BIOL 1406 Discussion Questions: Basic Biochemistry
1. What is the approximate C:H:O ratio in each of the following types of macromolecules? How can this ratio be used to identify the type of macromolecule? Can any be composed of C, H and O only? 
a. Carbohydrates

b. Lipids

c. Proteins

d. Nucleic acids

TABLE: Elements Commonly Associated With Macromolecules

	
	carbohydrates
	lipids
	proteins
	nucleic acids

	Always contain P


	
	
	
	

	Generally contain no P*
	
	
	
	

	Always contain N


	
	
	
	

	Generally contain no N
	
	
	
	

	Frequently contain S
	
	
	
	

	Generally contain no S
	
	
	
	


3.
TABLE: Functional Group Characteristics

	Functional group
	Polar or Nonpolar?
	Hydrophobic or Hydrophilic
	Found in all proteins
	Found in many proteins
	Found in many lipids

	—OH
	
	
	
	
	

	—CH2
	
	
	
	
	

	—COOH
	
	
	
	
	

	—NH2
	
	
	
	
	

	—SH
	
	
	
	
	

	—PO4
	
	
	
	
	


4. You want to use a radioactive tracer that will label only the protein in an RNA virus. Assume the virus is composed of only a protein coat and an RNA core. Which of the following would you use? Be sure to explain your answer.

a.  Radioactive P


b.  Radioactive N


c.  Radioactive S


d.  Radioactive C

5. Closely related macromolecules often have many characteristics in common. For example, they share many of the same chemical elements and functional groups. Therefore, to separate or distinguish closely related macromolecules, you need to determine how they differ and then target or label that difference.



a.  What makes RNA different from DNA?


b.  If you wanted to use a radioactive or fluorescent tag to label only the RNA in a cell and not the DNA, what compound(s) could you label that is/are specific for RNA


c.  If you wanted to label only the DNA, what compound(s) could you label?

6. 

TABLE: Name That Structure
	
	Type of Macromolecule
	Polar or Nonpolar
	Hydrophilic or Hydrophobic

	[image: image1.wmf]
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7. 
TABLE: Properties of Amino Acids
	R Group
	Basic, acidic or neutral?
	Polar or nonpolar?
	Hydrophilic or hydrophobic?

	a.

[image: image7.wmf]

	
	
	

	b.

[image: image8.wmf]

	
	
	

	c.
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	d.

[image: image10.wmf]

	
	
	


8. 
TABLE: Proteins Structure
	Define the four structures of a protein. 
	What kind(s) of bonds hold each of these together?
	What type of interactions determine protein shape?

	Primary:


	
	

	Secondary:


	
	

	Tertiary:


	
	

	Quaternary:


	
	


9.  Diagram what you would expect to see if you mixed together 50 grams of glucose, 50ml of phospholipids in a backer that contained 700 ml of water. Explain your reasoning. 
10.  A globular protein that is ordinarily found in aqueous solution has these amino acids in its primary structure: glutamic acid, lysine, leucine, and tryptophan. Predict where you would find each amino acid: in the interior portion of the protein or on the outside of the protein 

11.  A tertiary folded protein  contains an interaction between aspartic acid and lysine. Replacing lysine with another amino acid in the protein may change the shape and function of the protein. Replacing lysine with which type(s) of amino acid(s) would lead to the least amount of change in the tertiary structure of this protein? 
12.  From the following list, circle ALL properties of carbon that help account for its stability and versatility in forming such a large number of different compounds:

A.
it forms 4 ionic bonds

B.
it forms 4 covalent bonds

C.
it can form single, double, and triple bonds

D.
it can bond to a maximum of 3 other atoms

E.
it can form long branched and unbranched chains with other carbon atoms

F.
it can form rings with other carbon atoms

G.
it can form chains of rings with other carbon atoms

H.
carbon-carbon bonds are strong and not easily broken

13.  Compare and contrast the two molecules below using the following criteria :

a. the arrangement of carbon, hydrogen, and oxygen atoms

b. the types of carbon, hydrogen, and oxygen atoms

c. the number of carbon, hydrogen, and oxygen atoms

d. the number of covalent bonds
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14.  Circle and identify all functional groups in the molecule below
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15. Predict the predominant property of the molecule above using your knowledge of functional groups

	16.  Matching-May be used multiple times

       1. Are Structural isomers

2. Can be linked together to form a monomer of RNA

3. Is a Tripeptide

4. Can be Linked to make a polysaccharide

5. Can be joined together by an ester linkage

6. Are carbohydrates

7. Can be used to form a disulfide bridge 
8. Are Disaccharide
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17. When a triacylglycerol is hydrogenated (circle all correct answers):

A.
The number of hydrogen atoms in the molecule decreases

B.
The number of carbon atoms in the molecule increases

C.
The number of carbon-carbon double bonds in molecule increases

D.
The melting point is lowered

E.
The ratio of carbon to hydrogen increases
F. None of the above

18.  You eat a potato chip that contains starch made of 10,000 glucose monomers. After complete digestion by hydrolysis, this will yield (circle all correct answers):

A.
10,000 glucose molecules

B.
10,000 water molecules

C.
9,999 glucose molecules

D.
9,999 water molecules

E. 5,000 maltose molecules

19.  When vegetable oil is hydrogenated, decide which, if any of the statements below   are true

     A. 
The number of hydrogen atoms in the oil molecule decreases.

     B. 
The number of hydrogen atoms in the oil molecule increases.

     C. 
An increase in the number of carbon-carbon double bonds in the oil molecules.

     D.  The oil becomes liquid at room temperature.

     E.  The ratio of carbon to hydrogen increases.
20.  Every amino acid has an R group. Indicate whether each of the following R groups is likely to be hydrophilic or hydrophobic and explain why:

A.
R group consists of a single hydrogen atom

B.
R group is composed entirely of carbon and hydrogen

C.
R group contains oxygen

D.
R group contains a carboxyl group or a hydroxyl group or an amino group

E.
R group can easily gain or lose a hydrogen ion and become charged

F. R group is acidic or basic 

21.The molecular formula of glucose is C6H12O6.  What would be the molecular formula of a polymer made by linking 3 glucose molecules together by dehydration synthesis?

22.The functional group of the amino acid threonine is -OH. The functional group of

the amino acid valine is methyl. Where would you expect to find these

amino acids in globular protein in aqueous solution? Draw a picture
23.If a mutation in the DNA resulted in changing a critical amino acid from leucine to isoleucine, in a globular protein, what will happen to the position of this amino acid in relation to the protein placed in either aqueous or organic solvents?

24.  Your friend tried to remove some writing on a plastic box. He used a napkin dampened

with water, which did not work. Then as you advised, he used ethanol (instead of water),

and successfully removed the writing. Why? [formula of ethanol: CH3-CH2-OH]

25. Which of the structures in this figure is an impossible covalently bonded molecule? 
[image: image26.png]



26. Which of the following hydrocarbons has a double bond in its carbon skeleton?
a)C3H8

b)C2H6

c)CH4

d)C2H4

e)C2H2

27. A particular small polypeptide is nine amino acids long. Using three different enzymes to hydrolyze the polypeptide at various sites, we obtain the following five fragments (N denotes the amino end of the chain):

Ala-Leu-Asp-Tyr-Val-Leu
Tyr-Val-Leu
N-Gly-Pro-Leu
Asp-Tyr-Val-Leu
N-Gly-Pro-Leu-Ala-Leu


Determine the primary structure of this polypeptide.
28. You are studying a cellular enzyme involved in breaking down fatty acids for energy. Looking at the R groups of the amino acids in the following figures, what amino acids would you predict to occur in the parts of the enzyme that interact with the fatty acids? 
a)non-polar

b)polar

c)electrically charged

d)polar and electrically charged

e)all of these

29.You are studying a cellular enzyme involved in breaking down fatty acids for energy. Where would you predict to find the amino acids in the parts of the enzyme that interact with the fatty acids?
a)On the exterior surface of the enzyme

b)Sequestered in a pocket in the interior of the enzyme

c)Randomly dispersed throughout the enzyme
30. List the 4 main groups of organic compounds found in living organisms.

31.  
Explain or define the following terms:

A.
hydrocarbon

B.
functional group

C.
macromolecule

D.
monomer

E.
polymer

F.
condensation reaction (or dehydration synthesis)

G.
hydrolysis reaction

H. isomer

32.List and describe the 7 main functions of proteins.

33.  List and describe the 4 levels of proteins structure.

34.  Diagram and describe the structure of a DNA nucleotide and explain how it differs from the structure of an RNA nucleotide.

35.  Diagram and describe the structure of a DNA molecule and explain how it differs from the structure of an RNA molecule.

36.  Draw diagrams of a saturated fatty acid, an unsaturated fatty acid, and a polyunsaturated fatty acid, and explain how the structure of these 3 types of molecules differs.

37.  List and briefly describe 5 different types of lipids.

38.  Diagram and describe the structure of a monosaccharide.

How are monosaccharides, disaccharides, and polysaccharides similar?  How are they different?

39.  Every amino acid has an R group. Indicate whether each of the following R groups is likely to be hydrophilic or hydrophobic and explain why:

A.
R group consists of a single hydrogen atom

B.
R group is composed entirely of carbon and hydrogen

C.
R group contains oxygen

D.
R group contains a carboxyl group or a hydroxyl group or an amino group

E.
R group can easily gain or lose a hydrogen ion and become charged

F.  R group is acidic or basic 

40. The R group or side chain of the amino acid serine is –CH2 –OH. The R group or side chain of the amino acid alanine is –CH3. Where would you expect to find these amino acids in globular protein in aqueous solution? On the interior or exterior of the globular protein?
41. Using the terms below:


Option 1: Create a concept map using http://ctools.msu.edu/ctools/index.html

Option 2: Create a working model using materials provided



Be prepared to share with class

	alpha (a) helix
amino acid
antiparallel
beta (b) pleated sheet
carbohydrate
catalyst
cellulose
chaperonin
chitin
cholesterol
condensation reaction
purine
pyrimidine
quaternary structure
ribonucleic acid (RNA)
ribose

	dehydration reaction
denaturation
deoxyribonucleic acid (DNA)
deoxyribose
disaccharide
disulfide bridge
double helix
fat (triacylglycerol)
fatty acid
gene
glycogen
glycosidic linkage
saturated fatty acid
secondary structure
starch
steroid
tertiary structure
triacylglycerol
unsaturated fatty acid
X-ray crystallography
	hydrolysis
hydrophobic interaction
lipid
macromolecule
monomer
monosaccharide
nucleic acid
nucleotide
peptide bond
phospholipid
polymer
polynucleotide
polypeptide
polysaccharide
primary structure
protein



Problem Set: Protein Misfolding and Sickle Cell Anemia

This material was created by or adapted from material created by MIT faculty members, Prof. Penny Chisholm,
Prof. Graham Walker, Dr. Julia Khodor,  Dr. Michelle, Introductory Biology, 2005, 7.014. Copyright © (2005) Prof. Penny Chisholm, Prof. Graham Walker, Dr. Julia Khodor, Dr. Michelle Mischke 

Hemoglobin is the protein complex that carries oxygen around our bodies and distributes it to the

organs and tissues. Sickle cell anemia is a disease that results from the presence of abnormal

hemoglobin (HbS) in the red blood cells. In order to have the disease a person needs to have only

HbS hemoglobin. Wild-type hemoglobin (HbA) is composed of 2 alpha and 2 beta polypeptides. The alpha and beta polypeptides are approximately the same length, and are very similar in their primary structure.

a) If you run HbA on a denaturing gel, how many bands are you likely to see? Why?

When mutant HbS and wild-type HbA hemoglobin molecules are analyzed on a denaturing gel,

they produce identical patterns.

b) What is the likely defect in the HbS? Why?

At low concentrations of O2 HbS forms rigid rod-like complexes in the cell. These complexes

deform the red blood cells from saucer shape to sickle-like shape. These rigid, sickle-like cells can

get stuck in the small blood vessels and cause damage.

The B-subunit of HbS has the amino acid valine in position 6, where the wild-type molecule has a

glutamic acid. At normal oxygen concentrations, the overall shape of the beta-subunit and the entire. hemoglobin molecule remains unaffected by the substitution..

At low concentrations of O2, the Val6 on one beta-subunit interacts with two amino acids on an alpha-subunit of another hemoglobin molecule.

c) What level(s) of protein structure of the beta-subunit is (are) affected by the substitution at normal oxygen concentrations? Why?

d) What level(s) of protein structure of the beta-subunit is (are) affected by the substitution at low oxygen concentrations? Why?

At low concentrations of O2 the Val6 on the mutant beta-subunit interacts with a surface pocket made up of amino acids Phe85 and Leu88. This pocket is found on both wildtype and mutant beta-subunits.

e) What is the strongest interaction involved in this binding event?
f) This pocket is found on both wild-type and mutant beta-subunits. Explain why (at low concentrations of O2) hemogloblin containing only mutant beta-subunits forms long rods yet hemogloblin containing wild-type beta-subunits does not.

g) The hemoglobin of a person who has both HbA and HbS does not form long rods and thus does not exhibit sickle-cell symptoms. Explain in terms of molecular interactions why the red

blood cells of such a person are not deformed.
Resources:

http://www.carnegieinstitution.org/first_light_case/horn/lessons/sickle.html
http://sickle.bwh.harvard.edu/scd_background.html
http://workbench.concord.org/web_content/unitV/visual_story.html
http://www.nslc.wustl.edu/sicklecell/part2/molecular.html
Problem Set: Voltase

This material was created by or adapted from material created by MIT faculty members, Professor Eric Lander, Professor Robert A. Weinberg, Dr. Claudette Gardel, Introductory Biology, 2005, 7.012. Copyright © (2005) Professor Eric Lander, Professor Robert A. Weinberg, Dr. Claudette Gardel
One day in lab while studying your favorite enzyme, Votase, you discover the following

potential interactions that could occur between this amazing enzyme and its substrate of

choice.
[image: image13.png]Votase





1.   At each site between the chemical group on the substrate and the closest side chain of

an amino acid on Votase determine if a favorable interaction is likely to take place. If a

favorable interaction is likely to take place, give the name for the strongest direct

intermolecular interaction. Choose from ionic interaction, covalent bond, hydrogen bond,

and van der Waals force.
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2.   For all cases where a potential interaction seemed unfavorable, explain why.
3.  In your continuing work with the enzyme votase you discover that the enzyme is also a

transmembrane protein (part of the protein crosses the lipid bilayer of the cell). Circle

the portion of the sequence below that you would expect to be the transmembrane region

of the protein.
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4.  Why will the section you circled be embedded in the membrane?
5.  Draw a schematic of the phospholipid bilayer. Label the lipid hydrocarbon chains,
phosphate hydrophilic heads, and water.
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Problem Set

This material was created by or adapted from material created by MIT faculty members, Professor Eric Lander, Professor Robert A. Weinberg, Dr. Claudette Gardel, Introductory Biology, 2005, 7.012. Copyright © (2005) Professor Eric Lander, Professor Robert A. Weinberg, Dr. Claudette Gardel
Eight histone proteins function as subunits in a multi-protein complex called a nucleosome.

Portions of two subunits (HA and HB) interact in the core of the nucleosome. The figure

below shows the alpha helices where these two proteins interact.
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1.  Based on the amino acids labeled in the diagram, what interactions keeps HA and HB

together?
2.  If tryptophan 72 mutates to become an arginine residue, indicate how the interaction

between HA and HB would change.
3.  Explain your answer in 2. in twelve (12) words or less.
4. Based on the information given, list all levels of structure possessed by histones

within a nucleosome. 
Problem Set

This material was created by or adapted from material created by MIT faculty members, Professor Eric Lander, Professor Robert A. Weinberg, Dr. Claudette Gardel, Introductory Biology, 2005, 7.012. Copyright © (2005) Professor Eric Lander, Professor Robert A. Weinberg, Dr. Claudette Gardel
The figure below shows GDP in the binding pocket of a G protein.
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1. Circle the strongest interaction that exists between:

i) the side chain of Lys and the phosphate group of GDP

van der Waals
 covalent
 hydrogen bond
 ionic

ii) the side chain of Glu and the ribose group of GDP

van der Waals 
covalent 
hydrogen bond 
ionic

iii) the side chain of Tyr and the guanine base of GDP

van der Waals 
covalent 
hydrogen bond 
ionic

2. You make mutations in the GDP-binding pocket of the G protein and examine their effects on

the binding of GDP. Consider the size and the nature (e.g. charge, polarity, hydrophilicity,

hydrophobicity) of the amino acid side chains and and give the most likely reason why each

mutation has the stated effect. Consider each mutation independently.

i) Arg is mutated to a Lys, resulting in a G protein that still binds GDP.

ii) Asp is mutated to a Tyr, resulting in a G protein that cannot bind GDP.
Problem Set

Below is a ribbon representation of the K+ channel, a membrane spanning protein made up of

four copies of a single polypeptide. The K+ channel allows K+ ions to be shuttled through the

membrane.
[image: image19.png]Inside the cell





1) What protein secondary structure is part of the K+ channel protein as shown above?

2) Does the K+ channel have quaternary structure? If yes, describe it.

3) Using as a schematic of a phospholipid, draw a cross-section of the

membrane around the K+ channel shown above.

4) What type(s) of amino acids do you expect to find on the K+ channel polypeptides

i) next to the tails of the membrane lipids? (Circle all that apply)

Polar 
Nonpolar 
Positively charged 
Negatively charged

Why?

ii) next to the heads of the membrane lipids? (Circle all that apply)

Polar 
Nonpolar 
Positively charged 
Negatively charged

Why?

5) If you were trying to estimate the volume occupied by this protein, would the picture

above provide all the information you need? Why or why not?

6) The positively charged K+ ion is a very small soluble molecule.

Explain why K+ cannot come across the membrane without a channel protein.

You isolate a mutant of the K+ channel that transports less K+ than normal. You run both the

wild-type and mutant proteins on a denaturing gel and get the following result:
[image: image20.png]Wildtype Mutant




7) From the gel data we can conclude that (circle all that apply):

i) Each subunit of the mutant protein is the same length/shorter than/longer than as in the wild-type protein.

Justify your answer(s)

ii) The mutant and wild-type proteins could differ in their primary/ secondary/ tertiary structure.

Justify your answer(s)

The K+ channel has several binding pockets in which K+ ions may associate. Below is an image

of one of the binding pockets of the K+ channel shown from above.
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8) Circle the strongest type of interaction that exists between the K+ ion and the Glu residues.

Covalent bond 
Van der Waals 
Hydrogen bond 
Ionic bond

9) You isolate a series of mutant K+ channel proteins where the two Asp residues have been

replaced by amino acid X (see table below). For each X, indicate whether K+ binding in the

resulting pocket will be stronger, weaker, or the same and give a brief explanation of your

choice.

	X (amino acid)
	Interaction (choose one)
	Explain why

	Asn
	stronger weaker same
	

	Leu
	stronger weaker same
	

	Phe
	stronger weaker same
	


10) Suppose you isolate another mutant that has four Glu residues instead of two Asp and two

Glu residues in the pocket above. You find that the mutant has decreased K+ transport.

Explain this result.
Problem Set

This material was created by or adapted from material created by MIT faculty members, Professor Eric Lander, Professor Robert A. Weinberg, Dr. Claudette Gardel, Introductory Biology, 2005, 7.012. Copyright © (2005) Professor Eric Lander, Professor Robert A. Weinberg, Dr. Claudette Gardel

A drug company has isolated the protein shown in schematic below.
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a. What amino acid is present in region 2?

b. The substrate for this protein has not been identified. Given the diagram above…

i) What is the strongest interaction possible between the amino acid in region 1 and the substrate?

ii) What is the strongest interaction possible between the amino acid in region 2 and the substrate?

iii) What is the strongest interaction possible between the amino acids in region 3 and the substrate?

c) You design many proteins that bind tightly in this pocket. One of them has isoleucine

associated with region 3. You substitute phenylalanine for isoleucine and find this prevents

binding of this protein. Phenylalanine and isoleucine form the same kinds of interactions with

the binding pocket, so why can’t the phenylalanine version of the protein bind?

Case Study

Part 1 
Jane Frado is a physician's assistant in a Somerville medical practice. She is about to meet her 
first patient of the day. “Good Morning, Mr. Regan. My name is Jane Frado. I am the physician's 
assistant in the practice. How are you doing today?” 
“I am not doing so well”, replied Mr. Regan. “ My stomach hurts and I have bad cramps and 
gas." Jane continued to ask him some questions: 
“Did the stomach pains start recently?” 
“They began last night, but I have had them on other occasions,” he replied. 
“What did you have for dinner?” she asked. 
“I had some pizza and then ice cream for dessert,” Mr. Regan said. 
“Do the other episodes seem to be associated with any particular foods?” asked Jane. Mr. Regan 
thought about this question for a moment. 
“Well I think I have had some problems after having a milkshake. I sometimes have a yogurt
for lunch or milk in coffee, but that does not seem to bother me. Jane finished writing down some 
notes. 
“It sounds to me like you might be lactose intolerant, but other foods could give similar 
symptoms.” 
“What is lactose?” asked Mr. Regan. 

Assignment
Use one of the available textbooks to answer the following questions
.
a. What group of macromolecules includes lactose? 
b. What are the two molecules found, in lactose? 
c. From what natural product do we get lactose? 

Part 2 
Jane explained to Mr. Regan that lactose is a sugar found in milk. Normally we have an enzyme 
in our small intestine called lactase that breaks down the lactose. As some individuals age the 
small intestine loses the ability to make lactase. Instead of being hydrolyzed in the small intestine, 
the lactose passes into the large intestine. The undigested lactose draws water into the large 
intestine that can lead to watery stools. As bacteria in the large intestine breakdown the lactose, 
they produce gases, such as hydrogen, carbon dioxide and methane. The severity of the symptoms 
depends on the amount of lactose an individual consumes. “ Mr. Regan, we can only definitely 
determine if you are lactose intolerant by performing a test.” said Jane. 
“What does the test involve?” asked Mr. Regan. Jane explained the procedure to him. 
“You have to drink a lactose solution and then periodically over several hours breath into a 
machine. The machine measures the amount of hydrogen gas being produced by your intestines.” 
Mr. Regan agreed to be tested one week later at a hospital laboratory. The day of the test he was 
asked to drink a solution of 50g of lactose dissolved in 500ml of water.. Over the next four hours, his breath was analyzed for hydrogen gas. Individuals 
whose breath hydrogen concentration increases by more than 10 ppm are classified as lactose 
intolerant. The following week Mr. Regan returned for a second breath test. This time he was 
given 50g of lactose dissolved in 400 ml, 300ml, 200ml and 100ml of water. 


Assignment: 
Observe the results of the tests on the graph below: 
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a. What is the independent variable on the graph? 
b. What is the dependent variable? 
c. Based on the results, is Mr. Regan lactose intolerant? 
d. In the 500ml lactose graph, why does the hydrogen concentration drop with time? 
e. The results of the tests are very different. How would you interpret this difference? 
f. What advice could Jane give Mr. Regan to avoid his stomach problems? 
Reference
Suarez, Fabrizis, Saviano, D., and Levitt, M. 1995. A Comparison of Symptoms after the 
Consumption of Milk or Lactose-Hydrolyzed Milk by People with Self-Reported Severe Lactose 
Intolerance. The New England Journal of Medicine. Vol 33, p. 1-4. 



















































