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1. Introduction 
   Visualization of biomolecules in live cells plays a major 
role in advancing the field of life sciences. To this end, 
many bioimaging tools have been developed, among which 
fluorescence microscopy is most widely used. However, 
fluorescence labeling has problems with imaging small 
molecules because the larger size of the label often perturbs 
the biological activity and localization of the target small 
molecule. To detect small bioactive molecules, we use a 
small chemical tag called alkyne and detect its unique vi-
brational signature by Raman microscopy.  
 
2. Alkyne-tag Raman imaging 
   Alkyne emits a unique Raman signal in a spectrally 
silent region of the cell (1800-2700 cm-1). Since alkyne 
consists of two carbons connected by a triple bond, this tag 
is sufficiently small which has minimal influence on the 
target small molecule. As a proof-of-concept, recently we 
successfully imaged the DNA synthesis of a live cell using 
the alkyne-tagged analog of thymidine, EdU, which is eas-
ily incorporated in the DNA of the cell [1,2]. To further 
expand the utility of this technique to a wide range of small 
molecules, we studied the Raman signals of various alkynyl 
structures and came up with guidelines for tag design usa-
ble for different targets [3]. 
 
3. Results 
   Fig. 1 shows the structure-Raman intensity relation-
ships of various candidate Raman tags that are active in the 
silent region of the cell such as alkynes, nitriles, and deu-
terium. Since alkynes give the highest Raman intensities 
among the Raman tags, we investigated further the Raman 
signals from various alkynyl structures and found that al-
kynes conjugated to an aromatic ring and diynes (two al-
kynes joined together) produce the most intense Raman 
signals. Moreover, the results of the structure-Raman inten-
sity relationship studies could be used as a guideline for 
designing alkyne tags that are suitable for a particular target 
molecule.  
   Multicolor Raman imaging is also possible by choosing 
alkyne tags that are well separated in the Raman spectra for 
different targets. Figure 2 shows a multicolor Raman image 
of live cell treated with two different alkyne-tagged bioac-
tive small molecules, EdU and CoQ analogue, obtained 
simultaneously together with the image of endogenous 
protein, cytochrome c [3]. 
 

 
Figure 1. Structure-Raman intensity relationship of various can-
didate Raman tags 
 

 
Figure 2. Multicolor alkyne-tag Raman imaging of two small 
alkyne-tagged bioactive molecules (blue and green) and an en-
dogenous protein (red) within a live cell. 
 
4. Conclusions 
   Alkynyl structures especially alkynes conjugated to a 
ring and diynes were found to be the most intense Raman 
tags suitable for tagging small molecules in live cells. Mul-
ticolor Raman imaging of two alkyne-tagged bioactive 
molecules was demonstrated. 
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