2025 Scientific article - potential Qs, answers and glossary list

[bookmark: _awgrtt1ts1k8]Questions:
1. Define the term ‘hibernation’ and explain how it differs from sleep.
(4 marks)
2. Describe the physiological changes that occur in animals during hibernation.
(5 marks)
3. Explain how hibernation could potentially help humans with medical conditions like Alzheimer’s disease and heart attacks.
(6 marks)
4. Discuss the genetic evidence supporting the hypothesis that humans may have inherited the ability to hibernate from their mammalian ancestors.
(5 marks)
5. The Arctic ground squirrel can lower its body temperature to -2.9°C during torpor. Explain the biological implications of such a low body temperature on cellular function.
(4 marks)
6. Describe the role of adenosine in hibernation and how it could be used therapeutically for humans.
(5 marks)
7. The article mentions "thermoregulatory inversion" in hibernation. Explain what this process involves and why it is significant for hibernators.
(4 marks)
8. Discuss the potential applications of hibernation research in the field of anti-ageing.
(6 marks)
9. Using evidence from the article, explain why large mammals like bears have different hibernation patterns compared to small mammals like squirrels.


ANSWERS

1. Definition and Comparison (4 marks)
· 1 mark: Basic definition of hibernation (reduced metabolic state, prolonged inactivity).
· 1 mark: Explanation of sleep (brain-centric, reversible).
· 1 mark: Hibernation is metabolic, not brain-centric.
· 1 mark: Hibernation is often long-term, while sleep is cyclical.
2. Physiological Changes (5 marks)
· 1 mark: Reduction in metabolic rate.
· 1 mark: Drop in body temperature (can be severe or mild).
· 1 mark: Decreased heart rate and respiration rate.
· 1 mark: Altered brain signaling pathways.
· 1 mark: Recycling of nutrients (e.g., urea).
3. Medical Benefits (6 marks)
· 1 mark: Hibernation helps conserve energy, aiding survival under extreme conditions.
· 1 mark: Potential to reduce Alzheimer’s-related plaques.
· 1 mark: Prevents insulin sensitivity (e.g., in squirrels).
· 1 mark: Reduces the effects of high blood pressure and heart disease.
· 1 mark: Protects against metabolic stress (stroke, heart attack).
· 1 mark: Potential role in longevity and healing.
4. Genetic Evidence (5 marks)
· 1 mark: Reference to the research on common ancestors and shared genes in mammals.
· 1 mark: Identification of dormant brain-signaling pathways in mammals.
· 1 mark: Examples of non-hibernators with reduced energy states.
· 1 mark: Evolutionary basis of hibernation in mammals.
· 1 mark: Possibility of activating hibernation-related genes in humans.
5. Low Body Temperature (4 marks)
· 1 mark: Lowered body temperature decreases metabolic activity.
· 1 mark: Cells in low temperatures slow down, which may reduce energy use.
· 1 mark: Risk of cellular damage reduced (slow metabolism).
· 1 mark: Importance of protective molecular mechanisms during torpor.
6. Adenosine and Therapeutic Use (5 marks)
· 1 mark: Adenosine regulates sleep and brain activity during hibernation.
· 1 mark: Activation of adenosine pathways induces torpor-like states in squirrels.
· 1 mark: Effects on temperature regulation and metabolic suppression.
· 1 mark: Therapeutic use in reducing hypothermic stress in humans (e.g., cardiac arrest).
· 1 mark: Possible future use of adenosine to treat strokes or induce safe hypothermia.
7. Thermoregulatory Inversion (4 marks)
· 1 mark: Thermoregulatory inversion refers to the reverse of normal temperature regulation.
· 1 mark: Cooling inhibits heat production, warming stimulates heat production.
· 1 mark: This allows hibernators to maintain low metabolic activity at low temperatures.
· 1 mark: Significant for energy conservation during hibernation.
8. Anti-Ageing (6 marks)
· 1 mark: Link between metabolism and lifespan (e.g., caloric restriction, fasting).
· 1 mark: Hibernators live longer than non-hibernators of the same size.
· 1 mark: Research on slowing cellular ageing during hibernation in bats/marmots.
· 1 mark: Metabolic processes during hibernation boost repair and reduce damage.
· 1 mark: Slower ageing during hibernation supports longevity.
· 1 mark: Potential for anti-ageing treatments from understanding hibernation.
9. Mammal Size and Hibernation (5 marks)
· 1 mark: Smaller mammals like squirrels experience greater drops in body temperature.
· 1 mark: Large mammals like bears show less drastic metabolic changes.
· 1 mark: Bears conserve energy without significant temperature decrease.
· 1 mark: Different metabolic suppression strategies are used by larger mammals.
· 1 mark: Bears use mechanisms beyond temperature to reduce metabolism (e.g., metabolic rate reduction).







Gene expression, enzymes and homeostasis Q (AI generated)
[bookmark: _kcb15n2yvqd9]1. Gene Expression in Hibernating Mammals
Q: Describe the role of gene expression in the process of hibernation in mammals.
A: In hibernating mammals, gene expression plays a crucial role in regulating the metabolic changes that occur during hibernation. Genes involved in this process can be expressed in cycles, with variations in the expression of gene products observed during different stages of torpor and arousal. The genes responsible for these metabolic adjustments may control key aspects such as the suppression of metabolism and the protection of the body from various stresses like extreme cold, heart attacks, and neurological damage. 

[bookmark: _v1w79z6r3o5z]2. Homeostasis and Metabolic Control in Hibernation
Q: Explain how hibernating animals maintain homeostasis, particularly regarding body temperature and metabolic rate.
A: During hibernation, animals enter a state called torpor, where their physiological processes are dramatically reduced to conserve energy. This includes a significant decrease in metabolic rate and body temperature. This low metabolic state allows them to survive periods without food or water. Larger hibernators, like bears, do not experience as drastic a drop in body temperature but still reduce metabolic activity, lowering their energy needs. This is due to their small SA:vol and their ability to retain heat more easily vs smaller animals. This ability to suppress metabolism without causing harm to organs or cells is a crucial aspect of homeostasis in hibernating animals, ensuring survival through harsh conditions.

[bookmark: _5cztt7y46eus]3. Enzyme Action and Metabolic Suppression
Q: Discuss the possible role of enzymes in the metabolic suppression observed in hibernating mammals.
A: Enzymes play a key role in regulating metabolic processes, and during hibernation, certain enzymes are likely involved in slowing down metabolic reactions. The suppression of metabolic activity requires changes in enzyme activity, including those involved in processes like energy production and protein breakdown. For example, enzymes that normally help in cellular respiration might be downregulated during hibernation, reducing the production of ATP and conserving energy. Additionally, hibernators may use specialized enzymes to recycle waste products like urea, which helps maintain metabolic balance and prevents harmful accumulation of toxins in the body. Altered gene expression or epigenetics may help to express different genes that encode different enzymes.

[bookmark: _jc02jzxsd1cg]4. Gene Expression and Drug Development
Q: How might understanding gene expression in hibernating animals lead to new drug developments?
A: By studying the genes involved in hibernation, scientists aim to identify key molecules that can be used to replicate the beneficial effects of hibernation in humans. For example, the research on the thirteen-lined ground squirrel has revealed molecules that help protect against heart disease, high blood pressure, and Alzheimer’s disease. By comparing the genomes of different hibernators and non-hibernators, researchers can identify genes or gene products that might be targeted for drug development. This could lead to the creation of drugs that mimic the protective effects of hibernation, such as reducing metabolic stress during severe conditions, improving recovery from strokes, or even slowing down the aging process by promoting metabolic pathways that enhance cellular repair.

[bookmark: _fobkq9uqkl2v]5. The Role of Adenosine in Hibernation and Metabolism
Q: Explain the role of adenosine in regulating hibernation and its potential therapeutic applications.
A: Adenosine is a neurotransmitter that plays a key role in regulating sleep and metabolism. During hibernation, adenosine pathways are involved in reducing neural activity, which helps induce the state of torpor. This has important implications for human medicine, as adenosine could potentially be used to induce controlled hypothermia, a technique already used in treating cardiac arrest. Additionally, adenosine could help regulate the body’s thermoregulation, which is normally inhibited during hibernation, preventing the body from producing excess heat when in a low-metabolism state.

[bookmark: _1f21frmtujq7]6. Comparative Genomics and Understanding Hibernation
Q: How does comparative genomics contribute to our understanding of hibernation in mammals?
A: Comparative genomics involves comparing the genomes of different species to identify genes that may contribute to specific traits or behaviors. This can be achieved by identifying differences in gene expression (epigenetics) and the proteins produced. By comparing the genomes of hibernating and non-hibernating mammals, scientists can identify genes that are linked to metabolic suppression, stress resistance, and other hibernation-related adaptations. 


[bookmark: _xrkl3qucpdno]A Level GCE Biology Keyword Glossary
1. Hibernation – A physiological state of reduced metabolic activity and lowered body temperature, allowing organisms to survive periods of cold and food scarcity.

2. Torpor – A temporary state of decreased physiological activity, characterized by a drop in body temperature and metabolic rate.

3. Metabolism – The set of life-sustaining chemical reactions within organisms that convert energy for cellular processes.

4. Neurotransmitter – A chemical substance that transmits signals across a synapse between neurons in the nervous system.

5. Adenosine – A neurotransmitter involved in regulating sleep and metabolism, playing a role in inducing torpor.

6. Comparative Genomics – The study of the similarities and differences in the genetic sequences of different species to understand evolutionary relationships and functional genes.

7. Hypothermia – A condition in which body temperature drops below the normal range, leading to slowed physiological functions.

8. Raphe Pallidus – A brainstem region involved in regulating body temperature and metabolism, linked to hibernation processes.

9. Hypothalamus – A brain region responsible for regulating bodily functions such as temperature, hunger, and sleep.

10. Caloric Restriction – A dietary practice of reducing calorie intake without malnutrition, known to extend lifespan and affect metabolic pathways.

11. Brown Fat (Brown Adipose Tissue) – A type of fat tissue rich in mitochondria that generates heat by burning calories, helping maintain body temperature.

12. Transcriptome – The complete set of RNA molecules transcribed from the genome of an organism, providing insight into gene expression.

13. Longevity – The length of an organism’s life, often influenced by genetic, metabolic, and environmental factors.

14. Neural Circuitry – The interconnected network of neurons that regulate bodily functions and behaviors, such as sleep and metabolism.

15. Metabolic Suppression – A reduction in metabolic activity to conserve energy, often observed in hibernating animals.

16. Synthetic Torpor – The artificially induced state of reduced metabolic activity in non-hibernating organisms for medical or space travel applications.

17. Cosmic Radiation – High-energy radiation from space that can damage biological tissues, a concern for astronauts in space travel.

18. Microgravity – A condition of near-weightlessness experienced in space, affecting muscle and bone density in astronauts.

19. Gene Expression – The process by which genetic information is used to synthesise proteins, regulating cellular function and adaptation.

20. Mitochondria – Organelles known as the "powerhouses of the cell," responsible for producing energy through cellular respiration.

21. Homeostasis – The maintenance of a stable internal environment within an organism despite external changes.

22. Stasis – A state of minimal metabolic activity, often used in reference to induced sleep-like conditions for space travel or medical treatment.

23. Neural Inhibition – A process where neural activity is reduced or suppressed, often to conserve energy or regulate bodily functions.

24. Alzheimer’s Disease – A neurodegenerative disorder characterized by memory loss and cognitive decline, linked to brain plaque buildup, which hibernators can clear.

25. Insulin Sensitivity – The efficiency with which the body's cells respond to insulin, affecting glucose metabolism and energy balance.

26. Blood Pressure Regulation – The control of blood pressure levels, which hibernators manage despite extreme metabolic fluctuations.

27. Genetic Hardware – The underlying genetic material that enables certain biological functions, such as the potential for hibernation in mammals.

28. Energetic Plasticity – The ability of an organism to adjust its energy usage in response to environmental conditions.

29. Thermoregulatory Inversion – A process in which cooling inhibits heat production and warming enhances it, observed in hibernators.

30. Molecular Targets – Specific molecules in cells that can be manipulated by drugs to achieve a desired physiological effect, such as mimicking hibernation.

