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October 10, 2005 

Name  __________________ 

ID number __________________ 

 

CH461/561  Exam 2 
 

There is 1 matching problem worth 18 points. 

There are 3 short answer questions worth 6 points each. 

There are 4 problems worth 24 points each. 

CH461 students must answer 3 for full credit. 
(If you do all 4, I will give you 2/3-credit for the lowest one.) 
 
CH561 students must answer all 4. 

  
The maximum amount of points is thus: 

108 for CH461 students 
132 for CH561 students 

You are advised to look over the problems first before starting to work them.   
Time should not be a factor, if you are well prepared. 
 

Matching  /18 

Short answer  /18 

Problems: 1 /24 

 2 /24 

 3 /24 

 4 /24 

Total   

 
 
No notes or books of any sort may be used during the exam. 
I have neither given nor received aid on this exam. 

____________________________ 

(signature) 
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Matching 

Mark each of the following characteristics of double stranded DNA with an “A”, “B”, or 
“Z”, if it describes A-form, B-form, or Z-form DNA.  
+1 point each for each correct match; -1/2 for each incorrect one 
(Note: some may have more than one answer; some may have none.) 

 

  Right-handed double helix. 

  Left-handed double helix. 

  ~10-12 residues per turn of the double helix. 

  The planes of the base pairs are almost perpendicular to the axis of the helix. 

  The planes of the base pairs are at an angle of ~20¡ to the axis of the helix. 

  All bases are in the anti glycosidic conformation. 

  All bases are in the syn glycosidic conformation. 

  Half of the bases are syn, half are anti. 

  All of the sugars are in the C-3Õ-endo conformation (sugar pucker). 

  All of the sugars are in the C-2Õ-endo conformation (sugar pucker). 

  Half of the sugars are C-2Õ-endo, half are C-3Õ-endo (sugar pucker). 

  This forms is essentially what double-stranded RNA looks like. 

  Only compatible with alternating pyrimidine-purine sequences. 

  The form in which the vast majority of DNA is thought to exist. 
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Short Answer 

1) The genomic DNA of both prokaryotes and eukaryotes is found to be negatively 
supercoiled (Lk < Lk0). Describe the different ways that prokaryotes and eukaryotes 
achieve this. 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

2) For each of the following changes, predict the effect upon the melting temperature (Tm) 
of the membrane (increase, decrease, or no change) and explain why: 
 
a) The amount of palmitic and stearic acid esterified to phospholipids increases and 
the amount of palmitoleic and oleic acid decreases. 
 
 
 
 
b) The amount of longer-chain fatty acids (C18-24) decreases, while the amount of 
shorter-chain fatty acids (C14-16) increases. 
 
 
 

 
 
c) The total amount of sterols in the membrane increases. 
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3) Briefly describe one experiment that provided evidence for nucleic acid being the genetic 
material. What was the basis for the conclusion? 
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Problems 
Problem 1 Draw the following molecules.   

a) ! -D-glucopyranose 
 
 
 
 
 
 
 
 

b) " -lactose 
 
 
 
 
 
 
 
 
 

c) " -D-fructofuranose-(2# 6)-! -D-mannopyranosyl-(1# 3)-! -D-galactopyranose  
also known as Frc (" 2# 6)Man(! 1# 3)Gal 
 
 
 
 
 
 
 
 
 
 
 

d) dCDP (nucleotide) 
 



ID # __32__ 

e) 1- stearoyl, 2-lenolenoyl(18:3$9,12,15) phosphatidylinositol 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

f) cardiolipin (use palmitic acid at all positions) 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

 

g) sphingomyelin 
(phosphoethanolamine and oleic acid attached to sphingosine) 
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Problem 2  
a) Draw the following trinucleotide: pppAGU  

(Include all atoms; you do not need to indicate H if drawing a Òstick figureÓ. ) 

What would its complementary sequence be?  (Just write out; do not draw it.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Draw one of the Watson-Crick base pairs that exist in double-stranded DNA.  You 
only need to draw the bases and indicate which atom is connected to the deoxyribose. 
Label each base with its full name.  Also indicate where the major groove and minor 
groove would be. 
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c) Many proteins that bind DNA do so in the major groove.  Draw the other Watson-Crick 
base pair below, and indicate which parts of the bases might be contacted by such a  
protein. For each indicate what kind of contact it could make with the protein using this 
code: 

D:  H-bond donor 

A: H-bond acceptor 

D/A: could be either H-bond donor or acceptor 

V: van der Waals contact 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
4) Predict the effect upon the melting temperature (Tm) of double-stranded DNA  

(increase, decrease, or no change) and briefly explain why: 
 
a) The amount of G:C increases 
 
 
 
 
b) [salt] increases 
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Problem 3 
You are going to clone a gene for an enzyme that has biotechnology potential. It is found in a 
newly discovered Òextremophile bacteriumÓ named Synechococcus lipperi that lives in alkaline 
lakes. Your boss tell you to amplify the gene from S. lipperi genomic DNA, but to design the 
PCR primers such that they will have restriction enzyme sites on them to clone into a plasmid. 
The sequence of the DNA upstream of the start codon (ATG) and downstream of the stop codon 
(TAA) is shown below. The open reading frame (ORF) encodes 353 amino acid residues. There 
is also a map of the plasmid and the sequence of the restriction endonuclease sites.  

a) The primers should match 18-22 bases of the genomic DNA perfectly. Also, when the 
PCR product is cloned into the plasmid, it should be in the correct orientation, with the beginning 
of the gene to the left, so that the transcription promoter shown can be used to drive transcription 
of the gene.  (If it goes in the opposite way, the RNA strand made would be of the complement 
of the open reading frame and useless.)  Show the sequences of your primers below: 

 
Primer 1:           

 

Primer 2:            

 Sequence of gene:    

5’-AGCTGGACTCGACACCCGTACCATTAGGGTAGGATC-ATG -/ ORF  /- TAA- 

     Met -/352 aa/- Stop 

-CTGCAGAGTATTAACCGAGAGATCGACTTTA-3’ 

 

 

Map of the plasmid pBS12.  
The positions of the 
ampicillin-resistance gene 
(AmpR), origin of replication 
(ori), and the promoter are 
shown.  Also shown are the 
positions of the restriction 
sites (along with their exact 
nucleotide position in the 
6000-bp plasmid): 

 EcoRI:    G^AATTC 

 XbaI:      T^CTAGA 

 BamHI:   G^GATCC 

(Ò̂Ó indicates where the 
restriction enzyme cuts.) 
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b) Your boss gives you the following protocol to clone the gene.  To the right of each 
numbered step, briefly explain what is happening (1 sentence or phrase). 
Perform PCR: 

1) Mix the S. lipperi genomic DNA with a buffer 
containing all 4 dNTPs, Taq (thermostable) 
DNA polymerase, and the two primers you 
just designed. Put in thermal cycler. 

2) Heat 1 minute at 95¡C 

3) Cool to 45¡C for 30 sec. 

4) Heat to 72¡C for 1 minute. 

5) Repeat steps (2) Ð (4) 30 times. 

 
Insert the PCR product into the plasmid: 

6) Treat plasmid pBS12 with EcoRI and XbaI. 

7) Then treat the cut plasmid with calf intestinal 
DNA phosphatase. 

8) Treat PCR product with EcoRI and XbaI. 

9) Take the products of steps (ii) and (iii) and 
mix them together in a buffer containing ATP 
and T4 DNA ligase. Incubate 1 hr at 16¡C. 

 
Transformation: 

10) Take sample of E. coli cells that have been 
washed free of salts (should be aliquots in 
freezer) and mix with product of step 2(iv); 
put in electroporation cuvet. 

11) Shock cells (5 µs, 2000 V pulse) 

12) Resuspend cells in rich medium and grow at 
37¡C for 30-40 minutes. 

13) Spread cells onto Petri plate containing 
ampicillin. 

 
Verification: 

14) Pick colonies that grew on Petri plate 
containing ampicillin and inoculate liquid 
medium. Grow over night, harvest cells and 
purify plasmid from them. 
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c) You get 4 colonies after doing this protocol. From each you purify a plasmid, which you 
name CRP1 Ð CRP4 (Òcandidate recombinant plasmidÓ). You will verify the plasmids in 2 ways: 

1) Restriction map: You treat the plasmids with a battery of restriction enzymes, 
with results shown below. ÒVÓ = original vector (pBS12), C1 Ð C4 = plasmids 
CRP1 Ð CRP4, ÒMWÓ = DNA molecular weight markers (expressed in base 
pairs)    Based on this, decide which of the plasmids are what you want. 
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2) Sequence analysis: Based on the sequence of the promoter in pBS12 given 
below, you design a primer to sequence the open reading frame. You radiolabel 
the primer at the 5Õ-end with 32P and use this primer to sequence your plasmid in a 
4-pot sequencing reaction (each having DNA polymerase, all 4 dNTPs, and one of 
the 4 possible ddNTPs). Predict what the gel will look like below (first 15 
bases): 

 

Promoter sequence:  CTGCTTCAGACACTATCTCTAAGC-GAATTC(EcoRI) 

 

Primer: 32P-CTGCTTCAGACACTATC 
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Problem 4  
There is a rare auto-immune disease resulting in premature senility, which strikes academic 
professionals especially hard, called tenuritis. The hypothesis in the biomedical community is 
that over-stimulation of certain areas of the brain results in partial breakdown of specific 
neurons, and the immune system then raises antibodies against a specific molecular component 
of these damaged neurons, causing progressive loss of these neurons. You have a supply of such 
antibodies and have identified their target (called TAAg, for Tenuritis-Associated Antigen).  

a) Based on the information you have, TAAg seems to behave like a glycolipid or a small 
glycopeptide. It seems to be a part of the cell membrane of the targeted neurons, and is 
present on the plasma membrane, with the carbohydrate portion on the outer leaflet. 
Briefly explain how you would propose to purify TAAg, assuming that you had a 
good supply of neurons that contain it.   
 

 

 

 

b) You attempt hydrolysis of TAAg with phospholipases A1 and A2, but this does not 
release any fatty acids. If you use acid sufficiently strong to hydrolyze peptide bonds, you 
obtain a set of carbohydrates that includes sialic acid (see section c) plus 2 amphipathic 
molecules. In order to generate neutral molecules that can be analyzed by gas 
chromatography-mass spectrometry (GC-MS), you treat the products with methanol in 
the presence of base to make methyl esters with the carboxylic acids. After this, you can 
see a new molecule with a molecular mass of 268 Da. In order to observe the other one, 
you have to treat it with acetic acid in the presence of base. Then you are able to observe 
new molecules with masses of 341, 383, and 425 Da. If you treat these with acid strong 
enough to hydrolyze esters (but not amides), then all you see is the 341-Da molecule. 

Based on this information, what kind of molecule is this (be as specific as possible)?  
(i.e. a one-word name) 

 

c) You treat the enzyme with a battery of glycosidases. Only one (" -mannosidase) releases 
ceramide containing no carbohydrate, plus a single oligosaccharide. You name the latter 
TAAg-OS (for TAAg oligosaccharide) and characterize it further. When you 
exhaustively methylate it with alkaline CH3I and then hydrolyze with strong acid, you get 
the following (with stoichiometry indicated by Ò1xÓ, Ò2xÓ, etc.): 

1x 2,3-di-O-methylmannose   (2,3-dimethylMan) 
1x 2,4,6-tri-O-methylgalactcose   (2,4,6-trimethylGal) 
1x 3,4,6-tri-O-methylglucose   (3,4,6-trimethylGlc) 
1x 3,4,6-tri-O-methyl-N-acetylglucosamine (3,4,6-trimethylGlcNac) 
2x 2,3,6-tri-O-methylmannose   (2,3,6-trimethylMan) 
1x 4,7,8,9-tetra-O-methylsialic acid  (4,7,8,9-tetramethylNeu5Ac) 

Recall that amino sugars replace the 2-OH with an amino group. 



ID # __32__ 

 

Sialic acid looks like this: 

 
You treat TAAg-OS with specific glycosidases and separate the products by chromatography 
(e.g. " -galactosidase catalyzes the hydrolysis of glycosidic linkages from " %galactose; 
hexosaminidase I cleaves glycosidic linkages from N-acetylglucosamine; neuraminidase cleaves 
glycosidic linkages from sialic acid).  You analyze each product by exhaustive methylation and 
acid hydrolysis as before. 
 

Enzyme Products 
" -galactosidase Fragment 1: 2,4,6-trimethylGal + 3,4,6-trimethylGlcNac 

Fragment 2: 3,4,6-trimethylGlc + 3x 2,3,6-trimethylMan  
+ 4,7,8,9-tetramethylNeu5Ac 

! -galactosidase no reaction 

" -glucosidase no reaction 

! -glucosidase Fragment 1: 3,4,6-trimethylGlc +  4,7,8,9-tetramethylNeu5Ac 

Fragment 2: 2,4,6-trimethylGal + 3,4,6-trimethylGlcNac + 
2,3,4-trimethylMan +  2x 2,3,6-trimethylMan  

" -hexosaminidase I no reaction 

! -hexosaminidase I Fragment 1: 3,4,6-trimethylGlcNac 

Fragment 2: 2,3-dimethylMan + 3,4,6-trimethylGlc +  
2x 2,3,6-trimethylMan + 2,3,4,6-tetramethylGal +  
4,7,8,9-tetramethylNeu5Ac 

" -mannosidase no reaction 

! -mannosidase Fragment 1: 2 moles of 2,3,4,6-tetramethylMan 

Fragment 2: 2,3-dimethylMan + 2,4,6-trimethylGal +  
3,4,6-trimethylGlc + 3,4,6-trimethylGlcNac +  
4,7,8,9-tetramethylNeu5Ac 

" -neuraminidase no reaction 

! -neuraminidase Fragment 1: 4,7,8,9-tetramethylNeu5Ac 

Fragment 2: 2,3-dimethylMan + 2,4,6-trimethylGal +  
3,4,6-trimethylGlcNac + 2x 2,3,6-trimethylMan +  
2,3,4,6-tetramethylGlc 
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Given all of this information, draw the molecular structure of the entire TAAg molecule.  
Indicate the configurations of double bonds and ring forms of carbohydrates.  (Haworth 
projections of carbohydrate residues are preferred. Note that you might not be able to 
unambiguously place every double bond based on the information above, but choose what you 
would judge as the most likely place to put it, based on what you know.) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d) You discover later that the auto-immune antibodies recognize the carbohydrate portion of 
TAAg. You use this information to determine TAAgÕs toplogy in the neuronal plasma 
membrane. First you inject a rat with [14C]-mannose, which will become incorporated into 
oligosaccharides (including that on TAAg). Then you prepare vesicles from the plasma 
membrane of neurons from the brain of this rat an hour later.  

1. If you dissolve the vesicles with detergent and treat with antibody, followed by 
precipitation with Protein A-sepharose (which binds to the antibody), there is a [14C]-
labeled molecule in the precipitate that behaves like TAAg.  

2. If you first treat the vesicles with " -mannosidase before dissolving in detergent, there is 
no labeled molecule in the precipitate. 

Describe the topology of TAAg in the neuronal plasma membrane (or draw a picture). 


