INS Biology Fall 2003

Take-home exam A.

Name:

DUE DATE FRIDAY NOVEMBER 21, BY 4 PM IN BOX BY JIM’S DOOR.

Conditions for exam:

All work must be your own. This is not a collaborative assignment.

Allowable source material: any program text or handout, your notes and notebook. No other reference sources may be used.

All of the questions can be answered in fairly concise fashion. Use figures and diagrams when it will help. For problems that are all/mostly text, I would appreciate printed responses. If you feel a question is ambiguous, ask Jim. If you need to make assumptions to answer a question, state the assumptions you need.

I suggest reading all the questions early in the process and make sure that you understand what the question is asking.

Total questions=7

I have completed this exam following all guidelines posted above (signature):

1. You are examining a mammal that consumes 120 g of protein a day. If this organism is in nitrogen balance-

a. How much nitrogen (mass) must be secreted each day? Assume protein is 14% N.

b. If the nitrogen is excreted entirely in the form of urea (CH4N2O), how many grams of urea would be secreted in one day?

c. What other assumptions does this problem make in simplifying the system in this fashion?

2. Below are three fairly recent results obtained from a variety of sources. Comment on how each of these observations relate to theories presented about the origins of life on earth.

a. The elemental composition of interstellar frost and the volatile portion of comets (the part that blows off as the tail) are presented in the table below. Results are given as mass per cent.

Element
Interstellar Frost
Volatile Portion of Comets

Hydrogen

Oxygen

Carbon

Nitrogen

Sulfur

Phosphorous
55

30

13

1

0.8

not measured
56

31

10

2.7

0.3

0.08

b. Using an inorganic Fe-S catalyst, lab research has found the conversion of nitrogen to ammonia at temperatures of 70-80° and at atmospheric pressure.

c. Recent discoveries of old seafloor minerals in China have pushed back the start of continental drift, oceans, and plate tectonics. If true this would mean that seafloor spreading, ocean ridges and vents would have originated earlier than previously believed.

3. The following is a part of the amino acid sequence of a transmembrane protein:

Lys-Arg-His-Asp-Cys-Val-Phe-Met-Val-Iso-Leu-Iso-Met-Phe-Gly-Tyr-Arg-Glu-Gly-Asp-His

a. Circle the portion of the peptide that would most likely be buried in the lipid portion of the membrane. Explain the reasoning for your selection.

b. How many water molecules were lost in the formation of this polypeptide?

c. Give examples of the types of forces that could be involved stabilizing the 3-D structure of this protein. Give at least 3 examples.

d. Draw out the structural formula for the 3 amino acid section at the carboxyl terminus of this protein.

4. The hydrolysis of sucrose into glucose and fructose is a spontaneous reaction. However, if you leave an aqueous solution of sucrose setting out overnight, no hydrolysis occurs. Explain this result.

5. Start with the single strand DNA sequence below: 

AATCGTGCC

A. By adding a complementary sequence, convert this strand into a double stranded DNA with correct base pairing. In your double strand picture, indicate the 3’ and 5’ ends of both strands.

B. How many hydrogen bonds are holding the two strands together?

C. When DNA is heated to a high enough temperature, the 2 strands separate back into single strands. (This is usually referred to as denaturation or melting). How would the following factors influence the melting point of the DNA (higher or lower)? Briefly explain your reasoning.


a. Long strand compared to short strand.


b. Large amount of G-C content compared to small amount of G-C content.

c. Solvent that contains very good hydrogen bond forming molecules compared to solvent that does not have good hydrogen bond formers.

D. Would you expect DNA to be more soluble in water or in ethanol? Would you expect DNA to easily cross cell membranes?

6. For each of the following sets of words, write a short response comparing and contrasting the members of that set.

a. kingdom   domain 

b. evolution     natural selection

c. enzyme      catalyst       protein

d, RNA         DNA

e. acid          pH

f. chiral
enantiomer

7. In vertebrates oxygen is carried by the protein hemoglobin, which is packaged in red blood cells. The red blood cells have an unusual structure, best described as a doughnut with a thin layer of membrane and cytoplasm filling the central hole. See pictures in chapter 4. The normal shape for many circulating cells is roughly spherical. What would be the advantage in the red blood cells unusual shape? Explain your reasoning clearly.

