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Exam 1, 2010: PEP 426 Intermediate Exercise Physiology
Section 1: Multiple Choice

Select the response that best answers each of the following questions.

1.  Which of the following molecules has the lowest reduction potential?

a. FAD+

b. ½ O2

c. NAD+

d. FMN

e. citochrome C
2.  The respective ATP equivalents for NADH and FADH2 within the mitochondria are ……….


a. 3 and 2


b. 1 and 3


c. 4 and 2


d. 2 and 3


e. 5 and 2

3.
Increased lactate production occurs when ………… 


a. there is insufficient oxygen

b. pyruvate production exceeds the capacity of mitochondrial respiration

c. there is increased fast twitch motor unit recruitment

d. there is a slight build up/increase in cytosolic NADH

e. all of the above
4.  When starting with glucose, the net yield of glycolysis is:


a. 2 ATP, 2 pyruvate, 2 NADH, 2 H+, 2 H2O

b. 1 lactate, 1 NAD+

c. 3 CO2, 3 ATP, 3 NADH, 3 FADH 


d. 3 ATP, 2 pyruvate, 2 NADH, 1 H+, 2 H2O

e. 1 CO2, 1 ATP, 1 NADH, 1 FADH

5. Which nutrient yields an RER = 0.7 when completely combusted in the body?

a. carbohydrate 

b. alcohol 

c. protein

d. fat

e. glycerol 

6. The monocarboxylate transporter transports what molecules/elements from muscle fibers?
a. HCO3-
b. malate + H+
c. Lactate + NAD+
d. Na+ + K+
e. Lactate + H+
7. Which test will yield the greatest peak power?
a. Steady state exercise at an RER = 0.95
b. Wingate Test
c. VO2max Test
d. Vertical jump
e. Margaria Power Test
8. During skeletal muscle contraction, Ca2+ binds to which protein?
a. actin
b. tropmyosin
c. troponin
d. titin
e. heavy myosin
9. The allosteric activator of PFK and phosphorylase is …….. 

a. NH4
b. Pi
c. ADP
d. FAD+
e. AMP
10. The purpose of the glycerol-3-phosphate shuttle is to transport electrons and protons from cytosolic _________ to mitochondrial ____________.

a. NADH, NADH
b. NADH, FADH2
c. FADH2, FADH2
d. FADH2, NADH

e. ADP, ATP

11.
The two main sources of proton release during catabolism in skeletal muscle are,


a. pyruvate and lactate


b. amino acid oxidation and lipolysis

c. electron transport and TCA cycle  


d. NAD+ and FAD+

e. glycolysis and ATP hydrolysis

12.
Two important functions of enzymes are to ……..


a. change endergonic reactions to exergonic reactions and release heat

b. allow metabolic regulation and slow down chemical reactions

c. buffer H+ during acidosis and produce water

d. increase the rate of chemical reactions and to couple endergonic to exergonic reactions

e. increase the rate of chemical reactions and to provide amino acids for catabolism during intense exercise
13.
Ammonia (NH3 or NH4+) is produced from …………? 


a. glycolysis


b. the AMP deaminase reaction and amino acid deamination/oxidation


c. the TCA cycle


d. the electron transport chain


e. the creatine kinase reaction

14.  Which of the following statements is most correct?

a. metabolic acidosis is caused by the production of lactic acid

b. muscle acidosis decreases muscle force production


c. muscle soreness during intense exercise is caused by lactic acid accumulation

d. systemic acidosis influences CNS function leading to perceptions of fatigue

e. there is a rapid recovery from systemic and muscle acidosis
15.  For every molecule of acetyl CoA entering and catabolised during one complete cycle of the TCA cycle, the following are produced:


a. 2 CO2, 1 GTP (ATP), 3 NADH, 1 FADH2

b. 1 lactate, 1 NAD+

c. 3 CO2, 3 ATP, 3 NADH, 3 FADH2 


d. 4 CO2, 2 ATP, 6 NADH, 2 FADH2

e. 1 CO2, 1 ATP, 1 NADH, 1 FADH2
Section 2: True/False

Write either T (true) or F (false) on the answer sheet provided.

1. Palmitate is a 12 carbon fatty acid that can diffuse into the mitochondria.

2. Carbohydrate and fats produce the same amount of CO2 during catabolism.

3. Nerve action potentials in fast twitch motor units are conducted faster than in slow twitch motor units.

4. Molecular oxygen has the highest reduction potential of all molecules involved in the electron transport chain.

5. Lactate diffuses through the sarcolemma of muscle to get into blood.

6. For every 2 molecules of acetyl CoA produced, carbohydrate catabolism yields more net ATP than fat catabolism.

7. Cycling at a cadence of 80 rev/min and a load of 2.75 kg, results in 298 Watts.

8. The myosin ATPase in muscle is the same (structure and function) in all fiber types from the different motor units.

9. Glycogenin is the name of the protein core of glycogen.

10. Inorganic phosphate (Pi) is an acid and its accumulation in muscle contributes to metabolic acidosis.

11. 31P MRS can provide an accurate calculation of intramuscular pH.
12. The creatine kinase reaction, in the direction of ATP regeneration, consumes a proton and thereby functions as a metabolic proton buffer.

13. Creatine phosphate is only important to muscle metabolism during short term intense exercise.
14. Acetylcholine is the neurotransmitter at the neuromuscular junction.
15. Muscle pH is 7.0 at rest and can decrease to between 6.0 to 6.4 during severe metabolic acidosis.
Section 3: Short Response

Write your answers in the spaces provided on the answer sheet.

1. Why is it impossible for any living cell to use almost all of cellular ATP during times of high ATP demand?

2. Calculate the steady state VO2 for running at 8 mi/hr up a 4% grade.  What type of athlete (assume body mass = 75 kg) could attain this feat?  Explain.
3. Why are fast twitch motor units more difficult to recruit during exercise?

4. Explain how electrons and protons are used in the regeneration of ATP during mitochondrial respiration?
5. Explain the differences in the computation and interpretations of the standard delta G (ΔG(’) and absolute delta G (ΔG) for a given reaction.  Also explain why the two values (ΔG(’ vs. ΔG) can be so different.
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where R =0.001987 Kcal /mol /°K
T = absolute cell temperature,°K
In=2.303log,,
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6. Calculate the data from indirect calorimetry from the following measured values.
Body weight = 79 kg ; Room Temperature = 21 (C ;Barometric Pressure = 635 mmHg
VE ATPS = 102 L/min  ; FEO2 = 0.1668 ; FECO2 = 0.0398
VE STPD = VE ATPS x (273/(273 + Troom)) x ((PB – PH2O)/760 )
VI STPD = VE STPD x ((0.9906 – (FEO2 + FECO2))/0.7808)

VO2 STPD = (VE STPD x ((0.9906 – (FEO2 + FECO2))/0.7808) x 0.2095) – (VE x FEO2)

or

VO2 STPD = (VI STPD x 0.2095) – (VE STPD x FEO2)

VCO2 STPD = (VE STPD x FECO2) – (VI STPD x 0.0003)

RER = VCO2 / VO2
7. Calculate VE STPD
8. Calculate VI STPD
9. Calculate VO2, VCO2 and RER? 
10. Using the RER table provided, calculate the contribution (% and grams) of fat and carbohydrate to metabolism.
11. Comment on the metabolic/exercise condition and the fitness of the subject that is likely to be associated with these numbers.
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Note that R = molar gas constant.
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	Temp ((C)
	PH2O (mmHg)

	14
	12.9

	15
	13.5

	16
	14.1

	17
	14.9

	18
	15.5

	19
	16.5

	20
	17.5

	21
	18.7

	22
	19.8

	23
	21.1

	24
	22.4

	25
	23.8

	26
	25.2

	27
	26.7

	28
	28.3

	29
	30.0

	30
	31.8

	31
	33.7

	32
	35.7

	33
	37.7

	34
	39.9

	35
	42.2

	36
	44.6

	37
	47.1

	38
	49.4

	39
	52.0

	40
	54.7


	VO2 units
	System
	Equation 

	
	
	(horizontal + vertical + resting)

	Treadmill Walking

	mL/kg/min
	metric
	(km/hr x 1.6667) + ((%grade/100) x km/hr x 30) + 3.5

	mL/kg/min
	imperial
	(mi/hr x 2.6834) + ((%grade/100) x mi/hr x 48.3) + 3.5

	Treadmill Running

	mL/kg/min
	metric
	(km/hr x 3.3333) + ((%grade/100) x km/hr x 15) + 3.5

	mL/kg/min
	imperial
	(mi/hr x 5.3668) + ((%grade/100) x mi/hr x 24.15) + 3.5

	Cycle Ergometry

	mL/min (ACSM)
	Watts
	0 + (Watts x 12.236) + (3.5 x kg body mass)

	mL/min (ACSM)
	kgm/min
	0 + (kgm/min x 2) + (3.5 x kg body mass)

	mL/min (Latin)
	Males
	0 + ((Watts x 11.624) + 260) + (3.5 x kg body mass)

	mL/min (Latin)
	Females
	0 + ((Watts x 9.7892) + 205) + (3.5 x kg body mass)

	Arm Ergometry

	mL/min
	Watts
	0 + (kgm/min x 18.354) + (3.5 x kg body mass)

	mL/min
	metric
	0 + (kgm/min x 3) + (3.5 x kg body mass)

	Bench Stepping

	mL/kg/min
	metric
	(steps/min x 0.35) + (step ht cms x steps/min x 0.02394) + 3.5

	mL/kg/min
	imperial
	(steps/min x 0.35) + (step ht inches x steps/min x 0.06081) + 3.5
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