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Does Thyroid Hormone Level Affect Oxygen Consumption in
cells? Some animals, such as mammals and birds, maintain a rela-
tively constant body temperature, above that of their environment,
using heat produced as a by-product of metabolism. When the core
temperature of these animals drops below an internal set point,
their cells are triggered to reduce the efficiency of ATP produced by
the electron transport chains in mitochondria. At lower efficiency,
extra fuel must be consumed to produce the same number of ATPs,
generating additional heat. Because this response is moderated by
the endocrine system, researchers hypothesized that thyroid hor-
mone might trigger this cellular response. In this exercise, you will

use a bar graph to visualize data from an experiment that compared
the metabolic rate (by measuring oxygen consumption) in mitochon-

dria of cells from animals with different levels of thyroid hormone.

How the Experiment Was Done Liver cells were isolated from sib-

ling rats that had low, normal, or elevated thyroid hormone levels.
The oxygen consumption rate due to activity of the mitochondrial
electron transport chains of each type of cell was measured under
controlled conditions.

~ *afrom the Experiment
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Thyroid Hormone Level .~ (nmol O,/min~mg cells)
Low 4.3
Normal 4.8
Elevated 8.7

Interpret the Data

1. To visualize any differences in oxygen consumption between cell
types, it will be useful to graph the data in a bar graph. First,
you'll set up the axes. (a) What is the independent variable (inten-
tionally varied by the researchers), which goes on the x-axis? List
the categories along the x-axis; because they are discrete rather
than continuous, you can list them in any order. (b) What is the
dependent variable (measured by the researchers), which goes on
the y-axis? (c) What units (abbreviated) should go on the y-axis?
Label the y-axis, including the units specified in the data table.
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by-product rather than water. The rotten-egg odor you may
have smelled while walking through a salt marsh or a mudflat
signals the presence of sulfate-reducing bacteria.

Fermentation is a way of harvesting chemical energy without
using either oxygen or any electron transport chain—in other
words, without cellular respiration. How can food be oxidized
without cellular respiration? Remember, oxidation simply refers
to the loss of electrons to an electron acceptor, so it does not
need to involve oxygen. Glycolysis oxidizes glucose to two mol-
ecules of pyruvate, The oxidizing agent of glycolysis is NAD",
and neither oxygen nor any electron transfer chain is involved.
Overall, glycolysis is exergonic, and some of the energy made
available is used to produce 2 ATP (net) by substrate-level
PhOSPhOrylation. If oxygen is present, then additional ATP
Is made by oxidative phosphorylation when NADH passes
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Determine the range of values of the data that will need to go
on the y-axis. What is the largest value? Draw evenly spaced tick
marks and label them, starting with O at the bottom.

2. Graph the data for each sample. Match each x-value with its
y-value and place a mark on the graph at that coordinate, then
draw a bar from the x-axis up to the correct height for each
sample. Why is a bar graph more appropriate than a scatter plot
or line graph? (For additional information about graphs, see the
Scientific Skills Review in Appendix F and in the Study Area in
MasteringBiology.)

3. Examine your graph and look for a pattern in the data. (a) Which

cell type had the highest rate of oxygen consumption, and which

had the lowest? (b) Does this support the researchers’ hypoth-
esis? Explain. (c) Based on what you know about mitochondrial
electron transport and heat production, predict which rats had
the highest, and which had the lowest, body temperature.

Data from M. E. Harper and M. D. Brand, The quantitative contributions of
mitochondrial proton leak and ATP turnover reactions to the changed respiration
rates of hepatocytes from rats of different thyroid status, Journal of Biological
Chernistry 268:14850-14860 (1993).

@ A version of this Scientific Skills Exercise can be assigned in
MasteringBiology.

ety

LA

I T

R T T R

electrons removed from glucose to the electron transport chain,

But glycolysis generates 2 ATP whether oxygen is present or

not—that is, whether conditions are aerobic or anaerobic.
As an alternative to respiratory oxidation of organic nu-

trients, fermentation is an extension of glycolysis that allows

continuous generation of ATP by the substrate-level phosphor-
ylation of glycolysis. For this to occur, there must be a sufficient

supply of NAD" to accept electrons during the oxidation step
of glycolysis. Without sorme mechanism to recycle NAD" from
NADH, glycolysis would soon deplete the cell’s pool of NAD*

by reducing it all to NADH and would shut itself down for lack

of an oxidizing agent. Under aerobic conditions, NAD" is re-
cycled from NADH by the transfer of electrons to the electron

transport chain. An anaerobic alternative is to transfer electrons

from NADH to pyruvate, the end product of glycolysis.




