Human Physiology 

Exam 1 Study Guide


	What are the 3 reasons why the voltage inside a cell is -80 mV?
	1. B/C the Na/K pump is electrogenic (pump sends 2K in but 3Na out)

2. B/C of intracellular proteins (anions) that are too large to get out

3. B/C cell membrane is permeable to K, so it diffuses out to lower conc. (chemical driving force), but is drawn in by an attraction to the negative charge of the cell (electrical driving force).

	How is electrochemical equilibrium established?
	B/C too much K is inside the cell, so it moves back and fourth across the cell membrane due to the CDF and EDF

	What is the voltage of a cell @ resting potential?
	-80mV

	What is the voltage of a cell @ threshold?
	-50mV

	What is the voltage of a cell @ depolarization? What is entering the cell?
	-50mV to +30mV

Na is flooding into the cell

	What is the voltage of a cell @ overshoot?
	+30mV

	What is the voltage of a cell @ repolarization? What is leaving the cell?
	+30mV to -100mV

K is flooding out of the cell

	What is the voltage of a cell @ hyperpolarization?
	-100mV (this occurs b/c the K channel stays open for 3-4ms)

	VGNaC
	“Voltage Gated Na Channel” 

*channel is closed @ rest

*at threshold the voltage changes to -50 mV, which opens the VGNaC

*Na rushes into the cell (depolarization)

*voltage of the cell changes form -50 to +30mV 

***Action Potential is generated

	VGKC 
	“Voltage Gated K Channel” 

*channel is closed until cell voltage changes to +30mV 

*K rushes out of the cell (repolarization) 

*cell becomes more negative b/c the K channes stays open longer than Na channel

	Why can’t an Action Potential travel backwards?
	B/C there is a refractory period (i.e. b/c of hyperpolarization, the cell is more neg. than when it was @ rest, so it is too far from threshold to regenerate another AP)

	What is the conduction velocity? How is this affected by myelin?
	Without myelin (a fatty substance that surrounds axons) AP’s are sent @ only 1 m/s. Myelin allows AP’s to send @ 100m/s.

	Where do the action potentials occur?
	These occur at the nodes of ranvier, which increases the speed of the signal.

	What are two diseases caused by demyelination of neurons?
	1. Multiple sclerosis

2. Heavy metal poisoning 

	What is Fugu?
	a.k.a. “puffer-fish”

*contain TTX (tetradotoxin) 

*TTX blocks VGNaC (can’t generate AP)

*causes death due to respiratory failure

	What are the 5 components of a nerve cell?
	Dendrites, nucleus, axon, collaterals, terminal buttons.

	What does “deccusation” mean?
	To cross (referring to the crossing of motor neurons)

	What is a “neuromuscular junction?”
	This is the synapse between terminal buttons and skeletal muscle.

	What is “clostridium botulinum?”
	*produces a toxin that prevents vesicles from being able to produce exocytosis

*can’t release Ach 

*muscles can’t produce AP (flaccid paralysis)

*die of respiratory failure

	What happens when bitten by a Black Widow spider?
	*venom causes permeability to Ca into cell

*too much Ach is exocytosed 

*muscles produce too many AP’s (spasmodic paralysis)

*die of respiratory failure

	Note… @ the neuromuscular junction, Ach… (doesn’t/does)
	Does bind to its receptors… it does not enter the skeletal muscle

	What is cholinesterase?
	This is an enzyme that breaks down Ach, which causes it to break free from its receptors, which causes the chemical gate to close (no more Na into the cell).

	How is Ach recycled back into the cell?
	There is an Ach pump that sends Ach back into the terminal button.

	What are two cholinesterase inhibitors? What is the result of blocking this enzyme?
	VX gas and Sarin gas

Results in spasmodic paralysis

	What chemical can reactivate cholinesterase?
	2-Pam Chloride (but too much will change twitchy symptoms to flaccidity)

	What are three neuromuscular blockers (Ach blockers)
	1. Curarie- general anesthesia (temporary)

2. Alpha Bungara Toxin- (permanent)

 Both make muscles flaccid

3. Myosthenia Gravis- autoimmune disease caused by antibodies that block Ach

	What is Neostigme?
	Treatment for Myosthenia Gravis (inhibits cholinesterase to allow Ach to bind longer to unblocked Ach receptors).

	What are two diseases that destroy upper and lower motor neurons?

(No AP’s …. Death of respiratory failure)
	1. Polio

2. Myotrophic lateral skelorsis (Lue Garrets Disease)

	Humans have how many pairs of spinal nerves?
	31

	What are the three general locations of spinal cord injuries, and what are the injuries?
	1. Paraplegic- Injury @ T6; paralysis from waist down 

2. Quadriplegic- Injury @ C5; paralysis from neck down

3. Quadriplegic- Injury @ C3; paralysis from neck down and respiratory failure (can’t contract diaphragm) 

	What is hypertrophy and atrophy?
	Make muscles larger by adding amt. of myofibrils in each fiber (hyper); or make muscles smaller by subtracting myofibrils (atrophy).

	Sarcolemma contain many __?__ … which are composed of __?__ …  
	*Myofibrils

*Sarcomeres

	What are the contractile and regulatory proteins in saromeres?
	*Contractile: myosin and actin

*Regulatory: troponin and tropomyosin

	Why is skeletal muscle considered “striated?”
	B/C it has long, repeating patterns of dark and light proteins (myosin and actin)

	What, basically, is the Sliding Filament Theory?
	It states that muscles contract by a means of myosin and actin sliding over each other, without changing in shape or size.

	What are the 4 steps of the Cross Bridge Cycle?
	1. ADP binds to myosin heads to make them cross bridge with actin 

2. The heads slide from 90 to 45 degrees

3. ATP binds to heads, detaching them from actin

4. Heads ratchet back from 45 to 90 degrees

	How is the Cross Bridge Cycle regenerated?
	ATPase breaks down ATP (after step 4) so:       

                     ATP( ADP + P

ADP binds to myo. heads & restarts cycle

	Why are troponin and tropomyosin considered “regulatory proteins?”
	B/C tropomyosin blocks the myosin from binding to actin, unless Ca binds to troponin (if Ca binds, tropomyosin slides over).

	How is tropomyosin moved so that the myosin and actin can form a cross bridge?
	*AP @ the SR causes a VGCaC to open

*Ca is released from the cell 

*Ca binds to troponin

*Troponin + Ca slides tropomyosin over

	What is the Sarcoplasmic Reticulum?
	A hollow protein that surrounds the myofibrils.

	What are the two parts of the SR?
	1. Terminal cisternae (ends of the barbell)

2. Longitudinal SR

	What is SERCA, and what is its function?
	A Ca pump! It pumps Ca from the intracellular fluid into the SR.

	Why does Rigor Mortis occur?
	*Ca leaks out of cell

*Ca binds to troponin 

*Tropomyosin moves & myosin/actin bind

*Heads get stuck @ 45 degrees b/c there’s no ATP to release heads

*Muscles are stuck in contraction

	Features of slow-twitch muscles
	*red in color

*take a longer time to contract

*provide long duration

*produce ATP aerobically (require O2)

*contain mostly mitochondria

	Features of fast-twitch muscles
	*pale/white in color

*take less time to contract

*fatigue faster

*have really fast myosin ATPase (ATP breaks down faster = faster contraction)

*have twice as much SR

*produce ATP anaerobically (no O2)

	What are the byproducts of slow-twitch muscles?
	Lactic acid (b/c they produce ATP aerobically)

	What are the byproducts of fast-twitch muscles?
	CO2 and H2O

	What is a “motor unit?”
	A motor nerve and the fibers it innervates

	What is “recruitment?” 
	This refers to the fact that a motor unit can recruit various amounts of motor units to enable a variance of force.

	What is “length tension?”
	Refers to the max length that skeletal muscle can be stretched (when stretched too far, it looses the ability to contract b/c actin and myosin heads are too far to bind).

	What is a “T-tube?”
	A deep invagination of the SR that allows AP to go into the sarcolemma so that ALL myofibrils receive the AP.


Essay Question: Draw a nerve action potential, identify the important components. Explain the physiological mechanisms (diffusion, electrical attraction) responsible for causing an action potential (ion movements, gates). Last, compare and contrast conduction in myelinated vs. unmyelinated neurons.

ACTION POTENTIAL
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A. Threshold -50mv

B. Depolarization -50mv to +30mv

C. Repolarization +30mv to -90mv

D. Hyperpolarization -100mv

E. Resting membrane potential -80mv

· Action potential requires the movement of ions in and out of a cell 

· AP begins @ threshold b/c of voltage change to -50mv

· Change in voltage to -50mv opens the VGNaC

· Na moves into the cell b/c of chemical attraction to negative charge and diffusional forces sending Na to lower concentration

· Rush of Na into the cell changes the voltage to +30mv (AP) 

· Change in voltage to +30mv opens the VGKC

· K moves out of the cell b/c of electrical forces and diffusional forces sending K to lower concentration 

· The VGKC stays open for 3-4ms, letting out a lot of K (hyperpolarization occurs)

· b/c of hyperpolarization, AP cannot go backwards on the axon and no new AP can be generated until the cell is in resting potential

· Na/K pump regulates Na and K and returns cell back to resting potential (-80mv)

CONDUCTION VELOCITY

· Conduction velocity is related to the presence of myelin

· Myelin- a fatty substance that surrounds axons and increases the conduction velocity to 100m/s

· In unmyelinated neurons, the conduction velocity is only 1m/s 

Essay Question: Draw a neuro-muscular junction. Explain how one nerve AP causes one muscle AP. Last, compare and contrast the physiological effects of curare vs. nerve gas (i.e. a cholinesterase inhibitor).

NERVE AP ( MUSCULAR AP
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· AP travels down the axon ( reaches the collateral ( reaches the terminal button

· This causes a change in voltage that opens the VGCaC (in terminal button)

· Rush of Ca into the cell makes Ach exocytose 

· Ach binds to Ach receptors on motor end plate

· Chemically sensitive Na gates (attached to Ach receptors) open

· Na in synapse (extracellular fluid) rushes into the skeletal muscle

· One AP occurs in the skeletal muscle causing one muscle AP

· After contraction, Ach is broken down by cholinesterase 

· Ach breaks from Ach receptors

· Chemically sensitive Na gates close

· AP stops

CHOLINESTERASE INHIBITORS 

**Sarin gas

· Inhibits cholinesterase

· Ach can’t be broken down from receptors 

· AP’s keep sending to skeletal muscles 

· results in spasmodic paralysis and death from respiratory failure 

**Curare

· Blocks Ach receptors by binding in the place of Ach 

· Ach in inhibited from attaching to Ach receptors when AP is sent

· AP’s can’t reach the skeletal muscles 

· results in flaccid paralysis and death from respiratory failure
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Essay Question: Draw a sarcomere. Explain the sliding filament theory of muscular contraction. Then, explain the physiological rational for rigor mortis. Last, compare and contrast fast and slow twitch muscles. 

SLIDING FILAMENT THEORY

· Basic concept: muscles contract b/c Z-lines get closer together b/c actin and myosin slide over each other, but do not change in size or shape

· Sarcomere contraction is due to the cross bridge cycle

· Cross bridge cycle can not occur until regulatory proteins (troponin and tropomyosin) are moved 

· Troponin and tropomyosin block actin and myosin heads from forming cross bridges when cells are in resting potential

· These move when AP’s are sent to the sarcoplasmic reticulum 

· A VGCaC (in the terminal cisternae) opens 

· Ca is released from SR

· Ca binds to troponin

· Tropomyosin slides over 

· Cross bridge cycle begins: 

1. ADP binds to myosin heads to make them cross bridge with actin 

2. The heads slide from 90 to 45 degrees

3. ATP binds to heads, detaching them from actin

4. Heads ratchet back from 45 to 90 degrees

· Cross bridge cycle is regenerated b/c ATPase breaks down ATP (after step 4) so:       

                     ATP( ADP + P

· ADP binds to myosin heads & restarts cycle

· Repetition of this cycle moves the Z-lines closer together, resulting in muscular contraction

RIGORMORTIS

· Body is stuck in cross bridge cycle between step 2-3

· Ca in SR leaks out

· Ca binds to troponin

· Troponin + Ca slides the tropomyosin over

· Myosin heads form cross bridge with actin and slide to 45 degrees

· Body no longer produces ATP, so heads become stuck 

FAST/SLOW TWITCH MUSCLES

Slow: red in color, take a longer time to contract, provide long duration, produce ATP aerobically (require O2), contain mostly mitochondria, byproduct= lactic acid

Fast: pale/white in color, take less time to contract, fatigue faster, have really fast myosin ATPase (ATP breaks down faster = faster contraction), have twice as much SR, produce ATP anaerobically (no O2), byproducts= CO2 & H2O
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