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Figure 1.  Michaelis-Menton plot showing

the relationship of substrate concentration

and initial velocity in enzyme-catalyzed

reactions.

Enzyme Kinetics

Enzyme kinetics describes the rate of change of reactant concentrations in a chemical reaction.  A
simple, one-substrate reaction can be described by Equation 1, where E is the enzyme, S is the
substrate, and P is the product:

4Initially there is no product, so the rate constant k  is zero.  Under steady-state conditions, the
concentration of ES stays the same while the concentrations of the reactants and products are
changing; that is, the rate of ES formation is the same as the rate of breakdown (Equation 2).

 

Equation 2 can be rearranged and simplified by defining the Michaelis constant, Km (Equation
3):

When all of the enzyme is bound to substrate (i.e., substrate concentration is at saturation levels)

max mand is thus in the ES state, the rate of the reaction is at a maximum or V .  Combining K  with

maxV ,  Michaelis and Menton derived a mathematical equation (Equation 4) to describe the
relationship between the initial velocity (or reaction rate) and substrate concentration:

(4)

Figure 1 illustrates a typical plot for a one-substrate enzyme-catalyzed reaction.  At relatively low

o osubstrate concentration, v  increases as the substrate concentration increases.  As v  approaches
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Figure 2.  Lineweaver-Burk (double-

reciprocal) plot.

max V the reaction rate is constant and independent of substrate concentration.
Rearranging the Michaelis-Menton equation to the form in Equation 5 makes it apparent that the

mMichaelis constant, K , has the same units as substrate concentration or moles/liter.  It should

m oalso be apparent that when K  is the substrate concentration, the initial velocity, v , is equal to

max m max o m one-half the maximal velocity, V .  (That is, using Eqn. 5, when K  = [S], V /v  = 2.) K can
give an approximation of the affinity (think of affinity as the strength of attraction between

msubstrate and enzyme) that the enzyme has for the substrate; the lower the value of K , the
greater the affinity.

m maxAlthough the values of K  and V  can be estimated from plots like that in Figure 1, it is easier
and more accurate (without using nonlinear regression) to use a plot of a linearized form of the
Michaelis-Menton equation.  The reciprocal of the Michaelis-Menton equation (Equation 6) is
the most common linearization and the concomitant plot (Figure 2) is referred to as a double-
reciprocal or Lineweaver-Burk plot.

By comparing Equation 6 to the general equation for a straight line (y = a+ bx), it is clear that the

m max max mslope of the line is K /V  and the y-intercept is 1/V .  The x-intercept is equal to -1/K .  It is
important to note that a shortcoming of using a double-reciprocal plot is that at low substrate

oconcentrations (high values for 1/[S]) small deviations in the initial velocity (v ) can badly skew
the regression line through the data points.  For this reason other linearized forms of the
Michaelis-Menton equation, for example Equation 7, used to produce an Eadie-Hofstee plot
(Figure 3), may be used.  The Eadie-Hofstee plot is not without its own problems, though.  

(7)



Figure 3.  Eadie-Hoffstee plot.

As Equation 7 indicates, the “independent variable” (x-axis) actually comprises the true

oindependent variable ([S]), as well as the dependent variable (v ), so the axes are not independent

m maxof each other.  Generally, this is to be avoided.  The values for K  and V  can be determined
using either linearized form.  The calculated values will not be identical but they should not be
very different. 
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Figure 4.  Lineweaver-Burk plot with

competitive inhibition.

Competitive Enzyme Inhibition

In competitive inhibition, an inhibitor molecule has a chemical structure similar to the substrate
and competes with the substrate to attach to the catalytic site of the enzyme.  The effectiveness of
a competitive inhibitor is based on its relative concentration to the substrate and the affinity with
which it binds to the enzyme.  Inhibition increases as the ratio of inhibitor concentration to
substrate concentration increases and/or as affinity of the enzyme for the inhibitor increases

I(effective binding at low concentrations).  An inhibitor constant, K , similar to the Michaelis
constant, can be defined (Equation 8) and incorporated into the Michaelis-Menton equation
(Equation 9).

IAs before, an easy way to determine the value of K  is by taking the reciprocal of Eqn. 9
(Equation 10) and making a double reciprocal plot (Figure 4).  As with the uninhibited enzyme,

max mthe y-intercept represents 1/V .  However, the apparent K  is greater due to the inhibition, so

mthe slope is steeper and the x-intercept closer to the origin.  By plugging in the values of K  and

max iV  from the uninhibited enzyme, the value for K  can be determined using Equation 10 and
values from the plotted data.



Mock Enzyme Lab
(after Chayoth, R. and A. Cohen.  1996.  A simulation game for the study of enzyme kinetics & inhibition.  American

Biology Teacher 58:175-177)

PROCEDURE

Part I Enzyme Activity and Substrate Concentration
A blindfolded student (the “enzyme”) picks up as many pennies (“substrate”) as possible in 30
seconds.  At lower substrate concentrations (e.g., 10 pennies) you may want to shorten each
reaction time to 10 seconds.  (Why?)  Alternatively, you may want to replace pennies, keeping
their concentration constant.  Make sure to record the method you choose and include that
information in your lab report.

Different numbers of pennies (10, 20, 30, . . ., 100) are placed randomly within a 1 m x 1 m
square.  (What are your units for substrate concentration?)  The blindfolded student picks up as
many pennies as possible within the allotted time, placing them within a cup in her other hand.
Normalize the data by calculating the rate in minutes (e.g., for a 30 second assay, multiply by 2).

Plot the data as it is collected as a Michaelis-Menton plot and as at least one linearized form. 
This is termed “real-time data analysis” and ensures that you will have good data for analysis. 
(No excuses for bad data!  Do it right the first time and you won’t have to repeat this experiment
on your own time.)

Part II: Competitive Inhibition

The simulation in Part I is repeated, with the addition of silver pennies, representing a
competitive inhibitor.  The concentration of the inhibitor is kept constant while substrate
concentrations are varied.  At the end of each assay, only the copper-colored pennies are counted.

Repeat Part I, including 10 silver pennies with each trial.  Repeat using 30 silver pennies.

Tips:
1. The “enzyme” should not get better (or worse) with practice. 

- try to use a steady rhythm
- use your catalytic site (finger tips) to find the pennies, not your palm
- aim for consistency

2. Get enough data points for a smooth Michaelis-Menton curve and to give a good
distribution on your linearized plot.
- pay special attention to the transition phase (mixed order region) of the Michaelis-  
Menton plot
- consider replicates
- be especially diligent at low substrate concentrations with the Lineweaver-Burk plot

3.  Randomize your substrate concentrations (don’t do an orderly progression).



RESULTS

1. Create a table similar to the one below for each trial (uninhibited, two trials with competitive
inhibition); substitute or include columns for an Eadie-Hofstee plot if that is your choice:

o o o[S] (coins/m ) v  (coins/30 sec) v  (coins/min) 1/[S] 1/v2

2. Plot as you go. 

DISCUSSION

1. Analyze your data using Microsoft  Excel.  (Described in the online tutorial.)  ®

2. Your lab report should include

m max Ia. values for K , V , and K . (with descriptions in “Materials and Methods” section of how
values were obtained)

b. plots of each assay (easiest to do as separate plots)
c. regression information for each plot including the equation of the line and the r  value2

d. discussion of your data in regard to how well your “enzyme” worked, the values obtained
from your plots (including regression results), and the effectiveness of the competitive
inhibitor


