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1. (14 pts) After sleeping through the night, your blood sugar is low.  Your body responds by initiating a 
series of events. 
A. (2 pts)  Low blood sugar after the long night sleep stimulates the pancreas to produce a hormone, 

which stimulates the liver to produce and release glucose for the brain and muscles to use.  
 

Name this hormone: ___glucagon_________  
 

B. (2 pts, circle correct word from each pair in parentheses)  Binding of this hormone to liver cell 

receptors will activate a signaling pathway that will lead to (phosphorylation / dephosphorylation) 

and (activation / deactivation) of glycogen synthase.  

C. (2 pts, circle correct word from each pair in parentheses)  Binding of this hormone to liver cell 

receptors will activate a signaling pathway that will lead to (phosphorylation / dephosphorylation) 

and (activation / deactivation) of glycogen phosphorylase.  

D. (2 pts, circle number of correct response)  What type of receptor binds to this hormone? 
1. G-protein coupled receptor 

2. Receptor tyrosine kinase  

3. TNF family receptor 

4. Intracellular (steroid) receptor 

5. Ion channel receptor 

E. (2 pts, circle number of correct response) The net effect on liver cells will be: 
1. uptake of glucose from the blood and storage of glucose in the form of glycogen in liver cells. 
2. breakdown of glycogen in the liver cells and release of glucose to the blood. 

F. (2 pts, circle correct underlined word)  Binding of the hormone (part A above) to the adipose 
cell receptors will also affect fatty acid metabolism. It will lead to: 
1. breakdown of triacylglycerides in adipose cells and secretion of fatty acids and glycerol. 

2. conversion of glucose and fatty acids into triacylglycerols in adipose cells. 
 

G. (2 pts, circle correct word in parentheses)  The overall net effect of the liver receptor binding to 

this hormone is that there will be (more / less) glucose and fatty acids available to the muscles. 

 
2. (4 pts, 1 pt each)  Circle T for TRUE statements and F for FALSE statements. 

T / F Liver cells can use acetyl-CoA to make pyruvate, which can 
then be converted into glucose by gluconeogenesis.  

 

T / F The liver is the only organ that can break down fatty acids into 
acetyl-CoA.  

 

T / F The liver is the only organ that can synthesize fatty acids from 
acetyl-CoA. 

 

T / F Under extreme starvation the brain can use ketone bodies for 
energy. 

  ____/18 
 
p. 2 (18 points)   
p. 3 (21 points)   
p. 4 (24 points)   
p. 5 (24 points)   
p. 6 (13 points)   
TOTAL:(100 points)   
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3. (5 pts, 1 pt each)  Circle the number of the answer that would make each of the following statements 
correct: 
A. (1 pt)  The most abundant biopolymer on earth is:  

1. Cellulose 
2. Glucose 
3. Glycogen 

4. Pectin 
5. Starch 
6. Sucrose 

7. None of these are polymers. 

 

B. (1 pt)  The major carbohydrate stored in humans is:  
1. Cellulose 
2. Glucose 
3. Glycogen 

4. Pectin 
5. Starch 
6. Sucrose 

7. None of these are stored by humans. 

 

C. (1 pt)  The major carbohydrate stored in plants is:  
1. Cellulose 
2. Glucose 
3. Glycogen 

4. Pectin 
5. Starch 
6. Sucrose 

7. None of these are stored by plants. 

 

D. (1 pt)  The major carbohydrate transported within humans is:  
1. Cellulose 
2. Glucose 
3. Glycogen 

4. Pectin 
5. Starch 
6. Sucrose 

7. None of these are transported within  
    humans. 

 

E. (1 pt)  The major carbohydrate transported within plants is:  
1. Cellulose 
2. Glucose 
3. Glycogen 

4. Pectin 
5. Starch 
6. Sucrose 

7. None of these are transported within  
    plants. 

 
4. (8 pts)  Fill in the blanks with the appropriate term: 

Triglycerides are broken down in the lumen of the intestine by enzymes called__lipase(s)_______ 
 
Fatty acids and cholesterol are transported in the blood from the intestine to the liver by 
_chylomicrons_ 
 
Lipoprotein that scavenges cholesterol from the blood. Considered ÒgoodÓ:  
_high density lipoprotein (HDL) 
 
Lipoprotein that is the main transporter of cholesterol to peripheral tissues. Considered ÒbadÓ:  
_ low density lipoprotein (LDL)_____ 
 

5. (8 pts, 2 pts each)  Which cofactor from the following list is involved in each of the following 
processes:  (You must indicate correct form/state.) 
ATP 
ADP 
AMP 

NAD+ 
NADH 
NADP+ 

NADPH 
FAD 
FADH2 

TPP 
Pi 
PLP 

Coenzyme A (CoA) 

A.  Supplies reducing power for anabolic processes like fatty acid synthesis: __NADPH________ 

B.  The two electron acceptors in fatty acid oxidation (degradation) :  

____NAD+____  and  ___FAD_____ 

C.  Involved in amino transfer reactions ____PLP_________ 

D.  Carries fatty acyl groups during fatty acid oxidation ___Coenzyme A (CoA)____  ___/21 
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6. (6 pts)  Individuals with AndersenÕs disease have defects in the glycogen branching enzyme whereas 
individuals with CoriÕs disease have defects in the glycogen debranching enzyme. 

 

A. (2 pts)  How are the properties of the glycogen molecules in individuals with AndersenÕs disease 
different from the glycogen of ÒnormalÓ people? 

 Results in the synthesis of large unbranched glycogen molecules that are insoluble  
 
B. (2 pts)  How is AndersenÕs disease treated? 
 Requires a liver transplant. 
 
C. (2 pts)  How is glycogen structure in individuals with CoriÕs disease altered compared to ÒnormalÓ 

people? 
 Results in glycogen with short outer chains that cannot be removed 
 

7. (8 pts)  Individuals with phenylketonuria have mutations in a particular enzyme that make that 
enzyme unable to break down a particular amino acid.  As a result, this amino acid accumulates in the 
body and causes severe symptoms if not treated appropriately. 

 

A. (2 pts)  What enzyme is deficient in people with phenylketonuria? 
 phenylalanine hydroxylase 
 
B. (2 pts)  What amino acid is NOT broken down by people with phenylketonuria? 
 Phenylalanine 
 
C. (2 pts)  What symptoms do these individuals display? 
 Neurological (or brain) damage leading to mental retardation and abnormal development 
 
D. (2 pts)  Why must individuals with phenylketonuria avoid most diet sodas? 
 Diet sodas contain nutrasweet (aspartame), which is broken down in the body to form 

phenylalanine.  
 
8. (6 pts)  The citrate shuttle is used to move acetyl-CoA from the mitochondrial matrix to the cytosol. It 

also produces NADPH, which can be used in fatty acid biosynthesis. 
 

A. (2 pts)  For production of one molecule of the fatty acid myristate (14:0) in fatty acid synthesis in 
the cytosol, how many acetyl-CoA equivalents in the form of citrate are moved out of the 
mitochondrion by this shuttle? 

   7  
 

B. (2 pts)  How many NADPH molecules are produced by this shuttle in moving that many acetyl-
CoA units? 

   7  
 

C. (2 pts)  How many NADPH molecules are required to produce one molecule of myristate (14:0)? 
   12  

 
9. (4 pts)  Answer the following questions about the oxidation of laurate. 

A. (2 pts) From the ! -oxidation of the fatty acid laurate (12:0), how many molecules of acetyl-CoA 
are produced? 

  6  
 

B. (2 pts)  The oxidation of lauroyl-CoA produces 80 ATP, whereas the oxidation of laurate 
produces only a net 78 ATP. Why does oxidation of laurate produce less ATP? 

 The first reaction in pathway is catalyzed by acyl CoA synthetase, which requires ATP and 
produces AMP + PPi, but the inorganic pyrophosphate is then hydrolyzed, so two  
high energy phosphate bonds are required for initiation of FA oxidation. ___/24 
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10. (4 pts)  Since animals and plants all require the same 20 amino acids for their proteins, why do plants 
need to be able to synthesize all 20 amino acids de novo ("from scratch"), while vertebrate animals 
can survive with the ability to make only about half of the amino acids de novo?  

 
Animals eat other organisms that have the essential amino acids in them, so they don’t need to 
synthesize them all. 
Plants don’t eat other organisms so they have to make all amino acids that they need to grow. 

 
11. (3 pts)  There are two nitrogen atoms eliminated from the human body in the urea molecule. One of 

these comes from aspartate, the other comes from carbamoyl phosphate.  What compound is used to 
directly synthesize carbamoyl phosphate, which brings the other nitrogen to the urea cycle? 

A. NH4
+ 

B. NO3
Ð 

C. NO 

D. NO2
Ð 

E. " -ketoglutarate 

F. Lysine 
 
12. (2 pts)  Circle the #-12 (omega-12) double bond and put an asterix (*) under the !  (beta) carbon in 

the following fatty acid: 
 

CH3$ CH2$ CH%CH$C H2$C H%CH$ CH2$ CH%CH$ CH2$C H%CH$ CH2$ CH2$ CH2$ CH2$ COOH 
                  * 
 
13. (5 pts)  How can insulin treatment after a high glucose meal be used to distinguish between Type 1 

and Type 2 diabetes in a newly diagnosed patient?  
 

Type 1 diabetes is characterized by lack of insulin production, whereas, Type 2 diabetes is due 
to defects in the ability to respond to insulin.  Therefore, if the patient's glucose levels dropped 
after insulin injection, they most likely have Type 1 diabetes; if the glucose levels do not drop 
(i.e. if they don’t respond to insulin treatment), then they more likely have Type 2 diabetes.  
 
 

14. (10 pts, 5 pts each)  Non-fat bagels contain ~200 calories each and consist primarily of carbohydrate.  
A strip of cooked bacon contains ~50 calories and consist primarily of fat and protein.  Most sedentary 
older adults need to consume less than 2000 calories a day to maintain their weight.   

 
A. (5 pts) What is the biochemical explanation for the observation that a diet consisting only of 30 

bacon strips and 8 glasses of water every day for four weeks results in an increase in blood ketone 
levels and a measurable loss in total body fat? 

 
1) (3 pts)  Account for the increase in blood ketone levels: 
 The ketones come from excess acetyl CoA which builds up due to the limiting amount of 

carbohydrate available for maintaining flux through the citrate cycle. 
 

2) (2 pts)  Account for the loss of total body fat: 
 The weight loss comes from decreased calorie consumption (500 calories less per day) 

over the four week period, so body fat was catabolized for energy.   
 

B. (5 pts) What is the biochemical explanation for the observation that a diet consisting only of 12 
non-fat bagels and 8 glasses of water every day for four weeks results in an increase in total body 
fat even though the bagels contain no fat? 

 
The excess calories from carbohydrate (400 extra calories per day) which is converted to 
acetyl CoA and used to synthesize fatty acids and triacylglycerols (in liver cells) which is 
stored in fat tissue (in adipocytes). 

___/24 
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15. (6 pts, 2 pts each)  The biosynthesis and function of several steroid hormones were discussed in class. 
A. (2 pts) A deficiency in the steroid 5" -reductase causes feminization of young males. Which 

hormone(s) is/are normally produced by the 5" -reductase?  Circle all correct answers. 
1. Testosterone 

2. Estrogen 

3. Glucocorticoid 

4. Androstenedione 

5. Dihydrotestosterone 

6. Mineralcorticoid
 
B. (2 pts) A deficiency in the steroid 21-hydroxylase results in a deficiency known as Congenital 

Adrenal Hyperplasia (CAH).  The net result is an increase in androgen production in the adrenal 
glands causing masculinization of females due to high levels of androgens. 
Which hormone(s) is/are normally produced by the 21-hydroxylase?  Circle all correct answers. 
1. Testosterone 

2. Estrogen 

3. Glucocorticoid 

4. Androstenedione 

5. Dihydrotestosterone 

6. Mineralcorticoid
 

C. (2 pts)  What (if anything) can be done to treat Congenital Adrenal Hyperplasia (CAH)? 
Steroid hormone replacement therapy  

 

16. (3 pts) Why does RoundUp (glyphosate) kill plants but not people? (Circle number of correct 
answer.) 

1. Both plants and people have the enzyme EPSP synthase, but only the plant form of the enzyme is 
sensitive to glyphosate. 

2. There is an enzyme in the human liver that detoxifies glyphosate so that people can secrete it in 
their urine, protecting them from the harmful effects it might have on their metabolism. 

3. People do not have EPSP synthase, so they are not affected by glyphosate like plants are. 
4. People have another pathway in the liver that bypasses the pathway blocked by glyphosate 

 
 

17. (4 pts) The nodules on roots of legumes contain two proteins that are very important for nitrogen 
fixation and that were discussed in detail in class.  
A.  What are these two proteins? 

B.  What does each do (in simple terms)? 

  A. (name protein) B. (function) 

 Protein 1: Leghemoglobin binds oxygen to keep it away from nitrogenase  
   (makes nodules red, but that’s not a function) 
 
 Protein 2: Nitrogenase converts N2 into NH3 (or NH4

+) 

(Proteins can be in either order.) 
 

___/13 
 


