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Seeing molecular vibrations: optical imaging of small molecules for biology and medicine
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Fluorescence is the most popular contrast mechanism employed in modern optical imaging. A number of versatile
fluorescence-based techniques, such as single-molecule spectroscopy, two-photon excited fluorescence
microscopy and super-resolution imaging, have flourished and transformed the way modern life sciences are
conducted. However, fluorescence imaging faces fundamental limitations for studying the vast number of small
bio-molecules such as metabolites (e.g., amino acids, nucleic acid, fatty acids and glucose), secondary messengers,
neurotransmitters and drugs.
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Figure. SRS imaging of de novo synthesis of DNA, RNA, proteomes, phospholipids and

species inside living cells triglycerides. respectively, through metabolic incorporation of alkyne-tagged
represents a grand challenge. deoxyribonucleoside (EdU), ribonucleoside (EU), amino acid (Hpg). choline
Novel imaging techniques that (propargylcheline) and fatty acid (17-octadecynoie acid) into live mammalian cells [1].

accomplish this goal would

enable researchers the unprecedented ability to map out distributions and to follow dynamics of a wide variety of
important small bio-molecules, transforming our ability to study biochemistry and biophysics in living systems. To
address this challenge, we have developed a novel optical imaging platform by coupling the emerging stimulated
Raman scattering (SRS) microscopy, which is capable of producing concentration maps of chemical bonds in
biological samples, with three distinct classes of small vibrational tags with characteristic Raman transitions,
including alkyne moieties (i.e., C [ICtriple bond, Figure),
targeting these vibrational tags, SRS microscopy is well suited for probing in vivo metabolic dynamics of small bio-
molecules which cannot be labeled by bulky fluorophores [1-5]. Physical principle of the SRS microscopy and
emerging biomedical applications such as imaging lipid metabolism, protein synthesis, DNA replication, protein
degradation, RNA synthesis, glucose uptake, drug tracking and tumor metabolism [1-5] will be presented.
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