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Hey there. This is Eric Simon and welcome to our second MP3 Tutor session on the topic
of cellular respiration. If you haven’t listened to the previous MP3 Tutor session on
glycolysis, you should definitely stop and listen to that one first. If it has been a while
since you listened to the glycolysis MP3, take a minute to review the brochure you
started. In this session, we will continue to build your cellular respiration study guide. As
we do, we’ll learn about the citric acid cycle and the electron transport system, two
processes that take place in the mitochondria.

It’s important to note that, unlike glycolysis, oxygen is required for these processes.
Electrons that are stripped from the glucose molecule are eventually transferred to
oxygen. Oxygen acts as the final electron acceptor. Without it, the reactions cannot
proceed.

Let’s fill your brochure with the reactions that take place in the mitochondria. Open your
brochure so that the glycolysis page is on the left. In the middle and on the right, you
have two blank panels. I’ll refer to the panel in the middle as panel #2 and the one on the
right as panel #3.

 At the top of these two blank panels, at the crease between panels 2 and 3, write
the phrases “Mitochondria” and “Needs O2.” This will remind you that both
processes require oxygen and proceed within the mitochondria.

 Draw a thick line that runs vertically at the crease between panels one and two.
This line represents the membrane between the cytoplasm and the mitochondria.
Notice that panel 1 is now labeled “Cytoplasm” while panels 2 and 3 are labeled
“Mitochondria.”

 At the top center of panel 2, put a title of “The Citric Acid Cycle.”
 Also write a title at the top center of panel 3, “The Electron Transport System.”

There are two important, energy-extracting processes that take place in the mitochondria.
The first is the citric acid cycle. It continues the breakdown of glucose that was started
during glycolysis. By the end of the citric acid cycle, the glucose has been completely
broken down. The second process is the electron transport system. It produces most of the
ATP that is extracted from glucose. Keeping track of the products and pathways gets
pretty intense, so take it slow and have patience.

With oxygen and mitochondria present, more energy can be extracted from the pyruvic
acids and the NADH produced during glycolysis. In the glycolysis panel you have
already drawn an arrow to represent the path of NADH.

 Now extend the NADH arrow in a straight line all the way through panel 2 and
just into panel 3.

Each NADH carries a high-energy electron that eventually “falls” to oxygen. This arrow
that you just drew will help keep track of the NADH produced and its pathway through
the mitochondria.

 Back on the first panel, extend the pyruvic acid arrow just barely into the second
panel.



Passing into the mitochondria, each three-carbon pyruvic acid is converted into a two-
carbon acetic acid. This produces a molecule of carbon dioxide and a molecule of NADH
for each acetic acid produced.

 Let’s show this process in your brochure by splitting the pyruvic acid arrow into
three branches just as it crosses into the second panel.

 For the top branch, draw an arrow that moves up the page to intercept the NADH
arrow. Label this arrow “2 NADH.”

 For the middle branch, just continue the original arrow a very short way (no more
than halfway across the panel) and label it “2 Acetic Acid.” Each acetic acid
molecule contains two carbons, so you might want to put the phrase “2 x 2C” in
parentheses after the acetic acid label.

 For the bottom branch, draw an arrow that points downward and label it: “2 CO2,
Waste.”

The citric acid cycle in the mitochondria will complete the breakdown of acetic acid.
Let’s draw that out.

 To represent the citric acid cycle in the second panel, draw a circle that is about
the size of a quarter directly to the right of the acetic acid label. Write “Citric
Acid Cycle” in the middle of this circle. Add a few arrow points to indicate a
clockwise path around the citric acid cycle.

 Extend the arrow from the acetic acid label so that it merges with the citric acid
cycle circle.

 The citric acid cycle breaks down each two-carbon acetic acid into two carbon
dioxides. Show this with an arrow leaving the circle near the bottom and label that
arrow “4 CO2.”

With the first two CO2s, this makes a total of six CO2s released. The citric acid cycle is
also able to extract energy to produce one ATP molecule per acetic acid.

 To show this, draw an arrow exiting near the bottom of the citric acid cycle and
label it “2 ATP.”

That certainly doesn’t seem like much energy…but wait, there’s more. For each acetic
acid, the citric acid cycle strips enough high-energy electrons to make three NADH and
one FADH2, another high-energy electron-carrier molecule.

 Show this on your chart by drawing an arrow from the top of the citric acid circle
that merges onto the NADH arrow that runs across the top of this panel. Label it
“6 NADH.” If you total up all of the NADH so far, you should come up with 10.

 Draw another arrow that starts out near the top of the citric acid circle and have it
parallel the NADH pathway just below it on the page. This arrow should just
make it into the third panel. Label this arrow as “2 FADH2.”

Whew, almost done…let’s take care of the bottom line on panel two.

 At the bottom of panel 2, draw a line and label it “The Bottom Line” just as you
did in panel 1. Below that line, write “2 net ATP” to indicate that two ATP are
produced in the citric acid cycle for every glucose molecule that started back on
panel one.

One last process to finish up—onto the third panel, the electron transport system.



If you total up the bottom line to this point, you’ll notice that each glucose molecule has
yielded only four ATP. However, our accounting also indicates a total of ten NADH and
two FADH2. The high energy electrons carried by these molecules are transferred to the
electron transport system where each electron can fall in a controlled manner to oxygen.
The electron transport system is actually a series of molecules embedded in the inner
mitochondrial membrane. Each of these molecules can pass a high-energy electron along
to the next molecule in the chain, like a bucket brigade. Each step along the chain extracts
a bit of energy from the electron until it finally lands and forms a bond with oxygen to
form water. As the electrons cascade down the electron transport chain, their energy is
used to pump protons across the mitochondrial membrane. Like water behind a dam that
is released through a turbine to produce electricity, the protons behind the membrane are
released through a molecular turbine called ATP synthase. It produces ATP molecules as
the turbine spins.

The electrons that fall from NADH release enough energy to produce three ATP each.
The electrons that fall from FADH2 release enough energy to produce two ATP each. The
vast majority of ATPs produced during cellular respiration are therefore produced by the
electron transport system. Let’s see if we can summarize this in your brochure.

You should have two arrows, arriving from the 2nd panel into the 3rd panel: the NADH
arrow with ten NADH and the FADH2 arrow with two FADH2. Let’s represent the
electron transport system with a line that looks like a staircase.

 Start your staircase at the tip of the NADH arrow. Draw five steps descending
down and to the right.

 Draw the FADH2 arrow to enter the steps just below the NADH arrow.
 On top of the steps, make some small curved arrows that travel down the steps

like a slinky toy to represent the falling electrons.
 At the bottom of the stairs write “O2.” Connect the last step to the oxygen.
 From the oxygen, draw an arrow downward and label it “H2O.”

I suggest that you add notes on panel 3 to indicate that each NADH produces three ATP
and each FADH2 produces two ATP. You may also want to come up with a way of
representing the pumping of protons and the working of ATP synthase.

 For now, add a line and a “Bottom Line” label to panel 3. The bottom line from the
electron transport system is 34 ATP, 30 from NADH and four from FADH2.

Whew….we’re done. Did you follow all that? Perhaps you should rewind and make sure
that you got everything correct. I’m sure that if you listen to this multiple times, you’ll be
able to add a little bit more detail each time.

The goal of these two MP3 sessions on cellular respiration was to help you develop a
graphic tool that organizes this complex process. It turns out that even the graphic tool is
complex. I hope, though, that you’ve been able to follow this. If you haven’t, you can go
to the publisher’s MP3 website and download a PDF file of a completed brochure. If you
have followed along, I know that this tool will help you build your understanding of
cellular respiration, particularly if you customize it. Good luck with the rest of your
studies, and I promise that cellular respiration is one of the most detailed and difficult
topics in biology, so don’t fret about it too much if it seemed hard!


