Potential Exam Relevance (Paper 3)
· Genetics & Epigenetics: Can humans reactivate dormant hibernation genes?
· Homeostasis & Thermoregulation: How do animals control body temperature and metabolism?
· Cell Biology & Aging: Can reducing metabolism extend lifespan?
· Space Physiology: Can induced torpor make space travel feasible?
This article offers a multidisciplinary look at how biology, medicine, and space exploration intersect through hibernation research.

Sample Questions
Topic 1: Lifestyle, Health, and Risk
1. Describe the role of metabolic rate in maintaining homeostasis and explain how it is altered in hibernating mammals. (6)
2. Explain how blood pressure regulation in hibernators may reduce the risk of cardiovascular disease. (4)
3. Discuss how blood clotting mechanisms may be affected in hibernating mammals and how this could benefit stroke patients. (5)
4. Explain how weight gain and insulin resistance are linked in humans and how hibernating animals prevent this condition. (4)
5. Using your knowledge of cardiovascular health, evaluate how hibernation research could contribute to treatments for heart disease. (6)

Topic 2: Genes and Health
6. Outline the structure of DNA and explain how comparative genomics can be used to identify genes related to hibernation. (5)
7. Describe how gene mutations might affect metabolic pathways in mammals and how this could influence their ability to enter torpor. (4)
8. Explain the process of protein synthesis and how hibernation-related genes could be expressed differently in humans compared to hibernators. (5)
9. Discuss how the study of genetic similarities between hibernating and non-hibernating mammals could provide insights into metabolic regulation. (6)
10. Explain how the structure and function of cell membranes might be adapted in hibernators to withstand extreme conditions. (5)

Topic 3: Voice of the Genome
11. Explain the role of gene expression in metabolic suppression during hibernation. (4)
12. Describe how epigenetic factors such as DNA methylation might regulate hibernation-related genes. (5)
13. Discuss how stem cells and differentiation could play a role in tissue repair during and after hibernation. (6)
14. Explain how environmental factors, such as temperature and seasonal cues, can influence gene expression in hibernating animals. (5)
15. Outline how polygenic inheritance may contribute to metabolic adaptations in hibernators. (4)

Topic 4: Biodiversity and Natural Resources
16. Describe how natural selection could have led to the evolution of hibernation in certain mammal species. (6)
17. Explain how ecological factors, such as food availability, influence the distribution of hibernating species. (4)
18. Using the Hardy-Weinberg equation, predict how hibernation traits might persist in a population over time. (5)
19. Discuss how human activity and climate change could impact species that rely on hibernation for survival. (6)
20. Explain how comparative anatomy can be used to identify physiological differences between hibernating and non-hibernating species. (4)

Topic 5: On the Wild Side
21. Describe the role of ATP in metabolic processes and how energy demands change during hibernation. (5)
22. Explain how photosynthesis in plants supports food chains that include hibernating animals. (4)
23. Discuss how climate change might affect hibernating species and their metabolic adaptations. (6)
24. Explain how data from ice cores and pollen analysis could provide insight into how past climate changes influenced hibernation. (5)
25. Outline how a decrease in metabolic rate affects enzyme activity in hibernating animals. (4)

Topic 6: Immunity, Infection, and Forensics
26. Describe how reduced body temperature during hibernation might affect immune system function. (5)
27. Explain how forensic techniques, such as body temperature analysis, could be used to determine time of death in humans, considering the effects of hibernation-like states. (4)
28. Discuss how bacterial and viral infections might behave differently in a hibernating animal compared to an active one. (6)

Topic 7: Run for Your Life
29. Describe how skeletal muscle contraction is maintained in hibernators despite prolonged inactivity. (5)
30. Explain how the cardiovascular control center in the brain regulates heart rate and blood flow during hibernation. (5)

MARK SCHEME
Topic 1: Lifestyle, Health, and Risk
1. Role of metabolic rate in maintaining homeostasis (6 marks)
· MP1: Define metabolic rate as the rate of energy expenditure in an organism.
· MP2: Explain that homeostasis maintains internal conditions such as temperature, pH, and glucose levels.
· MP3: Describe how metabolic rate changes in hibernators, e.g., lowered body temperature and reduced ATP production.
· MP4: Explain how lower metabolic rates reduce oxygen demand and cellular respiration.
· MP5: Discuss how metabolic suppression prevents oxidative stress and energy depletion.
· MP6: Link reduced metabolic rate to the conservation of stored energy reserves (fat/glycogen).

2. Blood pressure regulation in hibernators (4 marks)
· MP1: Blood pressure is controlled by cardiac output and resistance in arteries.
· MP2: Hibernators reduce heart rate (bradycardia) and cardiac output.
· MP3: Lower blood pressure reduces the risk of atherosclerosis and stroke.
· MP4: Some mammals recycle nutrients and maintain vascular health during hibernation.

3. Blood clotting mechanisms in hibernators (5 marks)
· MP1: Normal blood clotting involves thrombin converting fibrinogen into fibrin.
· MP2: Hibernators suppress clot formation to prevent excessive coagulation during inactivity.
· MP3: They also prevent internal bleeding by maintaining vessel integrity.
· MP4: Some species produce anticoagulants to reduce clot formation.
· MP5: Understanding these mechanisms may help develop treatments for stroke and heart attacks.

4. Weight gain and insulin resistance in hibernators (4 marks)
· MP1: Weight gain before hibernation involves fat storage.
· MP2: Insulin resistance in humans is linked to obesity and type 2 diabetes.
· MP3: Hibernators avoid diabetes by regulating insulin sensitivity.
· MP4: Understanding their metabolic adaptations could help develop diabetes treatments.

5. Cardiovascular health and hibernation research (6 marks)
· MP1: Cardiovascular disease (CVD) involves atherosclerosis and high blood pressure.
· MP2: Hibernators lower their heart rate and blood pressure, reducing cardiac strain.
· MP3: Some species clear arterial plaques during hibernation.
· MP4: Understanding these mechanisms could improve human treatments for heart disease.
· MP5: Research on hibernators could inform therapies for cardiac arrest and stroke.
· MP6: Ethical considerations of translating hibernation research into human medicine.

Topic 2: Genes and Health
6. Structure of DNA and comparative genomics (5 marks)
· MP1: DNA is a double helix with nucleotides containing A, T, C, and G.
· MP2: Comparative genomics compares genetic sequences across species.
· MP3: Researchers analyze genes in hibernators to identify metabolic control genes.
· MP4: Gene expression in torpor-related pathways can be studied using transcriptomics.
· MP5: Potential applications in developing therapies for metabolic diseases.

Topic 3: Voice of the Genome
11. Gene expression in metabolic suppression (4 marks)
· MP1: Gene expression is regulated by transcription and translation.
· MP2: In hibernators, certain genes controlling metabolism are suppressed during torpor.
· MP3: Reduced enzyme activity leads to lower ATP production.
· MP4: Studying these genes could help develop metabolic disease treatments.

12. Epigenetic factors in hibernation (5 marks)
· MP1: Epigenetics involves DNA methylation and histone modification.
· MP2: Methylation can switch off genes related to high metabolic activity.
· MP3: Hibernators show seasonal epigenetic changes.
· MP4: These changes help regulate metabolic suppression.
· MP5: Understanding these processes could improve treatments for metabolic disorders.

Topic 4: Biodiversity and Natural Resources
16. Natural selection and evolution of hibernation (6 marks)
· MP1: Natural selection favors traits that enhance survival and reproduction.
· MP2: Hibernation provides survival advantages during food scarcity and cold seasons.
· MP3: Genetic variations that promote torpor increase reproductive success.
· MP4: Fossil evidence suggests early mammals may have hibernated.
· MP5: Evolutionary trade-offs include energy conservation vs. immune suppression.
· MP6: Human applications could involve metabolic research for longevity.

Topic 5: On the Wild Side
21. Role of ATP in metabolic processes (5 marks)
· MP1: ATP is the main energy carrier in cells.
· MP2: Cellular respiration generates ATP through glycolysis, Krebs cycle, and oxidative phosphorylation.
· MP3: During hibernation, ATP production decreases due to metabolic suppression.
· MP4: Lower ATP demand reduces oxygen consumption.
· MP5: Understanding ATP conservation may help in developing metabolic therapies.

Topic 6: Immunity, Infection, and Forensics
26. Immune system function in hibernators (5 marks)
· MP1: Hibernation reduces immune activity due to metabolic suppression.
· MP2: This prevents excessive energy expenditure.
· MP3: Some hibernators show enhanced immune function upon waking.
· MP4: Potential implications for human immune modulation.
· MP5: Research could aid in developing treatments for autoimmune disorders.

Topic 7: Run for Your Life
29. Skeletal muscle maintenance in hibernators (5 marks)
· MP1: Muscle atrophy occurs due to inactivity in non-hibernators.
· MP2: Hibernators maintain muscle mass using metabolic adaptations.
· MP3: Some species recycle nitrogen to preserve muscle proteins.
· MP4: Research may help prevent muscle loss in immobilized patients.
· MP5: Space travel applications: preventing muscle loss in astronauts.

30. Cardiovascular control in hibernators (5 marks)
· MP1: The cardiovascular center in the medulla oblongata regulates heart rate.
· MP2: Hibernators reduce heart rate to conserve energy.
· MP3: Blood flow is redirected to essential organs.
· MP4: Bradycardia prevents high oxygen demand.
· MP5: Understanding this mechanism could aid in medical applications such as surgery-induced hypothermia.

SOME MODEL ANSWERS
Topic 1: Lifestyle, Health, and Risk
1. Role of metabolic rate in maintaining homeostasis (6 marks)
Model Answer:
Metabolic rate refers to the rate at which chemical reactions occur in the body, primarily involving ATP production through respiration. It plays a crucial role in homeostasis, maintaining constant internal conditions such as body temperature, blood glucose levels, and pH balance (MP1, MP2).
During hibernation, animals enter a state called torpor, where their metabolic rate decreases significantly. This helps conserve energy by reducing the need for ATP synthesis, thereby lowering oxygen demand and glucose consumption (MP3, MP4).
A reduced metabolic rate also protects against oxidative stress by limiting the production of reactive oxygen species (ROS), which could otherwise cause cellular damage (MP5). Additionally, hibernators rely on stored fat reserves as an energy source, reducing dependence on external food intake (MP6).
Thus, regulating metabolic rate allows hibernators to survive long periods of food scarcity and cold temperatures while preventing cell damage and excessive energy expenditure.

5. Cardiovascular health and hibernation research (6 marks)
Model Answer:
Cardiovascular disease (CVD) is associated with high blood pressure, atherosclerosis, and increased risk of stroke. In hibernators, cardiovascular function is modified to reduce stress on the heart during torpor (MP1, MP2).
Hibernating animals experience bradycardia (slow heart rate) and reduced cardiac output, leading to lower blood pressure and decreased risk of arterial damage (MP3). Research has shown that some species are able to clear arterial plaques during hibernation, preventing blockages in blood vessels (MP4).
Understanding these mechanisms could inform human treatments for heart disease, hypertension, and stroke, potentially leading to the development of drugs that mimic metabolic suppression (MP5). However, translating hibernation research into human medicine requires consideration of ethical issues, such as long-term effects and patient safety (MP6).
In conclusion, studying hibernators provides valuable insights into cardiovascular health and may influence future treatments for human heart diseases.

Topic 2: Genes and Health
6. Structure of DNA and comparative genomics (5 marks)
Model Answer:
DNA is a double-stranded helix, composed of nucleotides, each containing a phosphate group, a deoxyribose sugar, and a nitrogenous base (A, T, C, G). It carries genetic information for protein synthesis (MP1).
Comparative genomics involves analyzing DNA sequences across different species to identify genes responsible for specific traits (MP2). Researchers have studied hibernating mammals and compared their genomes with non-hibernating species to identify metabolic regulation genes (MP3).
This process involves transcriptomics, which examines gene expression changes during torpor, providing insights into how hibernation is controlled at the molecular level (MP4). Understanding these genetic adaptations could help develop therapies for metabolic disorders such as obesity and diabetes (MP5).

Topic 3: Voice of the Genome
11. Gene expression in metabolic suppression (4 marks)
Model Answer:
Gene expression is controlled by transcription (DNA to mRNA) and translation (mRNA to protein). During hibernation, certain genes involved in metabolism and energy production are downregulated, reducing ATP demand (MP1, MP2).
This suppression leads to lower enzyme activity, slowing down cellular respiration and reducing oxygen consumption (MP3). Scientists are studying hibernators to understand how gene expression changes could be used to develop metabolic disease treatments (MP4).

12. Epigenetic factors in hibernation (5 marks)
Model Answer:
Epigenetics involves heritable changes in gene expression without altering the DNA sequence. One key mechanism is DNA methylation, where methyl groups are added to cytosine bases, silencing gene expression (MP1, MP2).
In hibernators, genes associated with high metabolic activity are silenced through increased methylation during torpor (MP3). This allows for a controlled reduction in energy use and enhanced cell protection (MP4).
Understanding these epigenetic modifications could help in human medicine by developing treatments for metabolic disorders or aging-related diseases (MP5).

Topic 4: Biodiversity and Natural Resources
16. Natural selection and evolution of hibernation (6 marks)
Model Answer:
Natural selection is the process where individuals with favorable traits survive and reproduce, passing on their beneficial genes to the next generation (MP1).
Hibernation provides a survival advantage during cold seasons and food shortages, as animals that lower metabolic rates require less energy and are less likely to die from starvation (MP2, MP3).
Fossil evidence suggests that hibernation-like states were present in early mammals, indicating a long evolutionary history (MP4). However, there are trade-offs, such as immune suppression during hibernation, which may make individuals more vulnerable to infections (MP5).
Hibernation research could have human applications, such as metabolic regulation therapies for obesity, but ethical concerns must be considered before applying findings to human medicine (MP6).

Topic 5: On the Wild Side
21. Role of ATP in metabolic processes (5 marks)
Model Answer:
ATP (adenosine triphosphate) is the universal energy carrier in cells, used for muscle contraction, active transport, and biosynthesis (MP1).
It is produced through cellular respiration, which involves glycolysis, the Krebs cycle, and oxidative phosphorylation (MP2). During hibernation, ATP production is suppressed, reducing overall energy demand and oxygen consumption (MP3).
This is achieved by lowering metabolic activity, which minimizes the need for glucose oxidation (MP4). Understanding ATP regulation in hibernators could lead to medical applications in metabolism-related conditions (MP5).

Topic 6: Immunity, Infection, and Forensics
26. Immune system function in hibernators (5 marks)
Model Answer:
The immune system typically detects and eliminates pathogens through innate and adaptive immune responses (MP1). However, in hibernators, immune activity is reduced to conserve energy during metabolic suppression (MP2).
This prevents excessive ATP usage but also increases susceptibility to infections (MP3). Some hibernators, such as ground squirrels, exhibit immune system reactivation upon waking, clearing pathogens that accumulated during torpor (MP4).
Understanding these mechanisms could aid in human immune modulation, potentially benefiting treatments for autoimmune disorders (MP5).

Topic 7: Run for Your Life
29. Skeletal muscle maintenance in hibernators (5 marks)
Model Answer:
Muscle atrophy occurs due to inactivity, leading to a loss of muscle mass and strength (MP1). However, hibernators maintain their muscle tissue through metabolic adaptations (MP2).
Some species recycle nitrogen to preserve muscle protein, preventing degradation (MP3). Understanding these mechanisms may help immobilized patients maintain muscle strength (MP4).
Additionally, this research is relevant for astronauts, who experience muscle atrophy in microgravity (MP5).

