Biology 305 Laboratory Midterm Exam KEY
Spring 2008
Multiple Choice (3 Pts. Each)
NOTE:  Question order reflects only one version of the exam (Tan Color).  The Green exam has the same questions, but in a different order. 
1. Which of the following is TRUE?

All action potentials (APs) fired from a single neuron are the same amplitude

2. A vertebrate motor unit is composed of:

A single motor neuron and all the muscle fibers innervated by that neuron

3. The ________________end of the sciatic nerve in R. pipiens is closest to the knee.

Distal

4. Which of the following muscle fiber type fatigues most quickly?

Fast twitch glycolytic

5. The sciatic nerve of vertebrates is composed of:

None of the above

6. Which of the following is TRUE regarding the MRO system of the crayfish P. clarkii?

Each MRO nerve consists of a single MRO1 neuron and a single MRO2 neuron

7. The _____________________________is the term used to describe the specialized synapse between a motor neuron and a muscle fiber and ___________ is the neurotransmitter released there.

Neuromuscular junction; acetylcholine

8. One of the major differences in the nerve-muscle system of the crayfish and leopard frog we studied is that the sciatic nerve ______________while the MRO nerve _____________________. 

Controls contraction of muscle; is stimulated by stretch of muscle

Short Answer (5 pts. Each)
9.  




10.  
· Reflex: 

· 2 Pts. For Definition of Reflex (accept any of the following): 

· Involuntary, stereotypical motor response to sensory stimuli

· Rapid responses that connect sensory neurons with motor neurons in a way that bypasses the brain
· An involuntary/rapid/stereotypical response to sensory stimulation that does not require input from the BRAIN
· Note:  No Credit if answer declares that reflexes do NOT require CNS!!!
· 3 Pts. For the Following: 

· Input from brain is NOT necessary for a reflex to occur

· Although the brain is not required, it can inhibit (or partially inhibit) a reflex response

· Purpose of mental/motor activity is to “engage” the brain so that the reflex is not inhibited or dampened
11. 
· If you excise a single neuron and stimulate it at the trigger zone: 
· 2 Pts  APs will propagate uni-directionally
·  Just like they do in an intact neuron (in vivo)
· 3 Pts  For Explanation:

· The input zones of neurons (dendrites & cell body) do not have, or have few, V-gated Na+ channels, which are responsible for propagating APs

· Without those channels, APs cannot be fired in these regions, even if charge spreads in that direction (which it does)
· APs in this scenario will propagate towards the axon terminal only (and not the other direction)

Long Answer (10 pts. Each)
12. 
· 1 pt. – Stimulus: 

· Tap on the pulse transducer, which creates a deflection on the trace (computer monitor)
· 1 pt.  –  Pulse transducer:
· Converts the tap into an electrical signal, which is fed into the iWorx box for digitization

· 1 pt.  – Receptors and/or specialized sensory neurons
·  Sense visual presentation of the stimulus.  These visual receptors (in eye) translate the stimulus into electrical impulses (APs).  

· 1 pt. – Afferent pathway
·   Signals travel through a series of sensory neurons from the periphery (eyes = sensory organ) to the CNS.

· 1 pt.—CNS:
· Contains interneurons (neurons found entirely within in the CNS) that interpret the sensory information received from the afferent pathway and initiate a response

· 1 pt. --Efferent Path:
· Composed of motor neurons that carry signals from the CNS toward the periphery, where the motor neurons synapse onto effector(s).

· 1 pt.  Effector(s):
· Skeletal muscle(s) of the hand carry out the response.

· 1 pt.  Response:
· Subject depresses a button on the Events Marker.

· 1 pt.  Events Marker:
· Sends an electrical signal  (transduced from the pressing of the event marker button) to the iWorx box, which digitizes the signal.

· 1 pt.  LabScribe Software:

· Displays both the stimulus and response as deflections in the trace.  

· Allows the reaction time (time between the stimulus and response) to be measured.

Essay Questions (25 pts. Each)  
Choose only TWO of the following THREE essay questions to answer.  If you answer all of the questions, only the first two will be graded! 

13. 
1 Pt.   MRO = Muscle Receptor Organ
· Description of MRO Anatomy: 

· 2 Pts. Each MRO = 
· a sensory neuron
· plus the superficial extensor muscle
· 2 Pts. MRO1 is stimulated by stretch of the superficial flexor muscle (caused when the crayfish tail (abdomen) is curled)
                                   














14. 
	Stimulus Amplitude (Volts)
	Muscle Response (Volts)

	0.0 V
	0.0 V

	0.25 V
	0.0 V

	0.35 V
	0.10 V

	0.45 V
	0.19 V

	0.55 V
	0.31 V

	0.65 V
	0.40 V

	0.75 V
	0.40 V


	Experiment A
	Experiment B
	Experiment C
	Experiment D

	N = 1
	N = 5
	N = 15
	N = 15

	Amp = 0.35
	Amp = 0.25
	Amp = 0.65
	Amp = 0.65

	F (Hz) = 1
	F (Hz) = 1
	F (Hz) = 5
	F (Hz) = 30
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· In Experiment A
· You were asked to apply supra-threshold stimulus to the nerve
· 1 Pt.  A single stimulus (N = 1) should elicit a single twitch from the muscle 
· 2 Pt.  The Amplitude of the stimulus (Amp = 0.35 V) is very low and should result in a muscle contraction of minimal amplitude since it represents the first response from the muscle 

· 1 Pt.  Frequency of stimuli (Hz) is not relevant here since we are only applying a single stimulus (N = 1)

· In Experiment B
· 1 Pt.  You are asked to apply 5 stimuli (N = 5) at a frequency of 1 Hz, which should normally produce a series of 5 muscle twitches with a total response duration of 5 seconds

· 2 Pt.   HOWEVER, the stimuli are all BELOW THRESHOLD (Amp = 0.25 V) so there is NO RESPONSE from the muscle!
· In Experiment C
· 2 Pts. The amplitude of the stimuli (Amp = 0.65) is that which  normally elicits the maximum response from the  muscle
· The response amplitude should therefore be significantly greater than in Experiment A (at least 4 times the amplitude)
· 1 Pt.  Applying multiple stimuli (N = 15) at a frequency of 5 Hz (F = 5) should elicit summation in the muscle
· 1 Pt.  The response duration should be approximately 3 seconds (15 stimuli applied at 5 stimuli per second = 3 seconds)
· In Experiment D
· 1 Pt. While the stimulus (Amp) is the same as Experiment C,   the response amplitude should be greater because
· 1 Pt. Applying multiple stimuli (N = 15) at a frequency of 30 Hz (F = 30) should elicit tetanus in the muscle 
· 1 Pt.  The response duration should be approximately 0.5 seconds (15 stimuli applied at 30 stimuli per second)
15. 
Eliciting the First Response from the Muscle:
· Set LabScribe to apply:

· 2 Pts.   Single stimuli of decreasing amplitude to the nerve
· The First Response:
· 2 Pt.   Is the lowest amplitude response from the muscle 
· The Significance of the First Response:

· 2 Pts. The first response signifies that one or more motor neurons have reached threshold and have fired an Action Potential
· 2 Pts. The muscle fibers innervated by those motor neurons contract, yielding a small amplitude response (small contractile force)

Eliciting the “Maximum Response” from the Muscle:

· Set LabScribe to apply:

· 2 Pts.   Single stimuli of increasing amplitude to the nerve
· The Maximum Response:
· 2 Pts.  Is the value (Volts) at which no further increases in response amplitude can be achieved through increases in stimulus amplitude
· The Significance of the Maximum Response:

· All motor units have been recruited to respond:
· 2 Pt. All motor neurons in the nerve have reached threshold and are firing action potentials

· 2 Pt.  All the fibers in the muscle are contracting 
To Elicit A Response of Greatest Force: 

· 1 Pt. You must induce tetanus in the muscle

· 2 Pts. A muscle in tetanus generates the greatest amount of force at a given stimulus amplitude  
· To Elicit Tetanus, Set LabScribe to Apply:

· 2 Pts. Multiple stimuli to the nerve (N = above 1)
· 2 Pts.  Stimuli at an amplitude that yields the maximum response (determined above)
· 2 Pts.  Stimuli at a high enough frequency to induce tetanus (f = 30 Hz for example)
Experiment:    A                   B                           C  	                    D  








2 Pts for correct drawing











          Motor neuron








3 Pts. For Definition:


Multiterminal innervation involves a single motor neuron that synapses MULTIPLE TIMES (more than once) on a SINGLE  MUSCLE FIBER











1 Pt. Time (seconds)





2 Pts.            2 Pts.                        2 Pts.                            2 Pts.
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2 Pts. Muscle Response (Force) 


Volts





MRO1 Response to Changes in Stimulus Intensity


(Increasing Stimulus Intensity ()
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   Time   (seconds) = 1 pt. 








NOTE (From Trace Above):


1 pt.  –  Must label stimulus intensity OR show direction of increasing stimulus intensity on trace


2 pts. – Trace must show progressively higher frequency response with increasing stimulus intensity


2 pts. -- Amplitude of the responses should NOT change








Conclusions Regarding MRO1:


2 Pts. MRO1 encodes stimulus intensity with the frequency of APs fired from its sensory neuron.  





More stretch applied to muscle (  greater AP frequency from MRO1 neuron














Conclusions Regarding Adaptation:





2 Pts. The longer the stimulus is in place, the lower the frequency of APs from MRO1








MRO1 Sensory Adaptation
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1 pt. 

















Definition of Sensory Adaptation:


Should include the following idea(s) or something similar:


3 Pts.  Decrease in response (or  sensitivity) to a stimulus of constant intensity applied over a long duration  














1pt.  Time (sec) /duration of stimulus








NOTE (Regarding Trace Above):


2 pts.—Trace must show response frequency decreasing over time.





2 pts.—Amplitude of responses should NOT change!


    








