Key Questions |
Why is ATP useful to cells? |

What happens during the |
process of photosynthesis?

Vocabulary

odenosine triphosphate (ATP) e
heterotroph e autotroph e
photosynthesis

Taking Notes

Compare/Contrast Table  As
you read, create a table that
compares autotrophs and het-
erotrophs. Think about how they
obtain energy, and include a
few examples of each.

Vocabulary

. ACADEMIC WORDS The verb
obtain means “to get” or “to
gain.” Organisms must obtain
ene-gy in orcer fo carry out life
funciions.

Adenine Ribose

3 phosphate groups

Energy and Lite
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Chemical Energy and ATP

Why is ATP useful to cells?
y every activity in modern society

Energy is the ability to do work. Nearl :
depends upon energy. When a car runs out of fuel—more precisely, out

of the chemical energy in gasoline—it comes to a sputtering halt. Wit.hout
electrical energy, lights, appliances, and computers stop Workmg.. Living
things depend on energy, too. Sometimes the need for energy 1s easy to
see. It takes plenty of energy to play soccer or other sports. However,
there are times when that need is less obvious. Even when you are
sleeping, your cells are quietly busy using energy to build new mol-
ecules, contract muscles, and carry out active transport. Simply put,
without the ability to obtain and use energy, life would cease to exist.
Energy comes in many forms, including light, heat, and electricity.
Energy can be stored in chemical compounds, too. For example, when
you light a candle, the wax melts, soaks into the wick, and is burned. As
:Eet lislzj;i zller Ei;f;im;;al bbonc:is between carbon and hydrogen atoms
oxygen, producing Cé ae;Vd Iflmos(t}.le;)l fom.l b.etween these atoms and
new bonds are at a lowé o dIOXId? z.md water). These
r energy state than the original chemical bonds

in the wax. The en ; ;
el allacie ergy lost is released as heat and light in the glow of the

lms,on:z::ftt?;ifs use dchemical fuels as well. One of the most

rporiant tripi(;lsmhs that cells use to store and release energy is

eposine triph }l): : ate (uh DEN uh seen try FAHS fayt) abbreviated
N kigure 8-1, ATP consists of adenine,,a 5-carbon

sugar cq ribos
ugar called ribose, and three phosphate groups. As you'll see
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those pho
j phosphate groups are the key to ATP’s ability to store and

release energy.
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Storing Energy Adenosine diphosphate (ADP) is a com- , :
pound that looks almost like ATP, except that it has two ATP AS A CHARGED BATTERY

phosphate groups instead of three. This difference is the key S URE 8-2 When o phosphate group ’

to the way in which living things store energy. When a cell odded to an ADP molecule, ATP is produced.
< onergy available, it can store small amounts of it by add- “ontains some energy, but not as much

i T ADF | )Y, ioll

ing phosphn(c groups to ADP molecules, producing Al P As as ATP. In this way, ADP is like a partially

: \ charged battery that can be fully charged by

seen in Figure 8-2, ADP is like a rechargeable battery that charge o hosphate group.

powers the machinery of the cell. e anulogies Explain the di ‘ ’3"‘"3’!’

i . " between the beams of light produced by
Releasing Energy Cells can release the energy stored e ”Z‘:Z”gh' ”poweredgby ADP and the
in ATP by the controlled breaking of the chemical bonds flashlight "powered” by ATP.

between the second and third phosphate groups. Because

a cell can add or subtract these phosphate groups, it has

an efficient way of storing and releasing energy as needed.
(=3 ATP can easily release and store energy by breaking
and re-forming the bonds between its phosphate groups.
This characteristic of ATP makes it exceptionally useful as
a basic energy source for all cells.

Using Biochemical Energy One way cells use the energy
provided by ATP is to carry out active transport. Many cell
membranes contain sodium-potassium pumps, membrane
proteins that pump sodium ions (Na*) out of the cell and
potassium ions (K*) into it. ATP provides the energy that
keeps this pump working, maintaining a carefully regulated
balance of ions on both sides of the cell membrane.

In addition, ATP powers movement, providing the energy
for motor proteins that contract muscle and power the
wavelike movement of cilia and flagella.

Energy from ATP powers other important events in the
cell, including the synthesis of proteins and responses to
chemical signals at the cell surface. The energy from ATP
can even be used to produce light. In fact, the blink of a
firefly on a summer night comes from an enzyme that is
powered by ATP!

ATP is such a useful source of energy that you might
think cells would be packed with ATP to get them through
the day—but this is not the case. In fact, most cells have
only a small amount of ATP—enough to last for a few sec-
onds of activity. Why? Even though ATP is a great molecule
for transferring energy, it is not a good one for storing large
amounts of energy over the long term. A single molecule of
the sugar glucose, for example, stores more than 90 times
the energy required to add a phosphate group to ADP to
produce ATP. Therefore, it is more efficient for cells to
keep only a small supply of ATP on hand. Instead, cells can
regenerate ATP from ADP as needed by using the energy in
foods like glucose. As you will see, that’s exactly what they do.
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i In Your tiotebook With respect fo energy, how are ATP
> .92§*9’uc<>;> > similaré How are they different?
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MYSTERY
CLUE
Like oll plants, the
willow tree van
Helmont planted
was an autotroph.
What might its ability
to harness the sun’s
energy and store it in

food have to do with the

tree’s gain in mass?

FIGURE 8-3 Autotrophs and
Heterotrophs Grass, an autotroph,
uses energy from the sun to produce
food. Cheetahs, in turn, get their
energy by eating other organisms
that eat the grass.
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What happens during ¢ ATP—they must somehow
Cells are not “bhorn” with a supply © get the energy they use to
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the cheetah in Figure 8-3, obtain food

eding on plant-eating animals.

produce
compounds that
consuming othe
heterotrophs get the
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com plants indirectly by fe =
gt(illl] o‘ther hetemtr()phs—-mushrooms, forde)é?,:;gtsing
obtain food by absorbing nutrients from deé =
wanisms in the environment. \{ "
OlgOriginally, however, the energy in nearly all (ijOd o
molecules comes from the sun. Plants, algae, and SOmMe ‘ \ s
bacteria are able to use light energy from the sun to FAN-LE
produce food. Organisms that make their own food
are called autotrophs. Ultimately, nearly all life on Pyl
Earth, including ourselves, depends on the ability of A
autotrophs to capture the energy of sunlight and store 3F 0ol
it in the molecules that make up food. The process by ' ?.'; .
which autotrophs use the energy of sunlight to produce L i .
high-energy carbohydrates—sugars and starches— ’ T :’ '

that can be used as food is known as photosynthesis. o
Photosynthesis comes from the Greek words photo, meaning R
“light,” and synthesis, meaning “putting together.” Therefore,
photosynthesis means “using light to put something together”

In the process of photosynthesis, plants convert the energy
of sunlight into chemical energy stored in the bonds of carbohydrates.
In the rest of this chapter, you will learn how this process works.
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Review Key Concepts

1. a. Review What is ATP and what is its role in the cel]?

b. Explain How does the structure of ATP make it an ideal
source of energy for the cell?

c. Use Analogies Explain how ADP and ATP
hi L w are each li
battery. Which one is “partially charged” and which hk.e a
“fully charged?” Why? one is
2. a. Review What is the ultimate source of energy for plantg?
b. Explain How do heterotrophs ohtain energy? H P.: n s‘.
different from how autotrophs obtain energy? ¢ How is this

c. Infer Why are decomposers, such ag
as mushrooms, conei
» considered

heterotrophs and not autotrophs?
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Interdependence in Nature

3. Recall that energy flows—
and that nutrients cycle—
through the biosphere.
How does the process of
Photosynthesis impact
both the flow of energy
and the cycling of nutri-
ents? You may wish to refer
to Chapter 3 to help you
answer this question.



