Cell Biology Workshop I-Key
1. A fly…has about 4.3 x 10-13 g of DNA per diploid cell.  In polytene salivary gland cells …there are about 3.4 nanograms of DNA per cell.

a. How many DNA duplex molecules are contained in each polytene nucleus, on average? The diploid DNA amount is 4.3 x 10-13 g/cell or 4.3 x 10-4 ng/cell. One polytene cell contains 3.4 ng/.00043 ng =7900 diploid equivalents or 15800 haploid equivalents. Each haploid chromosome is represented by 15800 copies.

b. How many times must the diploid state be duplicated to reach this number of molecules? Starting from the diploid number of two, in x generations there will be 2x copies of each chromosome. So here 2x=15800. This could be solved by trial and error but more directly by taking the log of each side and solving for x:

Log(2x)=Log(15800)

X (log(2))=Log(15800)

X=Log(15800)/Log(2)

X=13.9 or 14 generations

2. In humans the normal diploid genome consists of about 6.4 x 109 bp.

a. How long a double helix could be formed from this amount of DNA? One base pair of DNA has an along strand length of 0.34 nm/bp. (6.4 x 109 bp)(0.34 nm/bp)=2.176 m 
b. Assuming this was evenly distributed in the human cell, on average how long would each chromosome be? Diploid human genome is 46 chromosomes. 2.176m/46 = 0.0474 m/chromosome, or 47.4 mm, or 47,400 micrometers per chromosome.

c. The average length of a human chromosome at metaphase is about 6(m. What is the ratio of the expanded length of DNA to the condensed length of DNA in these chromosomes? Extended length/condensed length=47,400 micrometers/6 micrometers=about a factor of 7900

d. Assume a human has 1014 cells. If put end to end, how long would the DNA in one person be? Assuming each cell is diploid, ~2 x1014 meters 

3. Examine the structures of the amino acids’ side chains.

a. Which ones have significant amount of alkane carbon in the side chain? Leucine, isoleucine, valine, all have a lot; threonine, proline, lysine have areas of alkane.

b. Which ones could form hydrogen bonds with other molecules? aspartic acid, glutamic acid, glutamine, asparagine, serine, threonine, tyrosine, histidine, lysine, arginine

c. Which ones could form ionic bonds with other ions? Aspartic acid, glutamic acid, lysine, histidine, arginine

d. Which ones contain acidic or basic groups? What is their normal charge state at physiological pH? Basic :lysine, +1; arginine, +1, histidine, +1/2; aspartic acid, -1; glutamic acid, -1.

4. A typical human cell has a diameter of 20 (m. This cell is attacked by cubic viruses that are 200 nm on each side.

a. Estimate the maximum number of virus particles that could bind to the cell membrane. Surface area of a sphere=4(R2. For a cell with radius 10 micrometers, this gives an area of 1256 square micrometers. For the side of the cubic virus that binds, use a square of 0.2 micrometers, for an area of (0.2)(0.2)=0.04 square micrometers.

Number of possible viruses =area of host sphere/area of attached virus=1256/0.04=31,400 virus particles.

b. Assume the viruses can only bind to a specific cell surface protein. If there are 1000 of these proteins and they are evenly distributed, how far apart on average are each of the surface proteins? Divide the cell surface area of 1256 square micrometers by 1000. Each receptor is then the center of an area of 1.256 square micrometers. If I assume this area is a circle, and solve for the corresponding radius:

Circle area =(R2

1.256 square micrometers/3.14=R2
R=0.63 micrometers or 630 nm

CLARIFICATION-THE SEPARATION WOULD BE 2X THE RADIUS DISTANCE, OR 1.26 MICROMETERS.

5. The thickness of a cell membrane is about 20 nm.

a. What is a reasonable value for the limit of resolution of a light microscope? About half the wavelength of the shortest wavelength of visible light, 0.2 micrometers or 200 nm.

b. How many cell membranes would need to be stacked together to be observed as a resolvable structure on a light microscope? This suggest that at least 10 cell membranes would need to be stacked together to be visible under light microscopy.

6. A mammalian cell has 1.2 m of DNA per cell. The S phase in these cells is 5 hr long. If the rate of DNA strand duplication is 16 (m/min, how many replication forks must be operating during chromosome replication? Five hours contains 300 minutes. To replicate 1.2 m in 300 minutes, I need to replicate 1.2/300=0.004 meters, or 4 millimeters of DNA every minute. This corresponds to 4,000 micrometers of DNA replicated every minute. If each replication fork can copy 16 micrometers in one minute, then 4000/16=250 replication forks must be operating on average throughout the S phase of these cells.

7. The pKa of aspirin is 3.49 

a. What percentage of aspirin is in the conjugate acid form in the blood? (pH 7.4)

First, a qualitative answer: I am on the basic side of the pKa so I expect the conjugate base form to dominate

Using the log form of the Ka equation: pKa=pH +log{[HA]/[A-]}

3.49=7.4 + log{[HA}/[A-]}

-3.91=log{[HA]/[A-]}

10-3.91=HA/A-

0.00012=HA/A-

~0.012 % in the conjugate acid form

b. What percentage of aspirin is in the conjugate acid form in the stomach? (assume pH 3)

3.49=3 + log (HA/A-)

0.49=log (HA/A-)

100.49=(HA/A-)

3.09=HA/A-

There are 3.09 conjugate acid molecules for each base molecule, or 3.09 acid molecules for every 4.09 (acid + base) molecules

Per cent acid =(3.09/4.09)x 100 %= 75.5 % conjugate acid

This is on the acid side of the pKa value (slightly) so this seems sensible.

