CONNECTION TO THE CURRICULUM FRAMEWORK FOR AP BIOLOGY

	AP10.1 

BI 2, EU 2E, and APLO 2.35; BI 2, EU 2C and APLO 2.15, 2.19; and BI 3, EU 3A, and APLO 3.11]

	Scientific Method Connection, page 294 - PLACE BELOW FIGURE 10.9

A. A comparison of the relative time intervals of mitotic stages can be made by completing the task described.  In evaluating each time interval, the problem suggests that you assume that the length of time to complete one cell cycle is 24 hours.  How can that assumption be tested?

Suppose that you have a growth chamber in which roots of a newly germinated plant can be examined visually with a lens that provides a magnification from which lengths can be determined with a precision of ±0.05 mm.  The field of view can be rotated so that measurements can be made of both the length and diameter of the growing tip.  A large number of growing roots can be studied.  Tips can be sampled, sectioned, and examined microscopically with a 25x magnification so that estimates of the diameter and length of cells can be made.

Cells in the growing tip of the root rapidly undergo mitosis, just as the whitefish blastula described in Figure 10.9.  With increasing distance from the growing tip, the rate at which mitosis occurs slows until tissue is reached where the initiation of the cell cycle is delayed.

A. Describe a sequence of measurements that could be used to test the assumption that the cell cycle, once started, has a total time interval of 24 hours.. Hint: Rather than counting cells it might be useful to measure the length of the root tip and the average length of a cell.

B. Using the data obtained from your measurements described in part A, how can the rate of cell division be calculated?  

	Distance (mm)
	Per hour

	0
	0.035 ± 0.01

	0.1
	0.047 ± 0.005

	0.2
	0.044 ± 0.01

	0.3
	0.039 ± 0.01

	0.4
	0.042 ± 0.01

	0.5
	0.031 ± 0.005


An experiment that is perhaps similar to one you have proposed was conducted (Beemster and Baxter, 1998), and the results are shown in the table at the right.

C. Using these data, estimate the length of time of the cell cycle, including an estimate of precision by calculating the standard deviation. 

Growth factors are signals that initiate cell division in eukaryotes. (The data in the table above show that cells in the plant root less than a mm from the root tip are showing a reduction of growth rate.)  The interaction of two plant hormones, auxin and brassinosteroids, have been shown (Chaiwanon and Wang, Cell, 164(6), 1257, 2016) to regulate cell division in root tips.   Auxin concentrations are higher near the root tip and decrease with distance from the tip.  Brassinosteroids decrease in concentration near the root tip.  Auxin is actively transported between cells, whereas brassinosteroids have limited transport between cells.  

D. Based on these data and the observed distribution of brassinosteroids and auxin in the growing root, predict a mechanism for their interaction and justify the claim that brassinosteroids synthesis is negatively regulated by auxin transported to the cell, and that auxin is positively regulated and amplified. 

	AP10.2

BI 2, EU 2E and APLO 2.33, 2.36, and 2.37

	Many biological processes are synchronized with the 24-hour rotational period of the Earth. Circadian (24-hour) periodicity is common across phyla.  One of these processes is the cell cycle. The currently accepted explanation is that the low-oxygen atmosphere of early Earth had no ozone layer to filter out the solar ultraviolet radiation that damages DNA.  Completing the S phase of the cell cycle at night provided a selective advantage.  The internal clock controlling the cell cycle and the circadian clock became synchronized. Research has demonstrated that changes in one clock, either the circadian clock or the cell cycle clock, disrupt timing in the other.  The question remained, which clock controls the other?

Researchers have found that the circadian clock, which can be observed by fluorescence markers on proteins that carry the circadian signal, can be disrupted by changes in light, nutrition, or exposure to the steroid dexamethasone. Nutrition can also disrupt the cell cycle clock.  Rat fibroblasts (cells constantly undergoing mitosis) were grown as tissue culture on medium containing different levels of the Fetal Bovine Serum (FBS) nutrient with and without the addition of dexamethasone.  Confluence is a phenomenon that occurs in a tissue culture when the surface of the growth medium becomes covered with cells, and the cells stop dividing.  The circadian and cell cycle periods were measured.

	
	FBS
	dexamethasone
	confluence
	circadian period
	cell cycle period

	a
	0%
	no
	no
	24 ± 0.5 hr
	24 ± 0.5 hr

	b
	10%
	no
	no
	21.9 ± 1.1 hr
	21.3 ± 1.3 hr

	c
	15%
	no
	no
	19.4 ± 0.5 hr
	18.6 ± 0.6 hr

	d
	10%
	yes
	no
	24.2 ± 0.5 hr
	20.1 ± 0.94 hr

	e
	‡ 20%
	yes
	no
	21.25 ± 0.36 hr
	19.5 ± 0.42 hr

	f
	20%
	yes
	no
	29 ± 1.05 hr
	16.05 ± 0.48 hr

	g
	10%
	yes
	yes
	24 ± 0.5 hr
	na


‡ Subsets of samples with 20% FBS and dexamethasone were clustered around two means for each measured period.

A. Based on these data, describe the connections between the circadian period and the cell cycle period for each of the experimental conditions. 

B. Based on these data, justify the claim that in cells that are actively dividing the circadian period is set by the cell cycle period rather than the reverse. 

	AP10.3

BI 2, EU 2E and APLO 2.32, 2.34; BI 3, EU 3A and APLO 3.6, 3.7, and 3.8; 

BI 4, 
EU 4A 
LO 4.6; 

BI 4, 
EU 4C, LO 4.14 LO 4.22  
	Cancer comprises many different diseases with a common cause: uncontrolled cell growth. Cancer is a complex response to a host of environmental mutagens as well as the accumulate of random mutations. Since the “war on cancer” began in 1971, the death rate due to cancer has changed very little despite the discovery of several tumor suppressor genes, including p53.  

A. Briefly describe the multiple functions of p53, including the role of p53 in apoptosis.
B. A principle of biology is that “form follows function.”  The protein p53, which has multiple functions, is named for its molecular mass – approximately 53 kDalton.  This is not a large polymer by comparison with other proteins; for example, ATP synthase, which has only one function, has a molecular mass of approximately 550 kDalton.  Based on analogies to processes involved in cellular signaling, create a model(s)to explain how so many functions can be supported by a single, relatively simple structure.

[image: ]

C. Mutational signatures of p53 are shown in the figure above (G.P. Pfeifer et al, Nature, 21(48), 2002) for the three types of cancer with the highest death rates in the U.S.: lung (approx, 225,000 deaths in 2016), breast (246,000), and colon-rectal (381,000).  These data can be obtained by sequencing the gene that encode for p53.  Approximately 85% of lung cancers occur in smokers.  Based on these data, calculate how many deaths due to lung cancer among non-smokers were reported in 2016. How much does smoking increase the likelihood that of death due to lung cancer?

D. As shown below each graph above, particular transversions (replacement of a pyrimidine by a purine of vice versa) or transitions (replacement of a purine or pyrimidine by the alternative purine or pyrimidine) are  features of specific mutational signatures.  Based on these data, identify the transversion or transition that seems to be induced by cigarette smoke?

E. Using your answer to B above, predict possible mechanisms, i.e., transversion or transition, for the different mutational signatures among lung cancers of smokers and other cancers, and for the very similar mutational signatures of lung cancers of non-smokers and breast and colon-rectal cancers. E.  The partitioning of function along the length of the protein can lead to functional and non-function segments.  It is believed that the transversions due to smoking are caused by polyaromatic hydrocarbons.  The hotspots for these mutations lie in the segment that binds to DNA.  The transition hotspots are in segments that regulate apoptosis.


	AP10.4

BI 2, EU 2E and APLO 2.31

	Cells in different tissues of a fully developed human show significant variation in the length of time that they remain in the G0 phase of the cell cycle: muscle (lifetime), nerve (lifetime), adipose (years), liver (year), erythrocyte (months), bone osteoclasts (weeks), leukocyte (days), and epidermal (hours).  For each of these types of tissues, propose a reason based on internal and external factors and function that might account for the differences among these longevities. 

	AP10.5

BI 3
EU 3A
	[bookmark: _GoBack]Describe the essential components and results of mitosis and the activities that occur during the interphase to prepare the cell for mitosis. 
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