BIOLOGY STUDY GUIDE ANSWERS

Introduction to Human Biology

1. Anatomy is the study of “where” the body structure is and “what” it does while physiology is the study of “how” the structure does what it does 

2. In largest to smallest, the body is comprised of body systems which are collections of organs that perform related functions.  Organs are two or more tissue types organized to perform a particular function.  Tissues contain cells of similar structure and function.  Cells are organized collections of molecules.

3. Homeostasis is the maintenance of the body’s internal environment at a relatively constant level with regards to certain variables.  The internal environment consists of all the fluid in between the cells (extracellular fluid = blood plasma and interstitial fluid).  This fluid must be maintained at constant levels because cells prefer a particular internal environment.

4. These are some variables that are maintained: glucose levels, oxygen levels, temperature, acidity (pH), waste levels (ammonia, carbon dioxide), mineral, water levels, pressure and volume.

5. As stated in #3, the internal environment consists of all the fluid outside the cells (extracellular fluid).

6. The body systems work in concert to maintain homeostasis.

Cell Biology

1. The cell is comprised of the cell (or plasma) membrane, nucleus and cytoplasm (fluid).

2. The nucleus contains DNA which is comprised of 4 different types of nucleotides.

3. This DNA is organized into 46 different strands (actually 23 pairs of these strands) called chromosomes.  Certain segments of these strands contain the information needed to make proteins. These segments of the chromosome (DNA strand) are called genes.

4. The gene (DNA segment) is copied into RNA form (messenger RNA) and this RNA message is used by ribosomes to make proteins.

5. Ribosomes take the instructions from RNA and use it to make proteins (strands of amino acids) from the 20 different amino acids.

6. The endoplasmic reticulum synthesizes (makes) proteins and lipids; the Golgi apparatus, modifies proteins, carbohydrates and lipids; lysosomes destroy unwanted material in the cells; peroxisomes detoxify toxic materials; the mitochondria produces usable form of energy (ATP) from the energy nutrients.

7. Fat and carbohydrates are the main energy nutrients although proteins can be used for energy under depleted conditions.

8. Enzymes are proteins that catalyze reactions (make them happen in a timely manner).

9. The plasma cell membrane is comprised of two phospholipids arranged with their hydrophobic tails facing each other and the hydrophilic tail facing outwards.

10. The lipid bilayer functions as a selective barrier.

11. Hydrophilic means water soluble and hydrophobic means lipid soluble (or water insoluble).  The hydrophobic materials can cross the cell membrane while the hydrophilic molecules cannot.

12. Charge molecules (ions) are hydrophilic and thus cannot cross the cell membrane without going through an ion channel.  These channels are proteins.

Digestive System

1. Stomach, pancreas, liver, small intestine, large intestine (there are others).

2. These organs work in concert to transfer nutrients, water and electrolytes from the food we eat into our bodies.

3. Digestion consists of motility, secretions, chemical digestion and absorption.

4. Chemical digestion takes place in the mouth (carbohydrate digestion), stomach (partial protein digestion) and mostly in the small intestine.  Chemical digestion occurs here because this is where the digestive enzymes are secreted.

5. Most of the absorption takes place in the small intestine.

6. Food substances exist in polymer form.  These polymers (long strands of monomers) are too large to enter through cells and must be broken down into absorbable (monomer) units before they can pass into the bloodstream.

7. The liver (via the gall bladder) and pancreas secrete substances into the small intestine.

8. The liver is not mainly a digestive organ since most of its functions have nothing to do with digestion.

9. The pancreas functions as an exocrine organ since it secretes substances (enzymes) outside the body (into the gut) and also functions as an endocrine organ since it secretes substances (hormones) into the bloodstream.

10. Materials that are absorbed into the GI tract must first be broken down by enzymes into absorbable units.  Once this occurs, they must pass through both membranes of the intestinal cells and then through capillaries into the bloodstream.  Carbohydrates and protein cannot pass through the cell membrane without the help of channel proteins.  Fats can pass through the membrane, but have difficulty moving through the water filled cytoplasm as well as through the blood.

11. In the large intestine, water is taken out of the fecal matter and absorbed into the bloodstream.

Nervous System

1. The central nervous system (CNS) is comprised of the brain and the spinal cord; the peripheral nervous system comprises all other neural elements.

2. There are three main areas of the brain (each with many subdivisions): hindbrain, midbrain and forebrain.

3. The cerebral cortex is a subdivision of the forebrain and is responsible for most higher (complex) brain functions such as visual processing and language comprehension.  These specific activities are localized to specific areas of the cortex.

4. The basal ganglion is a complex of brain areas (in the forebrain and midbrain) that are involved in motor functions.  Damage to the substantia nigra portion of the basal ganglion leads to Parkinson’s disease.

5. The thalamus (forebrain area) is a relay station for information entering the cerebral cortex.

6. The hypothalamus (forebrain area) regulates homeostatic functions and also in involved in emotions.

7. The cerebellum (midbrain area) is involved in balance and coordination of planned movements.

8. The brainstem (hindbrain) controls many basic body functions.

9. The occipital lobe processes visual information and memory.  The temporal lobe processes auditory information and memory and is involved in comprehension of language.  The parietal lobe processes somatosensory information and associates information between the lobes.  The frontal lobe initiates motor control, forms speech, integrates memory, contains personality and other higher brain functions.

10. The membrane potential is the separation of charges (cations and anions) across the membrane.  This potential is measured in millivolts.

11. K+ is in greater concentration inside the cell while the other ions are in greater concentration outside the cell.

12. The resting membrane potential is –70mV when the membrane is neither stimulated nor inhibited.

13. In relation to the resting potential (-70mV) depolarization is an upward movement (towards 0 mV – less polarized), repolarization is a downward movement after being depolarized (back towards the polarized repolarization) and hyperpolarization is movement below resting potential (downward movement).

14. The neuron contains dendrites (which receives input), cell body (which also receives input and determines output), axon (which sends output to the synaptic terminal) and the synaptic terminal (which transfers output to the next neuron).

15. Graded potentials are small, local changes in the membrane potential, mostly on the dendrites and cell body, which occur in response to ion channel opening.  When ion channels open, the ions will flow in or out depending on the concentration difference always flowing from high to low concentration.

16. Action potentials (APs) are large changes in the membrane potential that can be propagated down the axon.  These APs occur in the axon and can be regenerated at each node.  AP only occur when threshold is reached in the axon hillock allowing for voltage gated Na+ channels to open.

17. Myelin is a fatty, insulative sheet that helps the AP spread down the axon efficiently.  

18. Once the AP reaches the axon terminal the following events occur:

a. Ca2+ rushes into the neuron causing the NT-containing vesicles to fuse to the membrane

b. NT is released into the synaptic cleft

c. NT binds to the NT receptor on the next neuron

d. binding of NT to receptor opens an ion channel (the channel is often the receptor itself)

e. ions (not NT) flow into the target neuron altering the membrane potential (a graded potential)

19. See #18

20. This was stated in #18, but remember that these events occur in the input component of the cell (the dendrites and cell body).

21. The cell body integrates (adds and subtracts) all of the inputs and, if the additive effect reaches threshold, an AP develops in the axon hillock.  Once this occurs, the AP goes to the end of the axon and the message is sent to the next neuron (see #18).

Muscles

1. Whole muscles are organized, from smallest to largest, as microfibrils, fibrils, fiber bundles and then whole muscles.  The fibrils themselves are individual cells.

2. Tendons connect muscle to bone and are comprised of fascia.  The origin point is where the muscle originates (usually proximal to the mid-body) while the insertion point is where the muscle inserts (usually distal)

3. The four main proteins (and there are others) that make up microfibrils are actin, myosin, tropomyosin and troponin.

4. The myosin filaments bind to and slide across the actin filaments during muscle contraction.  The length of both filaments stays the same, but it is the degree of overlap that changes and causes tension to develop in the muscle.

5. Stimulation of a neuron causes an action potential (AP) to develop within the muscle.  The AP is moved down the T-tubule towards the sarcoplasmic reticulum (SR).  Ca2+ is released from the SR and that Ca2+ binds to troponin allowing myosin to bind to actin and slide along the actin filament.

6. When Ca2+ is present the filaments slide across each other (contracted).  When Ca2+ is absent the filaments go back to their original position (relaxed).

7. Kind of a trick question.  Transient low Ca2+ outside muscle cells would not affect muscle contraction since the Ca2+ necessary for muscle contraction comes from internal stores.

8. Skeletal (striated) muscle, smooth muscle and cardiac muscle.

9. With reference to skeletal muscle there is slow and fast twitch.  Fast twitch fibers reach maximal tension more quickly and thus can generate more power (but are susceptible to fatigue).  Slow twitch reaches maximal tension more slowly, thus generating less power, but is more resistant to fatigue.

10. There are two main things wrong with this statement.  First, the proteins in muscle are comprised of amino acids and the amino acids are the same for plants and animals.  Second, the muscle proteins, as they exist in meat, are first broken down into absorbable units (the individual amino acids), then absorbed into the bloodstream and finally assembled, within the muscle cells, into human muscle proteins.

