm under the STED light with 39.5 mW. The result of measuring the
transverse resolution obtained by STED light under different power shows that the saturated light power of the
probe is 3.5 mW (1.1 MW-cm 2). Through the anti-bleaching testing, the probe still has a strong fluorescence
intensity after more than 300 times of high power light irradiation, which indicates that the probe has a strong
anti-bleaching property. Through a series of tests, this paper present a novel STED probe which has good
mitochondrial targeting, excellent photobleaching-resistance, high resolution and low saturation power, which

provides a new research tool for long-term live cell mitochondrial super-resolution imaging.

Keywords: stimulated emission depletion microscopy, super-resolution imaging, fluorescent probe,
mitochondria, living cell imaging
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