
Bi/Ch110 - Problem Set 3 
Due: Nov. 29, 2007 

 
1) Fermentation/ Respiration [20pts] 
 
Write a balanced equation starting with glucose, which illustrates the following modes of 
energy-generating metabolism: 
 
Homolactic fermentation 
Heterolactic fermentation 
Alcoholic fermentation (yeast) 
Aerobic respiration 
 
1. General Metabolism 
Write a balanced equation starting with glucose, which illustrates the following modes of 
energy-generating metabolism: 
 
Glycolytic fermentation (Lactic acid fermentation) 
Alcoholic fermentation (yeast) 
Aeroboc respiration 
 
 
Answer: 
Homofermenters produce mainly lactic acid via the glycolytic pathway. 
Heterofermenters produce lactic acid plus appreciable amounts of ethanol, acetate, 
and carbon dioxide via the 6-phosphoglucanate/phophoketolase pathway. 
 
Glycolytic: C6H12O6 +2Pi +2ADP !  2 C3H6O3 (CH3CHOHCOOH) + 2ATP +2H2O 
The fermentation of 1 mole of glucose yields two moles of lactic acid. 
 
Alcoholic: C6H12O6 + Yeast + 2Pi + 2ADP !  2 CO2 + 2 C2H6O (C2H5OH) +   
       2ATP 
1 mole of glucose yields 2 moles of carbon dioxide and 2 moles of ethyl alcohol. 
 
Aerobic: C6H12O6 + 6 O2 !  6 CO2 + 6 H2O + ΔHc -2880 kJ 
(This is balanced. No ATP included here but most people will r ight down the 
number of ATP.  About 30~38 ATP are produced, along with water .) 
 
 
2. Glycolysis [15pts] 
 
Arsenate, AsO4

-3, acts as a phosphate analog and can replace phosphate in the 
glyceraldehyde 3-phosphate dehydrogenase reaction.  The product of this reaction is 1-
arseno-3-phosphoglycerate.  This product is unstable and spontaneously hydrolyzes to 
form 3-phosphoglycerate.   
 



If arsenate is present in this stage of glycolysis, explain its effects on ATP production. 
 
Answer: 
I t will skip the 1,3-Bisphosphoglycerate to 3-Phosphoglycerate step where ATP is 
produced.  This will result in a loss of 2ATPs per  glucose molecule, and therefore 
there will be 0 (-2 + 2) ATPs produced from glycolysis. 
 
 
2. Krebs Cycle/Electron Transport [15pts] 
 
Since FAD/FADH2 has a higher (less negative) standard reduction potential then 
NAD+/NADH, we expect it to be capable of acceptin electrons from a wider range of 
reduced metabolic intermediates and at lower concentrations of those reduced 
intermediates.  So why don’t most living systems use FAD/FADH2 as the primary 
oxidation-reduction currency instead of relying heavily on NAD+/NADH? 
 
Answer: 
The efficiency of energy conservation in the form of ATP is enhanced by the use of 
NAD+ as an electron carr ier  whenever possible.  The oxidation of NADH in the 
electron transport chain leads to synthesis of more ATP than the oxidation of 
FADH2 since the reduction potential of FADH2 is too high to pass electrons to the 
redox centers of complex I  
 
 
 
3) Cloning and DNA structure [50pts] 
 
You want to clone the 200 bp (base pair) region upstream of the gene GAD1 gene so that 
you can study how the transcription of GAD1 is regulated.  To do this, you will perform a 
PCR amplification of this 200 bp region in a mouse brain explant.  The kit you are using 
to perform your PCR anneals EcoRI restriction endonuclease sites onto the end of the 
PCR-amplified DNA fragments.  The plasmid vector into which you will ligate your 200 



bp region is pBluescript II KS/SK vector (also known as Bluescript).  

 
The numbers denote base pairs, the arrows denote genes (bla(APR) encodes resistance to 
the antibiotic ampicillin), and the other abbreviations denote restriction endonuclease 
recognition sites.  MCS – the multiple cloning site –  contains multiple restriction 
endonuclease sites and is in the middle of the lacZ gene.  
 
 

1.) In one or two sentences each, answer the following: 
a. Why are  short primers such as 5’AGAGAAA3’ and 3’AGGAGT5’ not 

desirable to use? 
b. Why is it important to make sure the primers don’t have too high a percent 

of G/C nucleotides? 
c. Why should you make sure your primers don’t have any repeats in them? 

 
2.) In one or two sentences each, explain how the following would affect your DNA-

primer interactions: 
a. Your PCR reaction is too alkaline (pH 12 instead of pH 7.5). 
b. Your PCR reaction has ten times or one-tenth the salt as mouse cells. 

 
3.) You successfully PCR-amplify your 200 bp DNA target sequence.  You cut 

Bluescript with the restriction endonuclease EcoRI and ligate your amplified 
DNA into Bluescript.  The outcome of this procedure is a mix of Bluescript 
plasmids containing your amplified DNA, Bluescript plasmids containing no 
amplified DNA, and amplified DNA that is not in a plasmid.  What would happen 
if you incubated each of the above with the following restriction endonucleases 
and then performed agarose gel electrophoresis on all of the results?  For 
simplicity, assume each lane contains the following: 

lane 1: amplified DNA only incubated with EcoRI 
lane 2: Bluescript incubated with EcoRI 
lane 3: Bluescript with amplified DNA inserted, incubated with BamHI 
lane 4: Bluescript with amplified DNA inserted, incubated with EcoRI 

MCS  
SacI (657)  
SacII (664)  
BstXI (665)  
EagI (670)  
NotI (670)  
XbaI (677)  
SpeI (683)  
BamHI (689)  
SmaI (697)  
PstI (705)  
EcoRI  (707)  
EcoRV (715)  
HindIII (719)  
ClaI Bsp106I (726)  
SalI AccI HincII (734, 735)  
XhoI (740)  
ApaI DraII Eco0109I (753, 
749)  
KpnI (759)  

 



Lane 5 is a control “DNA ladder.”  Assume there are no EcoRI  or BamHI 
recognition sites within the amplified DNA and that the incubation conditions were 
sufficient to cut all DNA at all of the restriction endonuclease recognition sites.  
Label the positive/negative electrodes of the gel appropriately. 
 

 
 
4.) You transform the results of your ligation into E. coli bacteria (i.e. you cause the 

bacteria to incorporate the DNA).  In one sentence each:  
a. How could you isolate bacteria that successfully transformed the 

Bluescript plasmid?   
b. How could you isolate bacteria that transformed the Bluescript plasmid 

containing the amplified DNA? 
 
Answer: 
 
Question 1) 
a.) Short pr imers are likely to bind to multiple areas in the mouse genome, resulting 
in multiple different amplified regions. 
b.)G-C bonds contain 3 H-bonds (instead of 2 in A-T bonds), raising the melting 
temperature of a DNA helix as G/C percent increases.  A higher  melting point 
increases the probability that the PCR conditions will not be optimal (for example, 
the pr imers can bind too tightly to the template DNA and not release for the next 
PCR cycle) 
c.)Repeating sequences can cause DNA secondary structures such as crosses, loops, 
and tr iple helices.  This could prevent annealing of the pr imer to DNA. 
 
Question 2)  
a.)DNA denatures at high pH, so the alkaline solution could prevent the pr imers 
from annealing to the DNA.   



b.)DNA forms Z-DNA helices at high salt levels.  Additionally, high salt levels 
reduce the repulsion between the phosphate backbones of the DNA strands, causing 
this DNA to have a higher  melting temperature than normal.  At low salt levels, the 
opposite would happen: the melting temperature would be lower than normal.  Both 
of these would prevent proper  denaturation/annealing of pr imers under the PCR 
conditions.  
 
Question 3) 

 
Question 4) 

a. Grow the bacter ia in the presence of ampicillin 
b. Look for the full LacZ protein (which is the enzyme beta-galactosidase)  

in the bacter ia (for example, by antibody recognition or by proper  
catalysis by the enzyme of a substrate.)  One commonly used  method is 
to add X-gal, which turns blue when beta-galactosidase cleaves it. 

 


