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Temple University

Dental Physiology, D-277

Summer, 2009

Unit Examination 1
Dr. S .P. DRISKA, Ph.D.            
        April 29, 2010            

__________________________________________________________________________________________

Name: _________________________                                                   
Directions:
PRINT and KEY IN your name and your 9 digit student number on the blue answer sheet, in the spaces provided.  This examination consists of 30 questions on 7 pages.  You have 55 minutes to complete it.  Blacken in the space on the answer sheet corresponding to your choice with a number 2 pencil, soft lead mechanical pencil or equivalent.  Be aware that, in some questions, a group of choices may be correct.  If you must use an eraser on your blue answer sheet, do so NEATLY. Turn in the blue answer sheet and keep the questions. A key will be posted shortly.  All EXAMINATIONS are given under the conditions stipulated by the Honor Board.
________________________________________________________________________
1. A nonelectrolyte is diffusing in free solution.  In 10 seconds the average solute molecule has diffused a distance (
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) of 50 (m.  Approximately how far will the average solute molecule diffuse in 20 seconds?

A. 200 (m. 

B. 141 (m. 

C. 100 (m. 

D. *70 (m. 

E. 50 (m. 

2. Hydrophobic solutes such as free fatty acids enter human cells: 

F. through aquaporins.

G. by solvent drag.

H. *by dissolving in the phospholipid bilayer and diffusing across it.

I. by a carrier-mediated transport mechanism called Na+/fatty acid co-transport.

J. by ATP-driven active transport. 

3. Which statement is always true about the movement of solutes across the cell membrane by diffusion?

K. *The net flux of a solute by diffusion is directly proportional to its concentration difference ((C) across the membrane.

L. The net flux of a solute by diffusion is directly proportional to the thickness of the membrane ((x).

M. ATP is required for movement of the solute by diffusion.

N. Large hydrophilic solutes (greater than about 6 carbon atoms) can cross most cell membranes very easily by diffusion.

4. Which statement is always true about the movement of nonelectrolytes across the cell membrane by facilitated diffusion (also known as facilitated transport or the simple carrier)?

O. The net flux of a solute by facilitated diffusion is directly proportional to its concentration difference ((C) across the membrane.

P. The net flux of a solute by facilitated diffusion is directly proportional to the thickness of the membrane ((x).

Q. *The net flux of the nonelectrolyte by facilitated diffusion is independent of the value of membrane potential (Em).

R. ATP is required for transport of the nonelectrolyte by facilitated diffusion.
5. You are doing a lab experiment where you will be putting normal red blood cells into a large volume of a solution whose composition is 120 mM NaCl, 200 mM urea. Relative to the normal blood cells, this solution is: 

S. iso-osmotic and isotonic 

T. hypo-osmotic and hypotonic  

U. hyper-osmotic and hypertonic 

V. hyper-osmotic and isotonic 

W. *hyper-osmotic and hypotonic 

6. If a blood cell has a volume of 100 pL under normal conditions, what will its approximate final volume be when placed into a large volume of a solution that is 100 mM NaCl plus 18 mM sucrose? 

X. 67 pL 

Y. 75 pL

Z. 100 pL 

AA. *133 pL 

AB. 200 pL

7. During each pump cycle, the Na+/K+ ATPase pump transports 

AC. 2 Na+ ions out of the cell, 2 K+ ions into the cell, and uses 1 ATP. 

AD. 3 Na+ ions out of the cell, 3 K+ ions into the cell, and uses 1 ATP. 

AE. 2 Na+ ions out of the cell, 3 K+ ions into the cell, and uses 1 ATP. 

AF. *3 Na+ ions out of the cell, 2 K+ ions into the cell, and uses 1 ATP. 

AG. some Na+ out of the cell and some K+ into the cell, but there is no fixed ratio of Na+ to K+ transported. 

8. When a cell is at its resting membrane potential, how does the electrochemical potential of Na+ inside the cell compare to the electrochemical potential of Na+ outside the cell?

AH. The electrochemical potential of Na+ inside and outside the cell is the same because Na+ is at equilibrium. 

AI. *The electrochemical potential of Na+ inside the cell is less than it is outside the cell. 

AJ. The electrochemical potential of Na+ inside the cell is more than it is outside the cell. 

9. Assume that a nerve’s K+ equilibrium potential (EK) is  -90 mV and its K+ conductance is always 200 nanoSiemens (the conductance is not affected by membrane potential).  At what value of membrane potential will there be the largest K+ current? 

AK. *+20 mV 

AL. 0 mV 

AM. -55 mV 

AN. -75 mV 

AO. -90 mV 

10. Use the chord conductance equation to calculate Em, the resting membrane potential, of a nerve that is only permeable to Na+ and K+, given the following information:  gNa = 300 nSiemens,  gK = 600 nSiemens, ENa = + 70 mV, and EK = ‑75 mV. (Note: these values are slightly different than what we used in class.)

AP. Em =  +70 mV

AQ. Em =  *-27 mV

AR. Em =  -57 mV 

AS. Em =  -60.5 mV

AT. Em =  -75 mV

11. What is EK, the Nernst equilibrium potential for K+, when the [K+] inside the cell is 120 mM and the [K+] outside the cell is 6.0 mM?  (Note: Since these concentrations are not in the normal range, EK may not be the same as the normal value we used in class.)

AU. EK = - 15 mV

AV. *EK =  -79 mV

AW. EK =  - 90 mV

AX. EK =  - 120 mV

12. Which of these statements about a nerve at its resting membrane potential is FALSE?
AY. Na+ ions are entering the nerve.

AZ. K+ ions are leaving the nerve.

BA. The Na+/K+ pumps are running and they are “putting the ions back where they belong”.

BB. *The nerve cell is in equilibrium.

13. When are the maximum number of voltage-activated Na+ channels open in an unmyelinated axon?  (Hint: in other words, when is the sodium conductance, gNa,  at its maximum?)

BC. at the resting potential 

BD. during the upstroke of the action potential 

BE. *at the peak of the action potential 

BF. during the downstroke of the action potential 

BG. during the undershoot 
14. Which best describes the state of the gates on a nerve voltage-dependent Na+ channel when the channel is inactivated?

BH. m gate open, h gate open

BI. m gate closed, h gate open

BJ. *m gate open, h gate closed

BK. m gate closed, h gate closed

15. At the peak of an action potential in a small cell that is only permeable to Na+ and K+, the total membrane conductance (gK + gNa)

BL. *is greater than the total membrane conductance (gK + gNa) at the resting membrane potential.

BM. is less than the total membrane conductance (gK + gNa) at the resting membrane potential.

BN. is the same as the total membrane conductance (gK + gNa) at the resting membrane potential.

BO. It is not possible to make simple generalizations like these. 

16. At the peak of a nerve action potential,

BP. the intracellular Na+ concentration is greater than the intracellular K+ concentration.

BQ. the intracellular Na+ concentration is the significantly more (at least 5% more) than it is when the nerve is at its resting membrane potential.

BR. the intracellular Na+ concentration is the significantly less (at least 5% less) than it is when the nerve is at its resting membrane potential.

BS. *the intracellular Na+ concentration is the about same as it is when the nerve is at its resting membrane potential.

17. In a healthy nerve axon, an action potential is conducted in one direction and does not reverse directions because 

BT. positive charge flows through the axoplasm only in the direction of action potential propagation, and no current flows in the opposite direction.

BU. positive charge flows through the axoplasm in both directions, but when the positive charge leaves the axon as a K+ current, it hyperpolarizes the membrane and prevents the nerve from reaching threshold. 

BV. *the membrane in the region behind the advancing action potential is in its refractory period and the Na+ channels there are inactivated and cannot yet open and start another action potential.

BW. the Na+ concentration inside the axon is so high after the action potential passes by, there is no longer a driving force for Na+ to enter the axon and start another action potential.

18. Which of these axons from the same animal will have the lowest conduction velocity, in meters per second?

BX. a myelinated axon with a diameter of 2 (m 

BY. a myelinated axon with a diameter of 5 (m 

BZ. *an unmyelinated axon with a diameter of 2 (m 

CA. an unmyelinated axon with a diameter of 5 (m 
19. An action potential is traveling along a myelinated axon. What happens to the positive charge carried by the Na+ ions that entered the axon at the nodes of Ranvier? 

CB. *It leaves as K+ currents that are non-uniformly distributed along the axon.

CC. All of it leaves the axon through K+ channels behind the advancing action potential. 

CD. All of it leaves the axon through K+ channels at the same node of Ranvier where the Na+ entered. 

CE. It remains inside the nerve until the action potential reaches the nerve terminal. 

20. When (-aminobutyric acid (GABA) binds to a GABAA receptor:

CF. it opens a channel that is permeable to both Na+ and K+.

CG. it opens a channel that is permeable to Na+, K+, and sometimes Ca2+.

CH. *it opens a channel that is permeable to Cl-.

CI. it does not directly open any channels but it is nevertheless inhibitory. 

21. When glutamate binds to AMPA receptors in the CNS 

CJ. Mg2+ ions can block the receptor’s ion channels if the postsynaptic membrane potential is near the resting potential. 

CK. it causes slow EPSP’s. 

CL. *Na+ and K+ can pass through the receptor’s ion channels.  

CM. the postsynaptic effects are not understood because the AMPA receptor is  metabotropic. 

22. The nicotinic acetylcholine receptor (nAChR) at the neuromuscular junction 

CN. is an example of a metabotropic receptor. 

CO. is blocked by atropine. 

CP. *has an ion channel that is permeable to both Na+ and K+ when acetylcholine binds to the receptor. 

CQ. has an ion channel that is permeable to Na+, but not K+, when acetylcholine binds to the receptor. 

23. Botulinum toxin paralyzes skeletal muscles because:

CR. the toxin destroys acetylcholine in the synaptic left before it can reach the acetylcholine receptors.

CS. *the toxin is a protease that attacks specific proteins in the presynaptic (motor) nerve terminal and prevents acetylcholine release. 

CT. the toxin blocks the binding site on the acetylcholine receptor so that acetylcholine can’t bind.

CU. the toxin blocks voltage-dependent Na+ channels in the muscle membrane, making it incapable of firing an action potential.

24. Which part of a nerve cell has the lowest threshold and is usually the place where action potentials start?

CV. *the axon hillock

CW. the myelinated part of the axon

CX. the dendrites

CY. the soma
25. Which statement about healthy, relaxed skeletal muscle is true?

CZ. Most of the myosin crossbridges are in the rigor conformation and they do not have ATP or ADP bound to them.

DA. The sarcoplasmic reticulum is releasing Ca2+ to the cytoplasm at the maximum rate possible.

DB. All of the Ca2+ binding sites on troponin C are occupied by Ca2+.

DC. *When relaxed, skeletal muscle can be stretched easily.
26. When a skeletal muscle fiber fires action potentials at a very high rate it develops more force (a tetanus) than it does in a single twitch: 

DD. *because in a tetanus, there is more time for the contractile machinery (crossbridges) to stretch the series elastic component (SEC) and transmit more force to the outside world. 

DE. because in a tetanus, the peak cytoplasmic Ca2+ concentration attained is much higher than it is in a single twitch. 

DF. because in a tetanus, the high rate of action potentials causes a large increase in the cytoplasmic Na+ concentration, which increases the ATPase activity of the myosin crossbridge. 

DG. because in a tetanus, the high rate of action potentials uses up most of the ATP in the muscle, causing rigor crossbridges to form. 

27. Which of these proteins in skeletal muscle does not consume ATP? 

DH. myosin 

DI. *troponin C 

DJ. the sarcoplasmic reticulum Ca2+ pump 

DK. the Na+/K+ pump 

28. Compared to skeletal muscle, smooth muscle: 

DL. *shortens more slowly.  

DM. consumes more ATP. 

DN. cannot shorten as much. 

DO. has more troponin. 

Questions 29 & 30 ONLY:  Use the skeletal muscle length-tension curve below to answer the following questions: 

29. [image: image1.wmf]  
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You are studying a skeletal muscle by having it do a series of afterloaded isotonic contractions where the muscle attempts to lift a 44 gram load off the table and shorten as much as it can. You do this experiment starting at many different muscle lengths and you find that the muscle can lift the load off the table at some muscle lengths but not others.  At which of these muscle lengths will the muscle be able to lift the load off the table? 

DP. 60 mm 

DQ. 70 mm 

DR. *92 mm 

DS. 100 mm 

DT. 140 mm

30. If you start the experiment with a muscle length (preload) of 120 mm and have the muscle lift a 20 gram weight off the table, the greatest amount of muscle shortening possible will be about: 

DU. 0 mm (the muscle will not be able to lift the load off the table.)  

DV. 30 mm 

DW. *62 mm 

DX. 68 mm 

DY. 120 mm 

_1207504623.unknown

