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Scientific Literacy 1: Background Essay

Adaptation underlies vertebrate survival and entails coordinated physiological responses at
every level from the molecular to the organ. Study of these events in model animals such as the
Burmese python illustrates how vertebrates remodel, regulate, and attain internal balance when
confronted with extreme metabolic transitions. Three features in particular illustrate this plasticity:
intestinal plasticity, endocrine regulation of mineral balance, and cellular analysis using electron

microscopy and energy-dispersive X-ray spectroscopy (EDX).

Intestinal plasticity is the reversible ability of digestive tissues to reshape themselves
according to nutritional status. In Burmese pythons, long periods without food cause the
metabolism to slow down and the intestinal lining to shrink as a way to save energy. Once the snake
eats again, the intestinal cells quickly begin dividing, the microvilli lengthen, and both enzyme
activity and the sodium-glucose transporter (SGLT1) rise sharply (Secor, 2008; Cox & Secor, 2008).
These changes occur within approximately one day and accompany increased blood flow to the
intestines and an increase in mitochondria within the cells. This flexibility allows ambush predators
to save energy during fasting but still digest large meals efficiently—a highly specialized adaptation

to their feeding style (Secor, 2008).

Homeostasis in vertebrates requires calcium and phosphorus to be kept in balance. To
support bones, nerves, and muscles, proper levels of these ions are maintained by two hormones:
calcitonin and parathyroid hormone (PTH). When blood calcium is low, PTH is released from the
parathyroid glands. This, in turn, extracts calcium from bones and activates an enzyme in the
kidneys known as 1a-hydroxylase, which helps to produce calcitriol, a type of vitamin D that
increases calcium absorption in the intestines and promotes phosphate excretion (Shaker et al.,
2023). In contrast, calcitonin is made by the thyroid and slows bone breakdown, helping to keep

calcium stored (Wu et al,, 2020). Together, these hormones form a feedback system that maintains



stable calcium levels and prevents mineral imbalance. Reptiles like pythons use the same hormonal

system to replace minerals used for bone and tissue repair after eating (Shaker et al., 2023).

At the cellular level, electron microscopy (EM) and EDX analysis provide complementary
information on tissue structure and composition. Transmission electron microscopy (TEM) can
show extremely fine details, such as mitochondrial folds or the shape of microvilli, while scanning
electron microscopy (SEM) provides three-dimensional views of surface features. Paired with EDX,
which identifies elements based on their emission peaks—for example, the 3.69 keV calcium Ka
peak—these techniques allow researchers to measure how minerals are distributed across specific
areas (Scimeca et al,, 2018). In physiological research, EM and EDX are often applied to study
regenerating tissues, including the python intestine, revealing how changes in structure correspond
to shifts in elemental composition and energy use (Secor, 2008; Scimeca et al., 2018). This

demonstrates how form and function work together during tissue repair.

Together, intestinal plasticity, endocrine homeostasis, and microscopic composition
analysis reveal the integrated nature of vertebrate physiology. The Burmese python’s ability for fast
renewal of its intestine—regulated by tight mineral balance and observable through advanced
imaging methods—is a testament to biological resilience of the highest order. Investigation of these
systems deepens our understanding of how living organisms maintain stability through change, a

fundamental principle of cell biology and ecological physiology.
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Scientific Literacy 2: Data Analysis

The research on Burmese pythons focuses on a small group of intestinal cells that change
their appearance depending on what the snake eats (Lignot et al., 2025). The figures show how
these cells and their apical crypts look under four conditions: fasting, eating whole prey with bone,
eating boneless prey, and eating boneless prey with added calcium. The same cell type appears
under every condition, but the crypt contents follow a predictable pattern that reflects the diet.

During fasting, the intestine looks reduced and not very active. The epithelial cells are
narrow, the microvilli are short, and the surface has a low, compact shape. The crypts show up as
small openings along the surface and the cytoplasm inside them looks darker than what surrounds
them (Fig. 1A-C). Nothing is stored in these crypts. After eating whole prey, the intestine looks
fuller. The enterocytes become taller, they hold many lipid droplets, and the microvilli extend
upward (Fig. 1D). The crypt-bearing cells do not follow this pattern. They stay thin, never contain
lipids, and each crypt holds a single dense particle (Fig. 1D-E). When the snakes are fed boneless
prey, the intestine still expands in the usual post-feeding way, but the crypts no longer have those
larger particles. Instead, they contain small dark electron-dense spots without any clear or layered
structure (Fig. 4A-B,E-F). When calcium carbonate is added back into the boneless prey, the larger
particles return, and nearly every crypt contains one similar to what is seen in the whole-prey
group (Fig. 5A-B).

Electron microscopy shows that the particles from whole-prey snakes have layers inside
them, with a dense central region and rings around it (Fig. 2A). Calcium staining marks these
structures at the villus tips, confirming that they contain calcium (Fig. 2B). They also do not stain
for peroxidase, which sets these cells apart from the usual absorptive or secretory cells found in the
intestine (Fig. 2C). EDX measurements taken directly on the particles show calcium and phosphorus

through most of the structure, with iron building up near the narrow apical end (Fig. 3A,E). This



arrangement suggests that iron collects first and the calcium-phosphorus layers accumulate
afterward.

Snakes fed boneless prey do not form these larger particles. Their crypts contain only small
dark electron-dense spots (Fig. 4E-F). EDX confirms that calcium is almost absent in this group (Fig.
4C-D), which matches the diet since no bones are eaten. When calcium carbonate is added to the
boneless prey, the particles return. Their elemental makeup looks the same as the particles seen in
normally fed snakes, with calcium and phosphorus in the main body and iron near the apical end
(Fig. 5C-D). These findings indicate that the cells build these particles themselves and use whatever
calcium and phosphorus is available from the diet.

The blood measurements show how these intestinal changes relate to overall calcium
control in the snake. Fasting snakes and whole-prey snakes maintain similar blood calcium, and
calcitonin and PTH stay within a narrow range (Fig. 6A-C). Even though one group is not eating and
the other has just digested a heavy mineral load, the circulating calcium does not shift much. Snakes
fed repeated boneless meals show a different trend. Their calcium levels rise slightly early in the
series of meals, then fall after several more low-calcium feedings (Fig. 6A). Calcitonin stays about
the same in all groups (Fig. 6B). PTH increases sharply after the fourth and fifth boneless meals
(Fig. 6C), which fits with its usual role of helping keep calcium levels from falling too low by
drawing calcium from bone and supporting absorption in the gut.

Determining whether these crypt-bearing cells form a separate cell type depends more on
how they behave than on any single marker. They stay narrow under all feeding conditions, never
hold lipid droplets, and have short microvilli that do not lengthen after feeding. The crypts either
stay empty, hold iron-dense spots, or contain large layered particles, depending on the diet. Vesicles
appear near the crypt area, which points toward material being transported into the crypt rather
than simple storage. These traits separate them from the neighboring enterocytes. The study uses

only a small number of animals, and the authors did not present molecular markers, so some



uncertainty remains. Still, the repeated behavior of these cells suggests they help remove excess
calcium and phosphorus after the snake digests bone.

Across the figures, the changes in diet match the changes in crypt structure, particle
contents, and hormone levels (Lignot et al., 2025). These crypt-bearing cells may give the intestine
a way to manage the heavy mineral load that comes with eating whole prey. Similar cells might
exist in other species that swallow prey whole, though they may not have been identified yet.
Further research would be needed to know how often this kind of cell appears in other animals and

how it developed.
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