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Super-resolution microscopy applications and
development in living cell

Hu Chunguang, Zha Ridong, Ling Qiuyu, He Chengzhi, Li Qifeng, Hu Xiaodong, Hu Xiaotang
(School of Precision Instrument & Opto—Electronics Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Cell is the basic unit and functional unit of living body. The study of the internal structure and
function of living cells is one of the foundations of mastering the essence of life. Therefore, the real —
time observation of living cells is of great significance for the development of life sciences. Conventional
optical microscopy is limited by the diffraction limits and can not observe the details of biological
structures below 200 nm. In the past 20 years, with the rapid development of super —diffraction limit
optical theory, technology, devices and fluorescent probes, super—resolution microscopy has become an
important method for life science research. However, most super —resolution microscopic methods or
measurements take a long time, or are likely to cause photobleaching/phototoxicity, and are severely
limited in living cell studies. In this paper, based on the study of fast super-—resolution microscopy, the
photoactivated localization microscopy and stochastic optical reconstruction microscopy were introduced
based on single molecule localization microscopy. The stimulated emission depletion microscopy based on

fluorescence non —linear saturated light conversion and structured illumination microscopy based on
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structured light illumination was also introduced. Besides, the development and application of cell imaging

were explored. Finally, an outlook of the future development trend of super —resolution microscopy in

living cell imaging was provided.
Key words: super—resolution microscopy;

depletion microscopy;
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Fig.1 Influencing factors of living cell imaging
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Fig.2 Principle of the single molecule localization microscopy
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Fig.3 Principle of the stimulated emission depletion microscopy'*"
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Fig.4 Principle of the structured illumination microscopy
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#B/INTF 100 nm A 3 FE R

R T2 R A PRI WU O R EE | [R]
AF, Betzig WFF0/INH U HH A% J2 06 B TIOR (Lattice
Light—Sheet Microscopy), MK Lattice SIM, H:4%
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PR 22 0 DL RSO B P AR N T dn A B R
A S5 A G R REAS (8 A ) A0 B8 S 16T Ry A% 456 7 1) 24
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Fig.5 (a) Intensity distribution of ideal lattice; (b) electric field
distribution of the ideal lattice; (c) electric field
distribution of the bound lattice; (d) intensity

distribution of the sample

1103002-7



9Nk TAE

% 11 21

www.irla.cn

% 46 %

HE B S 1 5 3 R R IR A 5 5o 2, A 2 Iy
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15 Bh F 2kt e n] JF 28 6 8 H Skylan—-NS , X 7 41
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Lattice SIM 54, fii F75 75 S b 6300 I3 & W]
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for Imaging of Nanoscale Topography Microscopy)
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Tab.1 Main advantages and disadvantages of different technologies

PALM STORM STED SIM
Resolution(live samples)/nm <30 20-70 10-100
Imaging depth/pm Typically<10 Typically<10 Typically<100 Typically<30
Imaging speed Slow Medium Fast
Phototoxicity Moderate to high Low to moderate Moderate to high Low to moderate

Suitable florophores

Endogenous No

Photostable fluorophores Photostable fluorophores Photostable fluorophores Typically all common fluorophores

Yes Yes

5 Z5RIE

P10 4F K B B H AR 9 K R R B B
FOR W 7O AR P AT AR B, A% 4 0 iR
SRR T 10~20 15, SCBL T £ = 4E A 41
PLF) T AR, 8 A B2 SIS 5 40 L A R 45 4
IR AR A i b B A% T BB, S ahe T LR
5 B UGB AR I AR S, LA A 3 40 M
150 £ 2 TR 0 X305 20 i % B 8 43 R A4 A
T A, H UG S ST 21, i H s 1] 43 3%

AR T [ R R A AR, LI [R) 43 B [F RE LA
1, S FTA I B G B TP SOCIR B SO P B
BT AR GE RN ) R | S PR X i Rk A D T
PEA R T B UR B B I 25 73 BEAR A S e, (A5 52
P 30y 285 SOL 00 5 200 i P 0 45 g LA B 2 i 45 2 O B
S, A 73 AR B AAE LR W T A Hp A o P e
B IR A i GO TR AR TR IR A
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