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Fig. 1 Development of fluorescence imaging technology
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Fig. 2 Principle of different super—resolution fluorescence imaging techniques
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B 3 & T STED A #L/ 4 F % #
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A A& M, 30 %% 43 F P E fer 7 B2 ( Twisted Intramolecular Charge Transfer, TICT ) b A 315 HoA & = &
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YRGS E R . JUHAE STED UG h i FH B9 BOE 88 DR i, o 7 ot ik, HELL S W iR & T
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X Y5 ' 15 0 18 R AR AL R BUS M RE R ARG . 7E STED g b, ke D e ik K5 ke i ot
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S — R UE B PF I Ay T ORI LT A B SR . fE BL SRR | HELL S WAL 78 B PHEA C3 2838 1 & 1
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FEWELERY  AE A BN AR AN T A TR R AR T YR A KA M B R o AR, 510 i 4 K ek S s S R
N7 3k P 22 ) e R R s T BRSSO AR B LY T STED A% -

K TV % JC K (C, Si, Ge 55 ) 51 A B S 2% B A rp, m] LR AR B P B 0 3k FR B i K 2088 &
600 nm A b, 3 J& B 5 TV R IR 3% 52 (00 F 3L 09 s—p BLIE A2 % L B p 8038 2 1) 9 3L R T e IR i 4%
F#LiB RE YL (Lowest Unoccupied Molecular Orbit, LUMO) . 2008 4, H X # =R R il T &5 D EEFE D P
B ekl o i R e EL A I 4T A R N R S R O R B R S R e v L T STED it . 4R,
FE L PH B 0 OF B0 LU SR BRI, 76 5 00 A2 3R vh I W 25 5 LA IR AR e o TR, 3 8 0 A8 A LA o 47
HiE A F STED % . JOHNSSON K 84l & B, ik 3L 2 FH I S5 8 A 4y F 45 6 5 R E P A IE
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S5 B XF 40 6 B S A B A6, I LK S Gt R A BE R 800 nm A FE N , 47 0 T B RE 6 40 i 45 455

B FF B YRk (AL 45 1k 35 2 FF B G kL) ) 1T G 52 0T 07 82 (Stocks shift) — & 7E 20~40 nm 3t [l P, 45 5) 1 45
RO R E, SEBES T, KLAN PB4 LI WU L fil BURGESS Kif U4 e pi i) TAE R . %
FEEA R 9 500 51 A 9~ JE ik M ] <2 48 02 A1 a0 2 11 B 0 96 5 357 0 B 3 i A R0 AN Bl HELL S
WIRBA BT T C.Si.Ge BUE O J5 7 18 AL PR YL b (8 R 41, 151 3) , 3F 3545 1T 8 ik 100 nm A 1 6 5 i 437
B (I 3) A7 &0kE o T 45 FE G B i 1 kiR

B T % PR Y RO & T R YR o T AR /N S B S A2 B TR 6 . HELL S W iR
A AT T — 25 KIWHE e i M B 1 o R 2GR (9 R 91, 18] 3) . Hidh 9-4 HA #1200 nm (397 46 55 7
M EA RO E TR, Wl A =R a0, 3 — LR m TR kR v HGE T
STED if% o 3 T A [6] B 4 45 ) 1) 8 23 98 9 56 Yo Rk 09 T8 &, o SR 38 31 37 AL B 49 9 9 O R 41 (Fluorescent
probe ) #& 4t T B £ (1 YL R} e £
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YLk Z2 B B 1 e [RBE TH TR AL YR R T & B R S SRS B s R 1 S Mk RE Y S ]
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H A, % A9 SMLM T % 40§ PALM 1 STORM. PALM i A & ) /2 i@ 33 6 3% 1k 89 2¢O & A
(Fluorescent protein) 5% 38 i), {H 4 5 A Zh 5 19 152 A ke e BR 6 0 00 F 9 5%, J5 ok i 20 i e 3 T LA ad ok A
BL/IN G- G Bk 52 B A% s T STORM 42 R A9 5288, 15 25 F /Mg DL & SAEUR M, TINNIFILED P 4§ 7£ 2005 4
HRIE ) Cys Y BHE RS A 5 52 Z R i S N MR B 4, R4S il Cy3-Cy5 43 %t 1l L % 41 i 1 47 5
Gy F R AR AR T LA B AL D% o R, X 7E B R AR BRI T STORM 4 A X 175 241 fifd v 2 28
I R AW o IS Ak /G TN MR B R O FE U YRl i B = R B L R A B AT E I TR A B AS R R
[] BF, AN W7 00 A 30O 4 B i
31 RFENESYELEM

PR GCRAE TT IR P PR TS HA = 5 M L R B, JHE v a7 58 0 R A A5 X S YRR 32 305 T LR
P Z T iR SMLM BUSR I ZoR . Rtk 78 % PRI S5 #e) B U > i 28 AL BE 1T, 16 A6 R 45 2 P off” 5]
“on” Y A, W LLSEEE PALM A% (€1 4) . HAE 1977 4F ,KNAUER K H 1 GLEITER R gt 48 7 % 75 01 it i 11
JEECE @B . 2007 45, HELL S W 453 e 4 4236 48 2% — F BRI e 1 o 75 S U X 2 FHIH B 41184
PR 7E 58 A1 XA B R W ) 6 16 AL P HH G YR TLCE ) ek o T HAA IR 0 A A& 300 26 F il (/)
T0.01%0) , 76 50 Wem “fY 55056 (375 nm) G IG AL J5 , ek 28 638 o, B~ Gkl 437 38T DIlic 4 31 900 4~
T o FIHZ S+ RS B AT 7R BB [, S8 T U373MG 4 i 3R 1 19 3D A% . SR
Ye okl i i 58 A 66T Ak, ) B Y Ak 43 7 1 K U S BEARL, BRI T R IR AN % R o B S . IR, 2014 4
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Structure and Biomedical Applications of Small Molecular
Super-resolution Fluorescent Imaging Dyes (Invited)

LI Lin, ZHANG Duoteng, QU Yunwei
(The Institute of Flexible Electronics (IFE, Future Technologies), Xiamen University, Xiamen,
Fujian 361005, China)

Abstract: In order to conduct imaging studies, researchers have developed a variety of biological imaging
techniques, such as positron emission computed tomography, magnetic resonance imaging, scanning
electron microscopy, fluorescence microscopy, etc. Among them, fluorescence imaging technology has its
unique advantages: the images are obtained by acquiring the signals of photons, which is less toxic to the
living cells and can realize real-time imaging of living cells; multi-color imaging is realized by dye staining
in different fluorescence wavelength, and molecules in cells can be observed between interactions in cells.
These advantages make fluorescence microscopy irreplaceable in the study of cell biology and pathology
research. However, constrained by the diffraction limit, the ultimate resolution of fluorescence microscopy
cannot exceed 200 nm, which does not meet the requirements for accurate observation of fine structures
such as subcellular organelles; important physiological changes such as protein—protein interactions and
subcellular organelle interactions. Diffraction limits the application of conventional fluorescence microscopy
such as confocal fluorescence microscopy. In order to solve this problem, scientists have used different
principles and methods to break the diffraction limit. The development of super-resolution fluorescence
microscopy has greatly expanded the application of fluorescence microscopy in biomedical fields.

At present, the most widely used super—resolution fluorescence microscopy mainly the following three
categories: 1) Single molecule localization imaging based on fluorescent molecular switching effect, mainly
including photoactivated localization microscopy and stochastic fluorescence reconstruction microscopy;
2) Stimulated emission depletion fluorescence microscopy based on excited state fluorescence excited loss;
3) Structured light illumination fluorescence microscopy based on cosine structured light modulated high
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frequency signal. New imaging method have put forward new requirements for the development of
fluorescent dyes. And the design and development of dyes suitable for super—resolution fluorescence
microscopy has become an important research direction. In this paper, we first briefly introduce the
principles of single molecule localization imaging technique, stimulated emission depletion imaging
technique, and structured light illumination technique, and summarize the common and special
requirements of these techniques for small molecule dyes.

Compared with conventional optical microscopy, super—resolution fluorescence microscopy employs a
higher power light source, requires a longer time to collect signals, and has more stringent spectral
requirements, thus placing higher demands on the design of dyes. Researchers have improved the
photostability and spectra of dyes by modifying their structures, using near—infrared excitation emission to
reduce photodamage; by suppressing the TICT effect of molecules and optimizing the electron
arrangement to increase the quantum yield to collect more signals; and by increasing the Stokes shift to
avoid secondary excitation of lossy light to obtain higher resolution imaging.

The photoactivation and light scintillation ability of molecules are crucial in single-molecule
localization imaging. The researchers have improved the contrast between the light and dark states of dye
molecules through photo—caging strategies, photosensitive groups and modulation of molecular stability ;
and optimized the switching ratio of light scintillation molecules by modulating the ratio of open and closed
rings of rhodamine molecules. Researchers have also developed several types of triple state quenching
groups to further reduce the damage to biological macromolecules by superoxide radicals generated by the
excitation of molecules and to reduce phototoxicity.

Finally, we look forward to the development direction of small molecule dyes and propose for novel
super-resolution fluorescent dyes/probes to achieve high membrane permeability, excellent precision
positioning ability, high brightness and stability, and low phototoxicity of dye molecules without increasing
the size of dye molecules as much as possible. This paper summarized the structural design characteristics
of organic small molecule dyes selected for different techniques with respect to the requirements of different
super—resolution imaging techniques for dye performance. It provides ideas for the development of new
dyes suitable for super-resolution imaging.

Key words: Super-resolution fluorescence imaging; Organic small molecular dyes; Photophysical
properties; Structure—activity relationships; Biomedical applications
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