Homeostasis in Organisms

ALL living organisms must keep their biological systems stable while living in a changing environment. To maintain this stability, they must monitor and respond to changes in the environment. The internal stability that living things maintain is known as homeostasis.

Another name for homeostasis is dynamic equilibrium. 

Example: 
Human body temperature- the human body works best 



at 98.6( F. If the body temperature increases, the body



will sweat to cool it off. If the body temperature drops,



the body will shiver to warm up.

Biochemical processes are all of the reactions that allow something to live. 2 types:

1. Photosynthesis- plants convert sunlight into stored energy (carbohydrates)

2. Respiration- stored chemical energy is released for use in cells

Photosynthesis: storing energy from the sun

All the energy that supports life on Earth comes from the sun.  Plants are the key link in the chain of life. Plant cells contain special green-colored organelles called chloroplasts, where photosynthesis occurs. 

The process of photosynthesis converts inorganic molecules (CO2 and H2O) into energy-rich organic compounds, such as glucose. The photosynthesis reaction can be written as:

Light energy + 6 H2O + 6 CO2 ( C6H12O6 + 6 O2
Or

Light energy + water + carbon dioxide ( glucose + oxygen

Once produced, glucose is broken down by plants and animals during cellular respiration to produce ATP. Energy stored in ATP molecules keeps all living things alive and powers all life functions! 

Glucose produced through photosynthesis is not always converted to ATP right away. Synthesis is when glucose molecules are combined to form more complex substances.

Example- plants store excess glucose as starch

When animals eat plants or other animals, they digest the food source to remove energy and nutrients for their cells to use. This “eaten” energy is either used by the body right away or is stored as fat to be used later on.

Be sure to look over the photosynthesis summary on pg. 19!

Cellular Respiration: releasing energy from foods

All living things need energy to stay alive. However, the food we eat cannot be used as energy as it is ingested. It must be digested (broken down into smaller pieces) for this energy to be used.

Example: Spaghetti dinner!

Pasta is a complex carbohydrate. As the spaghetti passes through the digestive system, the carbohydrates are broken down into simple sugars (glucose). The glucose is then broken down by special proteins called enzymes, which control how fast this process occurs. Lastly, chemical bonds within the glucose are broken to release energy for the cell!

Cellular respiration usually requires oxygen (O2), which is taken into the body by the respiratory system.

During cellular respiration inside a cell, glucose is broken down to form ATP, the main energy source of the cell. This process occurs in the mitochondria, which are the “power plants” of the cell.

Enzymes: we just can’t live without them!

A catalyst is any substance that speeds up a chemical reaction. Catalysts in the body (enzymes) help it function more efficiently. They are neither changed nor used up, so they can be used over and over!

Almost every function of life (digestion, growth, photosynthesis, etc.) is controlled by enzymes. Enzymes are very specific in their function. They have specific shapes which allow them to react with certain substances but not with others. 

Enzyme activity is controlled by:

1. Shape: enzymes are chains of proteins folded into specific shapes. These shapes only work on substances that have a matching shape. A change in temperature or pH can change an enzyme’s shape, thus affecting its function.

2. Temperature: every enzyme has an optimum temperature range in which it functions best. A rise or drop in temperature can influence how well the enzyme works.

3. pH: pH is a measure of how acidic or basic a substance is. Most enzymes work best in a neutral pH (7).

Feedback and Homeostasis

Due to an ever-changing environment, a living organism must respond in order to stay alive. The organism must be able to detect changes (deviations) and respond accordingly. 

Examples: 

Dynamic Equilibrium is the active maintenance of the internal conditions. This keeps the overall internal environment stable!

Feedback Mechanisms: 

A. Positive Feedback- a change prompts a response, which leads to a greater change and greater response (amplified response).

B. Negative Feedback- change is detected, actions are taken to restore homeostasis (ex- thermostat)

Examples of Feedback Mechanisms:

1. Blood sugar regulation in humans. If too much sugar is detected in the blood, the pancreas secretes insulin, which lowers blood sugar level. When blood sugar level becomes too low, less insulin is produced and blood sugar level increases.

2. Increased muscle activity. Once you engage in high-intensity exercise, your heart rate speeds up and breathing increases. This increases blood flow and brings more oxygen to muscles.

3. On hot, dry days plants will conserve water. This is done by guard cells, which can close to prevent water loss by evaporation.

**see figure 2-10, 2-11, and 2-12 on page 27**

What happens when homeostasis fails?

Diseases are conditions that prevent the body from functioning properly. Diseases can result from foreign invaders (pathogens), toxic substances, poor nutrition, or inherited disorders.

Certain genetic changes (mutations) can result in rapid, uncontrolled cell division called cancer. This unregulated cell division results in a tumor (mass of abnormal cells). Some cancers are detected and attacked by the immune system, others can be life-threatening.

The immune system is the body’s defense mechanism against disease-causing pathogens. These foreign molecules that threaten our homeostasis are identified by antigens on their outer surfaces, which the body recognizes and triggers the immune system into action!

The body’s white blood cells are specialized to attack these invaders. Many will produce antibodies- Y-shaped proteins that either attack the invaders or mark them for killing! 

Some white blood cells become specialized for certain microbial invaders. These cells can remain in the body for years in the event that the same invader attacks. 

Scientists have discovered that weakened pathogens can stimulate the immune system to react. Vaccines are weakened or killed pathogens that, when injected, stimulate the immune system to produce antibodies. After vaccination, the body remembers the specific pathogen and can respond much faster if the pathogen invades again.

Example: the flu shot!

The Immune System Is Not Invincible!

The immune system weakens with age, stress, and fatigue.

AIDS is a specific and oftentimes fatal attack on the immune system. This disease leaves the body without any defenses against foreign pathogens. Simple colds can result in death!

Allergies are rapid immune responses to environmental substances (pollen, insect bites, etc). The immune system releases histamines that try to combat the substances, often causing runny nose, rashes, swelling, and sneezing.

People with allergies often take antihistamines that reduces the effects of the histamines and the body’s responses.

