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1
B1) What is an enzyme? What does enzyme kinetics mean?
An enzyme is a protein that lowers the activation energy for a chemical reaction, thus catalyzing the reaction.  Enzymes are only needed in small amounts because they can catalyze a reaction without being irreversibly changed; in other words, they can be reused.  The overall energy used for the reaction does not change with the addition of an enzyme.  Most biological reactions in the cell require an enzyme, otherwise they would occur too slowly.
Enzyme kinetics is the study of the rate of conversion of substrate to product and how that rate is affected by various factors, including substrate concentration, temperature, pH, etc.

B2) What is the active site in an enzyme? Sketch an enzyme and label the active site. 
The active site is the location, on an enzyme, where the substrate binds the enzyme. The active site is a 3-D cavern-like structure, which consists of specific amino acids.

B3) Describe your understanding of how a substrate binds an enzyme.  Hints: consider what physical and chemical characteristics of the substrate and the enzyme active site affect the binding strength and the amount of time the substrate is bound to the enzyme.
Students will give different answers.  We are hoping for an explanation that shows the student knows the
a. substrate binds to an active site because there is a shape and electrical charge complementary relationship between substrate and enzyme.  There is a strength to this binding and that is called affinity.
b. substrate binding is transient/impermanent and is directly related to the concentration of substrate in the area immediately around the enzyme and the affinity of the substrate for the active site.
c. When the substrate binds the enzyme, there is often a conformational change in the shape of this enzyme-substrate complex.

B4) How do you think temperature affects enzyme activity and can you explain the mechanism underlying this effect?  How do you think pH affects enzyme activity, and what is a reasonable explanation of the mechanism underlying this effect?
Enzymes have temperature and pH optima with upper and lower bounds.  Enzymes work over a range of temperatures and pH but work best at their optimum temperature and optimum pH.

Increases in temperature may increase enzyme kinetics up to some optimal temperature due to increased random motion of molecules, which if exceeded changes the 3D shape of the enzyme and ultimately denatures the protein and decrease enzyme kinetics.

Similarly, pH affects the 3D structure of an enzyme due to its effect on the attraction and repulsion forces of amino acids for each other.  Each enzyme has an optimal pH which enables a particular 3D structure that results in the highest kinetics. pH that is either too low or too high will change that 3D structure and may result in denaturation of the enzyme. 

Optional Thought Question: Humans and other mammals have relatively constant body temperatures, but algae and plants (and most fish, amphibians, and reptiles) live at the temperature of their environment. If enzymes have an optimum temperature, how do you think these organisms live where there are large changes in temperature seasonally or even daily?



M1) What does it mean for a curve/plot to be linear, and what does it mean for it to be non-linear? Sketch an example of a linear plot and a non-linear curve. 
A linear plot is one in which there is a proportional relationship between x and y; for every change in the value of x, there is a proportional change in the value of y, and the plot is a perfectly straight line. A non-linear plot is one in which there is not a proportional relationship between x and y, so that the change in y differs depending on the value of x, and the plot is not a straight line, but instead is curved.

Students should draw a straight line for a linear plot, and some kind of curved line for the non-linear plot.

M2) The slope of a curve is equal to the change in the Y variable divided by the change in the X variable, thus slope = (y1- y2)/(x1 - x2).  For the curve shown in the figure below, what can you say about the slope -  the change in y relative to the change in x - in the region of the plot indicated by the blue box? What about the slope for the region of the plot indicated by the red box?
[image: ]
For the region marked by the blue box, the change in y is much greater than the change in x, so the slope is greater or steeper. For the region marked by the red box, the change in y is much less than the change in x, so the slope is smaller or flatter. 

M3) For the curve above, what is the value of x when y is at half its maximal value?
y should be ~8.5 and x should be ~7.5; students should draw a line to determine the value fairly accurately.


M4) Write a definition for an asymptote of a curve on a graph.
An asymptote of a curve is a straight line that a curve is continually approaching, but never reaches, as the curve moves towards infinity. 
Data collected during scientific experiments are usually not “perfect,” so when plotted on a graph the dots do not always connect to make a smooth curve. Therefore it is often very helpful to use a computer program like Excel to make a scatter plot of the data, so that a trendline can be generated to provide a best-fit mathematical representation of it. Such programs also determine an estimate of how well the trendline fits the data. This estimate is called the R-squared value. Below you will use Excel to generate scatter plots of test data, to practice using the program to analyze real data related to the function of the enzyme carbonic anhydrase.

Practice Graphing Problems
For each of the following sets of data, create a scatter plot and choose a trendline that gives the best fit.  See next page for details on using excel.
M5) Practice Problem 1 Data
Graph the following data collected for growth of a bacterial culture over time. 
	time (minutes)
	bacteria (cells/mL)

	30
	10

	55
	18

	92
	45

	115
	88

	140
	158

	190
	350

	221
	650



Answer for Problem 1 



[image: A graph with a line and a dotted line
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M6) Practice Problem 2 Data
Graph the following data set collected to test how wind speed affects temperature feel.
	wind speed (mph)
	temp feel (°F)

	0
	40

	5
	38

	10
	36

	15
	34

	20
	31

	25
	30

	30
	28

	35
	26



Answer for Problem 2

[image: A graph with a line and a point
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Supplement:  How to create a scatter plot with a trendline in Excel.
1. Enter your data in columns.  Highlight the data and column titles, and then select Insert>Charts>Scatter:
 [image: A screenshot of a spreadsheet
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2. Click on the first type of Scatter Chart (also called scatter plot):

[image: A screenshot of a spreadsheet
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3. Click on the chart itself.  You will then see a menu on the top to Add Element.  Go down to Trendline, and select “More Trendline Options”   You can then add different types of trendlines:
 [image: A screenshot of a graph
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4. You can also add a trendline equation, and an R-squared value:

[image: A screenshot of a computer
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The closer the R-squared value is to +1 or -1, the stronger the line’s fit is to the data.  You may need to try different types of equations (Linear, Power) to find the best fit.  Under Polynomial Equations, Order 2 means quadratic, Order 3 means cubic.
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