Scientific Literacy Essay

Biological systems have a remarkable adaptability and precision in maintaining
homeostasis, as well as responding to environmental stimuli. This adaptability is evident
in various physiological processes, including intestinal plasticity, hormonal regulation of
calcium and phosphorus, and even in the application of advanced techniques like
electron microscopy and energy-dispersive X-ray (EDX) analysis.

Intestinal plasticity refers to the ability of the gastrointestinal tract to undergo
structural and functional changes in response to feeding and fasting cycles. In
sit-and-wait predators like the Burmese python (Python bivittatus), this plasticity is
particularly pronounced. After consuming large pray, the python's intestine will undergo
significant morphological changes, such as increased villus length and epithelial cell
proliferation, to enhance nutrient absorption. These adaptations are reversible and once
digestion is complete, the intestine regresses to its baseline state. This dynamic
response allows the snake to efficiently process large prey, while conserving energy
during fasting periods. The Burmese python’s intestine exhibits dramatic postprandial
growth to maximize nutrient absorption (Secor, 2008).

Calcium and phosphorus are essential minerals for various physiological
processes. This includes bone formation, muscle contraction, and nerve function. The
regulation of these minerals is tightly controlled by hormones such as parathyroid
hormone (PTH) and calcitonin. PTH is produced by the parathyroid glands, and
increases blood calcium levels by stimulating osteoclast activity, enhancing renal
calcium reabsorption, and promoting the activation of vitamin D, which in turn, increases
intestinal calcium absorption. Conversely, calcitonin, secreted by the thyroid gland,
lowers blood calcium levels by inhibiting osteoclast activity and promoting renal calcium
excretion. Together, these hormones maintain calcium and phosphorus homeostasis,
ensuring proper physiological function (Shaker & Deftos, 2023).

Electron microscopy (EM) is an imaging technique that allows for the
visualization of biological samples at high magnifications, that reveals structural details.
When combined with EDX analysis, EM can provide elemental composition data of a
sample. EDX detects characteristic X-rays emitted from the sample when it is
bombarded with electrons, allowing for the identification of elements present. This
combination is particularly useful in studying biological specimens, as it enables
researchers to map the distribution of elements like calcium and phosphorus within
tissues, providing insights into physiological processes such as bone mineralization and
nutrient absorption (Nitiputri, et al., 2016).

While intestinal plasticity, hormonal regulation of calcium and phosphorus, and
electron microscopy with EDX analysis may seem distinct, they are interconnected in
the broader context of biological adaptability and function. The ability of the Burmese
python's intestine to adapt to feeding and fasting cycles is supported by the regulation of



calcium and phosphorus, which are crucial for cellular function and tissue remodeling.

The application of electron microscopy and EDX analysis provides the tools necessary
to study these processes at the molecular and cellular levels, offering detailed insights
into the mechanisms underlying physiological adaptability.

The study of intestinal plasticity, hormonal regulation of calcium and phosphorus,
and the application of advanced analytical techniques like electron microscopy and EDX
analysis enhances our understanding of the complex and dynamic nature of biological
systems. These areas of research not only illuminate fundamental physiological
processes but also have implications for medical and biotechnological applications as
well. This includes developing treatments for metabolic disorders and the design of
biomaterials used in the medical field.

Transmission electron microscopy (TEM) images from the study, (Lignot et al.
2025), reveal distinct morphological changes in the intestinal crypts of Burmese pythons
under different feeding and dietary conditions. The study compared fasting snakes,
those fed whole prey, those fed boneless prey, and those fed calcium-supplemented
diets, focusing on the formation of dense “spheroidal”’ particles within crypt epithelial
cells. These spheroids, rich in calcium and phosphorus, were identified as
diet-dependent secretory inclusions produced by a previously described epithelial cell
type. In fasting Burmese pythons, TEM images show narrow intestinal crypts lined with
a simple columnar epithelium containing small, dark nuclei and sparse cytoplasmic
organelles.

In the TEM images of snakes fed whole prey, the crypts are enlarged. Most
notably, large, multi-laminar electron-dense spheroidal particles appear in the apical
cytoplasm or just beneath the plasma membrane. Energy-dispersive X-ray
spectroscopy (EDX) confirmed these particles to contain calcium, phosphorus, and iron.
The apical membranes show well-developed microvilli and numerous secretory
vesicles. In snakes fed a boneless diet, TEM images reveal crypts that are
morphologically active but lack mineral spheroids.

The overall crypt structure appears to be intermediate between fasting and
normally fed snakes. Lastly, in pythons fed a calcium-supplemented diet, the crypt cells
exhibit spheroid formation similar to or exceeding that seen in whole-prey-fed
individuals. The TEM images show large, multi-layered spheroids occupying much of
the apical cytoplasm, each containing a high concentration of calcium and phosphorus,
with occasional iron signals.

The crypt particles in the study appear as large, spherical, electron-dense bodies
within the apical cytoplasm of certain epithelial cells lining the intestinal crypts. Crypt
particles often display concentric, multi-laminar rings whose diameter varies, depending
on the degree of mineral accumulation. Crypt particles are diet dependent, and they
occur under different circumstances. Thus, the spheroids are produced only during
active digestion of calcium- and phosphorus-rich prey. Elemental analyses performed in



the study using energy-dispersive X-ray spectroscopy (EDX) revealed the chemical
makeup of these crypt particles to be spheroids containing high levels of calcium (Ca)
and phosphorus (P), with detectable traces of iron (Fe).

Burmese pythons experience dramatic fluctuations in calcium availability
depending on feeding conditions and diet composition. With the ingestion of mineral-rich
prey, blood calcium levels can rise significantly due to digestion and absorption of
bone-derived calcium and phosphorus. The maintenance of calcium homeostasis under
these shifting conditions is primarily mediated by two opposing hormones: calcitonin
and parathyroid hormone (PTH).

Calcitonin functions to reduce circulating calcium levels when they become
elevated after feeding. While the Parathyroid hormone functions to increase blood
calcium concentrations when they fall below particular levels. The presence or absence
of crypt spheroids provides clear evidence of these hormonal shifts. Between the
systemic hormones and localized intestinal mechanisms, this illustrates a highly
specialized form of mineral regulation that enables pythons to tolerate large dietary
fluctuations in calcium and phosphorus intake.

Based on the evidence presented in Lignot et al. (2025), there are several
reasons why the crypt cells in Burmese pythons could represent a new intestinal cell
phenotype, as well as reasons why they may not. The study relied on transmission
electron microscopy and elemental analysis to characterize these cells under different
dietary conditions, providing strong structural evidence but no molecular data. One
reason these cells could be considered a new phenotype is their distinct morphology.
TEM images showed crypt epithelial cells containing large, multi-laminar,
electron-dense spheroids that filled much of the cytoplasm.

Elemental mapping confirmed that the spheroids were composed primarily of
calcium, phosphorus, and iron, which indicates a specialized mineral-handling role. The
presence of these spheroids was closely linked to the feeding state: they appeared only
after snakes were fed whole prey or calcium-rich diets, and were absent in fasting or
boneless-fed snakes. This pattern suggests that these cells respond specifically to
elevated dietary mineral load.

However, the evidence in the study also leaves open the possibility that these
cells are modified versions of existing cell types rather than a new phenotype. The
(Lignot et al. 2025) study did not observe features indicating a new lineage. The authors
also noted that the spheroid-containing cells appeared transiently, developing after
feeding and disappearing as digestion progressed, which is consistent with a temporary
physiological state rather than a stable cell type. No molecular or histochemical markers
were used. It remains unclear whether these cells express distinct proteins or gene
profiles that would define them separately from the other cells.



