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Visualizing the cellular world

Our planet is comprised of continents 

and islands, each with unique cultures and 

resources. One area may be well known for 

growing food, another for manufacturing 

building materials, and yet despite their 

differences and distance from one another, 

the regions are linked by global processes. 

Living cells are built on a similar concept. 

For example, one part of the cell produces 

fuel that powers life, and another part 

makes the simple building blocks that  

are then assembled into complex struc-

tures inside the cell. To fully understand 

cells, we need to characterize the struc-

tures that make them up, and to identify 

their contents.

Thanks to advanced imaging tech- 

nologies, scientists have examined many 

different components of cells, and some 

current approaches can even map the 

structure of these molecules down to each 

atom. However, getting a glimpse of how 

all these parts move, change, and interact 

within a dynamic, living cell has always 

been a grander challenge.

Merits of soft x-ray tomography

Over the last several decades, the 

scientific community has unveiled features 

of cell structure and function using a 

combination of imaging and biochemical 

experiments. However, limitations in tradi-

tional methods present challenges for 

quantifying rearrangements and interac-

tions within specific areas inside the cells.

At ALS Beamline 2.1, a team is making 

waves with a new approach to whole-cell 

visualization, using the world’s first soft 

x-ray tomography (SXT) microscope built 

for biological and biomedical research. 

SXT is uniquely suited to imaging whole 

cells without alterations from stains or 

added tagging molecules, as is the case  

for fluorescence imaging, and without 

chemically fixing and sectioning them, 

which is necessary for traditional  

electron microscopy.

The ability to analyze intact, near- 

native-state cells with high throughput 

allows multiple conditions to be tracked  

in 3D over time, providing spatially and 

temporally extended views of integrated 

cellular responses. Additionally, SXT allows 

for comparing the molecular densities of 

organelles before and after drug stimula-

tion, adding new insights into how drugs 

alter cell function. Using this approach, 

researchers can directly observe how 

specific components within a cell respond 

to stimuli rather than inferring an interac-

tion from biochemical measurements.

Scientific 
Achievement
Researchers used soft x-ray tomog-
raphy at the Advanced Light Source 
(ALS) to gain a 3D whole-cell view of 
how insulin-producing pancreatic 
cells react upon exposure to glucose 
and a diabetes drug.

Significance  
and Impact
The approach enables direct quanti-
fication of intracellular responses 
before, during, and after cell stimula-
tion, providing new insights into how 
drugs alter cell function.

Artistic illustration depicting a pancreatic cell (upper left) along with three other magnified  

representations of specific neighborhoods within a cell. (Credit: Katya Kadyshevskaya/USC)



Stimulating insulin secretion

In this study, the team used SXT to 

reveal never-before-seen details about 

insulin secretion in pancreatic cells (beta 

cells) taken from rats—before, during, and 

after exposure to differing levels of 

glucose and a common diabetes drug. In 

rats and other mammals, beta cells 

respond to rising blood glucose levels by 

releasing insulin, a hormone that regulates 

glucose metabolism throughout the body. 

The researchers found that stimulating 

beta cells induced rapid changes in the 

numbers and molecular densities of insulin 

vesicles—the membrane “envelopes” in 

which insulin is stored after production. 

This was surprising at first, because  

they expected to see fewer vesicles  

during secretion, when they are emptied 

outside the cell. But what they observed 

was a rapid maturation of existing imma-

ture vesicles.

The results not only open the door to 

the development of improved drugs with 

fewer side effects, they also represent  

an important first step toward integrating 

our knowledge of biology at the molecular 

and cellular levels, bridging the long-

standing gap between structural biology 

and physiology.
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Left: SXT cross section depicting the whole-cell architecture of a pancreatic beta cell. Callouts show 

electron tomograms of subcellular environments in the periphery and center of the cell. Right: 3D 

model of a beta cell from SXT data. Green = nucleus, blue = insulin vesicles, and yellow = core of 

insulin vesicles. The mesh of each structure is textured with lipids, and the two insets on the right 

depict the atomic details of protein packing. The black window is a rendering of the vesicle mask used 

to generate the model. (Credit: Ludovic Autin and Arthur J. Olson)
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