
Lab 5 Worksheet

Problem 1(a): The Null Space—When Things Are Conserved

We’re going to return now to the methods that we used in Labs 1 and 2 to solve biochemical
reaction equations. You will probably remember that we discussed two things:

• We looked at elemental balance—or mass conservation—in the first step of
glycolysis.

• We examined charge conservation in oxygen free-radical elimination.

The parallel here is that, in both cases, something is being conserved. Naturally, as an as-
piring quantitative biologist, you’re going to wonder if there is an underlying mathematical
reason for this—there is!

The other idea that we need comes from Lab 3, when we discussed Michaelis-Menten enzyme
kinetics. Explain in a few sentences why the coefficient matrix in Problem 3 from that lab
has a 1-D null space. Include both a mathematical reason and a biological explanation.

Write the equation that defines the solution space of the Michaelis-Menten coefficient matrix
(this is the line that solves the linear system).

In sections 3.5 and 4.1 of Strang you will learn that the null space of a matrix and the row
space of the matrix are complementary spaces. This means that the dimension of the null
space plus the dimension of the row space is equal to the number of columns in the matrix.
Does this make sense? Why?

Explain how to determine the null space.
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Is the number of rows necessarily the same as the dimension of the row space? Support your
response with an example.

If they are not equal, what does this mean?

The set that of vectors that combines the row space and the null space forms a basis for Rn

(n = number of columns in the matrix):

B = {row space} ∪ {null space}.

The “∪” means union, which you can think of as a fancy plus sign. This new set includes
all of the elements from the two “united” sets. One example of this is

{integers} = {odd numbers} ∪ {even numbers}.

Can you think of another example? (There are many.)

The rows in the matrix that define the row space are linearly independent. What does this
mean geometrically, and what is another mathematical term for this?

Consider the following matrix:

M =

 1 0 0
0 1 0
2 2 0

 .

What is the row space of this matrix? Explain.
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Now, write down an example of a vector that is in the null space of this matrix.

Use MATLAB to multiply this vector by M—what do you conclude?

For the following vector, state whether it is part of the row space or the null space of M ,
and explain whether or not it is orthogonal to to your other vector (from the null space): 7

2.4
0

 .

What can you conclude about vectors in the two spaces?

Problem 1(b): The Stoichiometry Matrix and Its Null Space

The biochemical reactions that occur within cells are complex, and they often occur in
multiple steps. Take another look at the stoichiometric column matrix for the first step in
glycolysis:

S =


−1
−1
1
1


GLC
ATP
G6P
ADP

Explain how we constructed this.

This matrix is only one column of the full stoichiometric matrix for glycolysis! Each step—
each reaction—has its own column.
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Recall from Lab 3 that you were able to use linear algebra to study the differential equations
in a Michaelis-Menten reaction. In a similar way, you can use the stoichiometric matrix to
write down something called the dynamic mass-balance equation:

dx

dt
= Sv.

In the rest of this problem, we’re going to figure out how to properly understand this equation.

What do we mean, exactly, when we write a differential equation with vectors? What do
you get when you multiply a matrix by a column vector?

One way of thinking about this equation, then, is as an easy, compact shorthand for several
differential equations. Suppose that you wanted to study a simple biochemical reaction with
two metabolites, A and B:

A
k1
k2

B .

You know that A is consumed in making B, and visa versa. Therefore, you can write a
system of two differential equations, which look the same as those that you dealt with in the
Michaelis-Menten problem:

d[A]

dt
= −k1[A] + k2[B]

d[B]

dt
= k1[A]− k2[B]

Recall that the brackets indicate that we are dealing with concentrations of each metabolite.

Does the structure of these two equations make sense to you with respect to how the reaction
works? Explain in a few sentences why.

Write the dynamic mass-balance equation for this model system by filling in the blanks
below: [

d[A]
dt

d[B]
dt

]
=

[
−k1

] [
[A]

]
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Suppose that the vector you are multiplying on the right-hand side of this equation is[
73
0

]
.

Interpret this vector with regard to the chemical system that you are trying to model.

Earlier, we said that each column of the stoichiometric matrix refers to one reaction in a
biochemical process. In this case, the first column refers to the reaction A B and the
second column refers to the reverse reaction. Explain in a few words what x and v are in
the mass-balance equation.

Now, let’s make a connection with Problem 1a. Calculate the null space of S in terms of k1
and k2.

In the Michaelis-Menten equation, there is some important biochemical information about
enzyme conservation contained in the null space. The vector that you just wrote down to
define the null space should satisfy

dx

dt
= 0,

where 0 is the zero vector. Explain what this means in terms of the A B reaction in
this problem.

Does the null-space vector identify an equilibrium state of the reaction?

When you carry out a calculation like computing an inverse matrix or determining a null-
space vector, it’s important to check your work, since it’s very easy to mess these calculations
up. To check that your null-space vector, n, is correct, you’ll want to verify that

Sn = 0.

In order to do this, you can use the symbolic arithmetic capabilities of MATLAB. For each

5



algebraic symbol, like k1, type

>> syms k1

Then, you can treat them just like numbers or already-defined variables and use MATLAB
to carry out the multiplication.

As you can imagine, this tool could be quite useful for you in the future.
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