
 

Innovative microscopy technique reveals
secrets of lipid synthesis inside cells
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The cover artwork for the paper visually represents the cellular process wherein
fatty acids undergo synthesis into neutral lipids through various enzymes. Credit: 
Chemical Science (2023). DOI: 10.1039/D3SC04705A

1/6



 

South Korean researchers led by Director Cho Minhaeng at the IBS
Center for Molecular Spectroscopy and Dynamics (IBS CMSD) have
made a pivotal discovery in the field of cellular microscopy. The team
has successfully developed two-color infrared photothermal microscopy
(2C-IPM), a novel technology designed to investigate neutral lipids
within lipid droplets of living cells.

This new microscopy can be used with isotope labeling, which allows for
the detailed monitoring of neutral lipid synthesis within individual lipid
droplets. The study is published in the journal Chemical Science.

Lipid droplets (LDs) are structures that consist of pockets of neutral
lipids (triglycerides) encapsulated in a monolayer of phospholipids. They
have long been characterized as relatively uninteresting organelles whose
only purpose is to store excess energy in the form of neutral lipids.
However, recent studies indicate these droplets actually are dynamic
players in various cellular metabolic activities.

It was discovered that they are actively involved in regulating lipid
toxicity and cell communication, and that they are correlated with
prevalent diseases such as obesity and non-alcoholic fatty liver disease.
Understanding the functions of LDs is thus imperative for the diagnosis
and treatment of these conditions.
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Two-color infrared photothermal imaging (IPI) measurements of U2OS cells
cultured and exposed to palmitic acid (PA) and its deuterated analog (PA-d31).
(A) Two-color IP images of fixed U2OS cells cultured in different growth media
(250 µM PA, 250 µM PA-d31, and standard medium) for 24 hours. The green
and red false colors indicate IPI contrasts of 2,855 cm-1 and 2,193 cm-1,
respectively. Each scale bar indicates a length of 20 μm. (B) Representative IP
spectra of LDs are observed in Figure 3A at two different spectral regions. The
images and corresponding spectra demonstrate the capability of 2C-IPM to
measure the spatial distribution of LDs and distinguish inherent and newly
synthesized neutral lipids. Credit: Chemical Science (2023). DOI:
10.1039/D3SC04705A

Researchers have traditionally stained the cells with lipophilic dyes and
employed fluorescence microscopy to study LDs within cells. However,
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this method has several significant limitations. First is photobleaching of
the dyes, which restricts the observation duration of the LDs to very
short time windows.

Another limitation is the fluorescent dyes themselves. The currently used
fluorescent dyes simply target the hydrophobic environment within LDs,
utilizing unspecified binding mechanisms. As such, they are incapable of
accurately analyzing the composition and quantity of neutral lipids.

Unlike previous methods that relied on fluorescent microscopy, the new
2C-IPM technology uses an infrared (IR) spectroscopic method and does
not require the use of fluorescent dyes. The new method monitors
neutral lipids within LDs directly by detecting changes in IR absorbance.
Importantly, this advantage allows researchers to observe the synthesis of
neutral lipids within individual LDs in living cells over a long period.

Employing the newly developed method, the research team studied the
synthesis of neutral lipids in cells when they were exposed to excess fatty
acids. The researchers were able to distinguish freshly synthesized
neutral lipids from pre-existing neutral lipids within cells by subjecting
deuterium-labeled fatty acids, which have distinct spectroscopic
properties from non-deuterated forms. The analysis results verified that
excess fatty acids cause lipid toxicity, and cells respond by increasing the
synthesis of neutral lipids.
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Investigation of the LDs with time. Two-color (excitation: 2,193 cm-1 and 2,855
cm-1) IP images of fixed U2OS cells were measured at different time points after
PA-d31 administration. PA-d31 treatment times were indicated in the upper left
corner of each image. The color scheme is the same as in Figure 2A. Each scale
bar indicates a length of 20 μm. Corresponding IP spectra of LDs were also
measured. The y-axis scales in the two regions (2,030 cm-1 to 2,230 cm-1 and
2,750 cm-1 to 2,950 cm-1) are adjusted differently to enhance clarity. The images
and corresponding spectra demonstrate the capability of 2C-IPM to analyze the
mole fractions of inherent and newly synthesized neutral lipids in time. Credit: 
Chemical Science (2023). DOI: 10.1039/D3SC04705A

The lead author, researcher Park Chanjong, remarked, "This study
serves as a fundamental example demonstrating the possibility of long-
term research on lipid droplets and internal neutral lipids in living cells.
The analytical method established in this research can be applied to the
diagnosis and treatment of diseases closely associated with lipid
metabolism, such as non-alcoholic fatty liver disease."
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Director Cho Minhaeng commented, "By successfully observing the
process of neutral lipid synthesis in living cells, we have laid a new
foundation for studying the functions of lipid droplets within cells at the
molecular level. This method is expected to be widely used in the
investigation of various cellular metabolic phenomena."

  More information: Chanjong Park et al, Monitoring the synthesis of
neutral lipids in lipid droplets of living human cancer cells using two-
color infrared photothermal microscopy, Chemical Science (2023). DOI:
10.1039/D3SC04705A
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