Enzyme Kinetics - Basics 
(adapted from Russo and Moothart (1986) J. Chem. Ed. 63:242-243)
Introduction
In biochemistry, kinetics is the study of the rates at which enzyme-catalyzed reactions occur.  The rate, or velocity, is expressed as the amount of substrate converted to product in a given amount of time (usually expressed as (moles/min):

V = dS/dt = k[S]

where k is a rate constant.  An enzyme catalyzed reaction occurs at its fastest rate initially (before products buildup and substrate is used up), and this is called the initial velocity, V0.  The general theory of enzyme kinetics was developed by Michaelis and Menten.  They derived the following equation to describe an enzyme catalyzed reaction:

V0 = Vmax[S]/(KM + [S])

This is known as the Michaelis-Menten equation where Vmax is the maximal velocity of the reaction and corresponds to all of the enzyme being in the enzyme-substrate (ES) complex.  KM is known as the Michaelis constant, and it represents the dissociation constant for the ES complex.  KM also is equal to the concentration of substrate that gives V0 = ½ Vmax.   Although there are several assumptions within the derivation of the Michaelis-Menten equation, it is still the principle means by which enzymatic reactions are analyzed.  To simplify the measurement of KM and Vmax, enzyme-catalyzed reactions are generally plotted as double-reciprocal plots called Lineweaver-Burk plots.  Plotting in this fashion linearizes the Michaelis-Menten equation, and makes analyses more straightforward (Figure 1).


Lactase is an intestinal enzyme which catalyzes the hydrolysis of lactose to D-glucose and D-galactose (Figure 2).  However, for most people who drink milk, the amount of lactose entering the small intestine exceeds the capacity of intestinal lactase to break it down into smaller sugars.  Some of the undigested lactose is excreted in the urine, but some of it enters the large intestines where the polar nature of lactose causes water to diffuse out of the tissues and into the intestinal lumen.  Microbes in the intestine degrade lactose and produce organic acids and CO2, inducing diarrhea.  The inability to process lactose is known as lactose intolerance.  Those individuals with a high activity of lactase in the intestines are lactose tolerant, and are generally of northern European descent.  


We will examine the kinetics of lactase spectrophotometrically.  Instead of using lactose as a substrate, we will use the synthetic alternative substrate, o-nitrophenyl-(-D-galactopyranoside (ONPG).  The hydrolysis of ONPG by lactase yields galactose and o-nitrophenolate, which is yellow in color and can be monitored with a spectrophotometer at a wavelength of 420 nm (Figure 3).  As a source of lactase, we will use the commercially available formula, Lact-Aid(, which is purified lactase from yeast that is sold over-the-counter to relieve the symptoms of lactose intolerance. 




Figure 1.   Lineweaver-Burk plot for examining kinetics of enzymatic reaction.




Figure 2.  Hydrolysis of lactose to form galactose and glucose.  This reaction is catalyzed by the enzyme lactase which occurs in the intestine.




Figure 3.  Hydrolysis of  the synthetic substrate ONPG to form galactose and o-nitrophenolate.  This reaction is also catalyzed by lactase, but the o-nitrophenolate group that is produced has a yellow color, making it easy to measure spectrophotometrically.
Equipment and supplies
UV/Vis spectrophotometer

10 quartz cuvettes

Digital pipetters

Pipette tips

10 ml graduated cylinder

12 squares of parafilm (about 3 x 3 cm)

A watch that shows seconds

Solutions and Chemicals
1.  1 ml of each dilution of ONPG solution: 20 mM, 15 mM, 12 mM, 7.5 mM, 4 mM.

2.  Enzyme solution (3 drops of Lact-Aid in 25 ml water or 0.5 original-strength tablets in 50 ml buffer).

3. Buffer:  0.1 M potassium phosphate at pH 8.0 and pH 6.5.

Procedures

1. Set the wavelength scale to 420 nm with the Wavelength Control Knob (Make sure filter lever is pushed to the left!) and calibrate your spectrophotometer as you have done in the past using phosphate buffer as blank (see below).

2. In 6 clean cuvettes, add 4 ml 0.1 M phosphate buffer at pH 8.0.  Set aside one as a blank, and to the other 5 add 0.5 ml of each concentration of ONPG solution (these 5 will be your “sample” cuvettes).  Wipe the cuvette with a tissue to remove water drops, fingerprints, and dust, and shake loose any bubbles in the tube.

3. Add 0.2 ml lactase solution to one of your “sample” cuvettes, and immediately use a piece of parafilm to cover the top and mix by a single quick inversion of the cuvette.  As soon as the cuvette is inverted, begin recording the time.

4. Quickly place the “sample” cuvette into the spectrophotometer and record the earliest possible measurement of absorbance (note the time).  Record absorbance every 10 s for 2 min.

5. Repeat for each concentration of ONPG.

6. Repeat steps 1-5 using buffer at pH 6.5.

Analyses

Show all data and calculations!
1. Plot Absorbance (y-axis) versus Time (x-axis) for each ONPG concentration and determine the initial slope for each (which is equal to the initial velocity, Vo). You will have 5 graphs – one for each [ONPG] (if you prefer, you may put all 5 curves on a single graph).
2. Plot V0 (y-axis) versus [ONPG] and estimate the KM (M) and Vmax (absorbance units/min).
3. From the above data, generate a Lineweaver-Burk plot for lactase-catalyzed hydrolysis of ONPG at pH 8.0.  To do this, plot 1/Vo (y-axis) versus 1/[S] (x-axis).  This should yield a straight line where the y-intercept is 1/Vmax and the intercept on x-axis is -1/KM (the x-axis intercept will be to the left of the y-axis).

4. Determine Vmax (absorbance units/min.) and KM (M) from the Lineweaver-Burk plot.
5. Repeat steps 1-4 above for the pH 6.5 measurements.

6. Question: Why does pH affect lactase kinetics?   
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