
Scientific Literacy 1 

Life depends on the ability of organisms to adjust to internal and external changes through 

physiological, structural, and molecular mechanisms. From the remarkable intestinal plasticity of 

the Burmese python to the delicate hormonal control of mineral balance in vertebrates and the 

precision of electron microscopy in revealing elemental composition, these processes demonstrate 

how biology maintains equilibrium and adapts to varying demands. 

Intestinal plasticity refers to the ability of the digestive tract to undergo structural and functional 

changes in response to feeding or fasting. In Pythons, a classic “sit-and-wait” predator, long fasting 

periods are followed by massive meals. When the snake feeds, its small intestine undergoes rapid 

hypertrophy enterocytes expand, microvilli lengthen, and enzyme production surges to maximize 

nutrient absorption (Starck & Beese, 2001). After digestion, the gut regresses to conserve energy. 

This reversible remodeling reflects extreme metabolic efficiency and demonstrates how intestinal 

plasticity enables species with infrequent feeding patterns to survive prolonged starvation while 

still meeting high post-feeding metabolic demands. 

At the molecular level, vertebrates rely on hormonal systems to regulate calcium and phosphorus 

homeostasis. Two key hormones, parathyroid hormone (PTH) and calcitonin, act in opposition to 

maintain stable mineral levels critical for bone structure, nerve transmission, and muscle 

contraction. When calcium levels drop, the parathyroid glands secrete PTH, which stimulates 

osteoclast activity in bone, increases renal calcium reabsorption, and enhances vitamin D 

activation to promote intestinal calcium uptake (Bringhurst et al., 2018). Conversely, elevated 

calcium levels trigger calcitonin release from the thyroid gland, which suppresses osteoclast 

activity and lowers blood calcium. Together, these feedback systems maintain mineral balance and 

prevent disorders such as osteoporosis or hypocalcemia. 

In modern biological research, understanding such regulatory processes often depends on 

advanced analytical tools. Electron microscopy (EM) provides nanometer-scale visualization of 

cellular and tissue structures, while energy-dispersive X-ray spectroscopy (EDX) complements 

EM by identifying the elemental composition of biological samples. When an electron beam 

strikes a specimen, EDX detects characteristic X-rays emitted by atoms, allowing researchers to 

map elements such as calcium, phosphorus, or iron within tissues (Goldstein et al., 2017). This 

integration of structure and chemistry is invaluable for studying mineralization, toxic metal 

accumulation, and biomaterial interfaces. 

These are examples of intestinal remodeling in snakes, endocrine regulation in vertebrates, and 

microscopic analysis of cellular elements—illustrate the remarkable adaptability of life. Whether 

through physiological plasticity, hormonal homeostasis, or technological insight, biology 

continually reveals how living systems maintain balance and evolve in response to changing 

demands. 
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Scientific Literacy 2 

Research performed by Lignot, Pope, and Secor explains how Burmese pythons, also 

known as Python molurus bivittatus, handle the large loads of calcium and phosphorus from 

consuming whole vertebrate prey. They investigate intestinal crypt morphology and the 

formation of calcium-phosphorus particles in snakes fed under different diet patterns. This 

includes fasting, normal feeding with bones, a boneless diet, and a calcium supplemented diet. 

They also investigate the endocrine regulation of calcium homeostasis through parathyroid 

hormone and calcitonin. In fasting snakes, intestinal crypts appear empty. The epithelial cells 

show no particle accumulation, indicating minimal mineral processing in the absence of feeding 

(Lignot et al., 2025). 

When snakes consume a normal diet including bones, the crypts contain a number of 

large, multilayered particles rich in calcium, phosphorus, and iron. Electron microscopy and x-

ray analysis show these spheroids to be made primarily of calcium phosphate with iron rich 

nucleation cores. The crypts are cup shaped invaginations, narrower than adjacent enterocytes 

and distinct from goblet cells. In snakes fed a boneless, low calcium diet, crypts lack these 

mineral spheroids, and iron elements are present only in trace amounts (Lignot et al., 2025). 

When snakes are fed a calcium supplemented diet, the crypts fill with even larger particles, 

suggesting that the intestinal epithelium can isolate excess calcium and phosphorus locally. The 

presence of particles corresponds directly to dietary mineral availability. They empty during 

fasting, absent or minimal on low calcium diets, and plentiful when dietary calcium is elevated. 

The crypt spheroids, also referred to as “crypt particles,” form after a meal and likely function to 

manage excess mineral loads rather than serve as digestive intermediates. Elemental analysis 

confirms that the particles contain calcium, phosphorus, and iron arranged in layered concentric 

structures (Lignot et al., 2025). These particles may represent a physiological mechanism to 

prevent excessive dissolved calcium and phosphorus from entering the bloodstream, which 

reduces renal excretion demands. The authors also examined systemic calcium regulations. 

When it was not enough dietary calcium, plasma calcium levels dropped, and parathyroid 

hormone levels rose, consistent with the vertebrate response to hypocalcemia. Essentially, when 

calcium consumption was high, calcitonin secretion likely increased to promote calcium 

deposition or reduce intestinal absorption. Although exact hormone values were not detailed in 

all treatments, the data suggests that intestinal seclusion through crypt spheroids complements 

endocrine regulation by balancing systemic calcium balance. A central question of the study is 

whether the crypt epithelial cells represent a new cell type. Lignot et al. (2025) argue they do, 

based on several criteria. Their unique morphology, distinct apical crypts and dense spheroid 

accumulation, specific function, precipitation of calcium and phosphorus, and diet dependent 

activity. These cells differ from enterocytes, goblet cells, and other cells observed in other 

reptiles. Furthermore, similar cells were identified in other snake species and one lizard, 

suggesting that the occurrence may be widespread among reptiles that consume bone rich prey. 

 In conclusion, the study provides evidence for a specialized intestinal mechanism that 



enables snakes to handle mineral rich meals. The morphology of the crypts reflects dietary 

mineral content, and crypt spheroids appear to play a key role in detoxifying excess calcium and 

phosphorus. Endocrine regulation through parathyroid hormone and calcitonin adjusts levels, 

while the intestinal crypt system offers local control. Although the identification of a new cell 

type requires additional molecular approval, the morphological and functional data presented 

make a strong case for its recognition as a distinct physiological adaptation. 

 

 


