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BASIC BIOCHEMISTRY EQUATIONS: 

 
Energy Charge (EC):  

!  

[ATP]+ 0.5[ADP]
[ATP]+ [ADP]+ [AMP]

 

 

Change in Free Energy: 

!  

" G'= " G¼'+RT ln
[ product]actual
[substrate]actual

 
 
At equilibrium (when ! GÕ = 0): 
 

!  

" G¼'= #RT ln
[ product]equilibrium
[substrate]equilibrium

 

 

Change in Reduction Potential: 
 

!  

" E¼'= E¼' e # acceptor( ) # E¼' e # donor( )  
 

Relating ! G¼' to ! E¼': 
 

! 

"Gº '= #nF"E º '  

 
Use this space for organizing your thoughts, it will not be used for grading purposes. 
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1.  (4 pts.)  Explain why 3 net ATP are generated in glycolysis using glucose-1P derived from 
glycogen degradation, whereas, dietary glucose only produces 2 net ATP by glycolysis.  
Remember that glucose-1P is not a metabolite in the glycolytic pathway. 
 
Glucose-1P is converted to glucose-6P which then enters the glycolytic pathway and 
bypasses the first investment step (hexokinase).  Therefore, only 1 ATP is invested which 
means that the net ATP is 3 considering that 4 total ATP are generated in glycolysis.  
 
 
2.  (4 pts.)  Liver cells use glycogen as a source of glucose for export, whereas, muscle cells 
use glycogen as a source of glucose for their own energy needs.  What is the one enzyme 
present in liver cells, and absent in muscle cells, that explains this observation? 
 
Glucose-6-phosphatase 
 
3.  (4 pts.) Why are individuals with a defect in the enzyme glucose 6-phosphate 
dehydrogenase susceptible to pamaquine-induced hemolytic anemia? 
 
Individuals with a defect in glucose 6-phosphate dehydrogenase are unable to produce 
sufficient levels of NADPH which is needed to maintain reduced glutathione and protect 
red blood cells from pamaquine-induced toxicity (reactive oxygen damage). 
 
 
4.  (4 pts)  McArdle's Disease is a glycogen metabolism disorder resulting from defects in the 
enzyme muscle glycogen phosphorylase.  Explain why a defect in this enzyme makes it very 
difficult for these individuals to run up a flight of stairs. 
 
Muscle glycogen phosphorylase is required to release glucose from stored muscle 
glycogen which is used for energy conversion processes (ATP generation) needed to 
sustain muscle contraction.   
 
5.  (9 pts.)  Fructose-2,6-bisphosphate (F-2,6-BP) is an allosteric regulator that controls flux 
through the glycolytic and gluconeogenic pathways.  Levels of F-2,6-BP increase in the cell in 
response to insulin signaling and decrease in response to glucagon signaling.  Circle the best 
underlined words describing the role of F-2,6-BP in reciprocal regulation. 
 
Glucagon inhibits / stimulates protein kinase A (PKA) signaling in liver cells leading to the 

activation of the FBPase-2 domain of the dual function enzyme PFK-2/FBPase-2 which results 

in increased / decreased levels of F-2,6-BP.  In contrast, insulin signaling in liver cells leads to 

the phosphorylation / dephosphorylation of PFK-2/FBPase-2 which activates the PFK-2 

function of the enzyme resulting in phosphorylation of fructose-6P / fructose-1P.  The net result 

of increased F-2,6-BP levels in liver cells is to stimulate / inhibit flux through the glycolytic 

pathway by allosterically-activating the enzyme aldolase / phosphofructokinase-1. 
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6. (7 pts.) Statin drugs inhibit the enzyme HMG-CoA reductase which lowers intracellular 
cholesterol levels in liver cells. Explain how statin treatment results in reduced levels of serum 
low density lipoprotein and leads to a reduced risk of cardiovascular disease.  
 
Reduced cholesterol levels in liver cells stimulates LDL receptor expression which puts 
more LDL receptors on the cell surface to retrieve LDL particles from the serum (through 
endocytosis).  Lower serum levels of LDL are associated with reduced plaque formation 
which is the underlying cause of most cardiovascular diseases. 
 
 
 
 
 
7.  (4 pts)  Explain why degradation of triacylglycerols in humans can be used to generate 
glucose via the gluconeogenic pathway even though fatty acid degradation does not result in net 
glucose production.    
Triacylglycerol contains glycerol which can be converted to a gluconeogenic 
intermediate and used for glucose synthesis. 
 
 
 
8.  (5 pts) Lipoproteins are important macromolecular complexes that transport lipids through 
the circulatory system.  Circle true or false for each statement describing lipoprotein function. 
 
T   F  a.  Chylomicrons transport cholesterol made in the liver to the peripheral tissues.  

T   F  b.  LDL particles are "bad" cholesterol that are associated with increased disease risks.  

T   F  c.  HDL particles are responsible for delivering cholesterol to peripheral tissues.  

T   F  d.  Lipoprotein lipase cleaves triacylglycerides in lipoproteins and releases fatty acids.  

T   F  e.  Lecithin-cholesterol acyltransferase is associated with low density lipoproteins.  

 
9. (9 pts.) Circle the best underlined words describing how eating a dozen non-fat bagels can 
lead to stored triacylglycerides even though the bagels contain no fatty acids.  
 
High levels of glucose lead to an increase / decrease in the energy charge in liver cells and this 

results in activation / inhibition of several key enzymes in the citrate cycle.  The excess acetyl-

CoA is exported to the cytosol via the citrate shuttle where the enzyme citrate synthase / lyase 

cleaves citrate to form acetyl-CoA and oxaloacetate.  Fatty acid synthesis is favored when 

citrate activates acetyl-CoA carboxylase via covalent modification / allosteric regulation.  The 

bagel feast leads to high levels of glucagon / insulin in the blood which also activates acetyl-

CoA carboxylase by increasing / decreasing the polymerization state of the enzyme. 
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10. (6 pts.) COX-2 inhibitors such as Celebrex are a new generation of anti-inflammatory drugs 
that have reduced risk of stomach bleeding compared to aspirin which also inhibits COX-1.   
 
a. What is the biochemical basis for the decrease in stomach bleeding when using Celebrex?  
 
Aspirin is a small molecule and binds to the active sites of both COX-1 and COX-2.  In 
contrast, Celebrex is a larger molecule and only binds to the COX-2 enzyme active site.  
 
b. Vioxx, another COX-2 inhibitor, inhibits prostacyclin synthase which normally prevents fibrous 
clot formation.  Why does Vioxx, but not aspirin, have this deleterious effect? 
 
Vioxx is big enough to partially bind to the prostacyclin synthase active site and inhibit 
enzyme activity.  Aspirin does not bind to or inhibit prostacyclin synthase (too small).  
 
 
11. (7 pts.) Phenylketonuria (PKU) results from a defect in phenylalanine hydroxylase. Why 
would ingesting large amounts of NutraSweet cause neurological effects in PKU individuals?  
 
NutraSweet contains phenylalanine (aspartame) which cannot be converted to tyrosine 
because of the enzyme defect.  A buildup of phenylalanine leads to formation of 
phenylalanine derivatives which are associated with neurological effects.  
 
 
 
12. (6 pts.) Glyphosate, also known as Round-Up, is an herbicide that kills plants by inhibiting 
an enzyme in the amino acid biosynthetic pathway responsible for phenylalanine synthesis.  
 
a. Would it be safe to use glyphosate in areas where farm animals may accidentally eat plants 
that have been sprayed? Explain. 
 
Yes it would be safe because animals do not have the enzyme pathway to synthesize 
phenylalanine (unlike plants) and would therefore be unaffected by glyphosate. 
 
 
b. Why does it take 7 days before there is any herbicidal effect of glyphosate? 
 
Because it takes that long before the plant uses up all available phenylalanine and 
becomes dependent on the de novo pathway for phenylalanine biosynthesis.  
 
 
13. (6 pts.) Bacteria can both fix and assimilate nitrogen, plants can only assimilate nitrogen, 
and animals can do neither.  What is the main purpose of nitrogen fixation and assimilation.  
 
Nitrogen fixation: Converts atmospheric N2 into NH3 (ammonia or NH4

+). 
 
Nitrogen assimilation: Incorporates NH3 (ammonia or NH4

+) into amino acids. 

             /25 
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14. (9 pts.) Obesity and type 2 diabetes appear to be functionally linked as a result of 
chronically high lipid levels in the blood. Circle the best underlined words describing the 
relationship between obesity and type 2 diabetes. 
 
The Pima Indian study provided evidence for the Thrifty Gene Hypothesis which states that 

changes in our lifestyle / DNA over the past ~5000 / ~50 years plays a major role in the 

"diabesity" epidemic .  One way to explain the altered insulin / glucagon sensitivity of obese 

individuals is that intracellular signaling pathways are stimulated / inhibited by serine 

phosphorylation of IRS-1 proteins.  Since high / low glycemic index foods stimulate fatty acid 

synthesis, increased consumption of jelly beans / kidney beans could be a factor in diabesity. 

 
15. (5 pts.) Match the tissue or organ with the functional descriptions listed below.  Write the 
letter in the blank next to the description. Each organ or tissue is only used once. 
 
A. Liver B. Skeletal muscle  C. Adipose tissue D. Brain E. Pancreas 
 
_E__ Is responsible for protein digestion following a meal and for sensing blood glucose. 
 
_ B__ Major glycogen storage depot in the body and uses phosphocreatine to replenish ATP. 
 
_ D_  Is dependent on glucose or ketones for energy but cannot use fatty acids for energy. 
 
_ A_  Primary responsibility is redistributing metabolites to other parts of the body. 
 
_ C_ Is an endocrine organ that secretes hormones in response to the amount of stored lipid.   
  
16. (6 pts.) Leptin is an adipocyte hormone that sends signals to the brain to "eat less" and 
"metabolize more." What is the explanation for why leptin injections do not cure obesity? 
 
Obese individuals have chronically high leptin levels and are leptin-insensitive.  
 
 
 
17. (5 pts.) The liver is the metabolic hub of the body and plays a major role in metabolic 
adaptation to starvation. Circle true or false for each statement describing liver functions. 
 
T   F  a. Glucose and triacylglycerides are the major liver exports under normal conditions.  

T   F  d. Ketogenesis in the liver provides a way for tissues to obtain acetyl-CoA for energy. 

T   F  b. Gluconeogenesis in the liver is responsible for synthesizing glucose from fatty acids.  

T   F  e. The primary source of carbon for gluconeogenesis during starvation is amino acids. 

T   F  c. Fatty acid stores are quickly depleted from the body within the first 24 hours of fasting.  

             /25 


