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Application and Prospect of Polyyne Rainbow Probes in Biological Research
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('National Engineering Research Center of Tree Breeding and Ecological Restoration, Beijing Forestry University,
Beijing 100083, China; *Institute of Tree and Genome Editing, Beijing Forestry University, Beijing 100083, China,
*College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China)

Abstract Carbow (carbon rainbow) is a super-multiplexed Raman probe based on polyyne scaffolds, which
can distinguish more than twenty kinds of rainbow probe molecules with different vibrational frequencies through SRS
(stimulated Raman scattering) microscopy. Using the specific modification of probe molecules, Carbow can simulta-
neously image multiple organelles within living cells, as well as macromolecules such as proteins and lipids. The high
photostability and low cytotoxicity of polyacetylene molecules combined with multi-channel optical detection of SRS
will enable Carbow to have great application potential in the biological field. This article reviews the Raman labeling
technology based on the SRS platform and the design synthesis principles and advantages of Carbow. Furthermore,
the article summarizes the biological applications of Carbow for the specific labeling imaging of different organelles
in living cells, cell and tissue immune-labeling, cell sorting and high-throughput analysis. Finally, the improvement of
Raman labeling technology and its application in the field of plant science are prospected.
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Table 1 Comparison of different Raman probe labeling methods based on SRS platform
INSWIRES NI Fric KR s A
Labeling methods Label sizes Label types Advantages Disadvantages
Label-free Image endogenous chemical bonds  Relatively poor signal, low
without the need for synthetic sensitivity and specificity
probes
Stable isotope labeling =~0.1 nm D, °C, "N Suitable for high abundance spe- Average Raman intensity,
cies without altering the biochemi-  moderate sensitivity and
cal properties of the target specificity
Triple-bond and their <l nm alkyne (C=C), diyne, nitrile ~ Strong Raman signal, suitable for Need to design synthetic
derivatives labeling (C=N) low abundance species probes to target different
subcellular structures
Super-multiplexed Raman 1-10 nm Carbow, MARS High membrane permeability and Lack of ability to track
dyes super multiplexed optical imaging target dynamics
Raman-active nanomateri- ~ >10 nm Carbow probes in polysty- Raman signal is extremely strong, Carrier size limits flex-
als rene surface functionalization, and car- ibility in practical applica-

Beads, threecolor Raman-

active polymer dots

rier of information tions
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Number of alkynes: n = 2-6
Isotope doping: '>C/3C
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A: Carbow REN L2245/ A b7 215 B: CarbowREN & A IR EE; C: Carbow -5 2K Z A AR 9K LT 1 SR 2K 205 IR R T ¥

A: the chemical structure and Raman peaks of the Carbow probes; B: the synthesis principle of the Carbow probes; C: the method for the synthesis of

polystyrene particles by Carbow and styrene material nanoparticles.

El CarbowiR$HHILF LN, RISIERE . SRIREUR SR FLEEFHRNARTESE SCHK(31]2504%)

Fig.1 Chemical structure, Raman peak intensity, synthesis principle and binding method of the Carbow probes

(modified from reference [31])
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R2 AT AEMAERRFRIC KA CarbowiREH AU FER (IRIESE SCRR[31]204%)

Table 2 Carbow probe types and chemical structures for imaging different organelle labeling (modified from reference [31])

Carbow 4 25! Pk H FUE FIf R B A4 H Ay b ) R Sl
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T 0=(O
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A B R IG . AR, 58 L e e et
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328 /N T2 6 GYREIT e Ak B 1 G €0 30300, R, ff
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