The Working Cell

You can read these words because enzymes and membranes enable your cells to use en-
ergy. The light energy that bounces off the page enters your eyes and stimulates pigments
held in special cell membranes. Enzymes make these pigments and convert them to a form
that can absorb light. The eye cells can fransmit signals through nerve cells to the brain be-
cause the membranes of these cells can selectively absorb and pump out charged particles.
The energy for moving these particles comes from processes that make ATP. These processes
take place through the action of enzymes on and between cell membranes, Every biological
activity—not just reading, but walking, laughing, and thinking—depends on energy pro-
duced by processes that involve enzymes and membranes. Energy, enzymes, and mem-
branes are the subjects discussed in this chapter.

Organizing Your Knowledge

Exercise 1 (Modules 5.1 - 5.5)

Q See some chemical reactions and how enzymes can speed them up by looking at Activities 5A
5A-B and 5B on the Interactive Study Partner CD-ROM.

After reading Modules 5.1 - 5.5, review energy, chemical reactions, and the function of en-
zymes by filling in the blanks in the following story.

If you were to stop eating, you would probably starve to death in weeks or
months. If you were unable to breathe, you would die in minuies. Organisms need the en-
ergy that is released when food and oxygen combine. This energy is used not only to move
the body but also to keep it from falling apart.

Energy is the ability to perform I__{A/ . . The sun is the source of the
energy that sustains living things. Sunlight is pure 2 ot energy, energy of
movement that is actually doing work. In the process of photosynthesis, plants are able to
use the energy of sunhght to produce food molecules. This process obeys the laws of
3 {bsrvind v o, the principles that govern energy transformations. Plants do not
make the e:nergy in food Accordmg tothet 1 ..o} law of thermodynamics,
energy canbe 5 "t o or transferred, but it cannot be created or destroyed. In
photosynthesis, no energy is created. Rather the plant transforms the energy of sunlight

into stored energy, called &_+ Jéf vibigod energy, stored in molecules of glucose.

No energy change is 100% efficient, and the changes that occur in photosynthesis are
no exceptlon to this rule Some of the energy of sunlight is not stored in glucose, but rather is

converted to7__L.os 4 , which is random molecular motion. The 8_ 5z = v ¢
law of thermodytnarmcs says that energy changes are always accompanied by an increase in
S Cyiheing , ameasure of disorder. One of the reasons living things need a constant

supply of energy is to counter this natural tendency toward dlsorder
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The Working Cell

The products of photosynthesis contain 10 V5. otential ener
P P Y1 pot gy

than the reactants. This means that, overall, photosynthesis is an 11 i %o 4oy 4L
reaction. Such a reaction consumes energy, which in photosynthesis is supplied by the
sun.

Photosynthesis produces food molecules, such as glucose, which store energy. An
animal might obtain this food by eating a plant or an animal that has eaten a plant. The food
molecules enter the animal’s cells, where their potential energy is released in the process of
cellular respiration. The products of this chemical reaction (actually a series of reactions)
contain less potential energy than the reactants. Therefore, cellular respiration is an
20y dovice  process; it 13 oo (o sy energy. In fact, this is the same overall
change that occurs when glucose in a piece of wood or paper burns in air. When paper
burns, the energy escapes as the heat and light of the flames. In a cell, the reaction occurs in
a more controlled way, and some of the energy is captured for use by the cell.

Energy released by the exergonic “burning” of glucose in cellular respiration is
used to make a substance called 14 /7 i’ -Amolecule of 15 __ 4 /3
anda 16 i, o by e group are joined to form each molecule of ATP. This is an end-
ergonic reaction, because it takes energy to assemble ATP. The covalent bond connecting
- the phosphate group to the rest of the ATP molecule is unstable and easily broken, This
arrangement of atoms stores ¥7_-/c e i by o | energy. The 18 {; , drg iy & Sof ATP is an
exergonic reaction. When ATP undergoes hydrolysis,a 19__ Dby £ b e
is removed, ATP becomes 20 __ 4 /3 - and energy is released. Thus, ATP is a
kind of energy “currency” that can be used to perform cellular2L_ /) ns b. . Most
cellular activities depend on ATP energizing other molecules by transferring its phosphate
group to them—a process called 22 lA bi pfbini fee bon « It should be noted that energy is
not destroyed when ATP is used to do work, When an ATP molecule is hydrolyzed to make
muscles move, some of its energy moves the body, and some ends up as random molecular

motion, or23__L., . ¢

A less obvious but important function of ATP is supplying the energy for fighting
the natural tendency for a system to become disordered. A cell constantly needs to manufac-
ture molecules to replace ones that are used up or damaged. Building a large molecule from
smaller partsisan 4, (! . ¢ na i reaction. Energy released by the exergonic hydro-
lysis of ATP is used to drive essential endergonic reactions. The linking of exergonic and
endergonic processes is called energy?® (niviie wi, and ATP is the critical connec-
tion between the processes that release energy and those that consume it.

What prevents a molecule of ATP from breaking down until its energy is needed?
Molecules can break down spontaneously; that is why ATP energy is needed to repair them.
Fortunately for living things, it takes some additional energy, called energy of 26

to get a chemical reaction started. This creates an energy % ' that pre-
vents molecules from breaking down spontaneously. Energy barriers exist for both exer-
gonic and endergonic reactions, Most of the time, most molecules in a cell lack the extra
energy needed to clear the barrier, so chemical reactions occur slowly, if at all.

So what enables the vital reactions of metabolism to occur when and where they are
needed, at a rate sufficient to sustain life? This is where enzymes come in. An enzyme is a

special 28 molecule that acts as a biological 22 It
30 the rate of a chemical reaction without being 31 by it.
An enzyme holds reactants in such a way as to 32 the energy barrier

that prevents them from reacting. Even though reactants would not normally possess the
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How Cells Harvest Chemical Energy 6

You need fo eat and breathe pecause your cells need food and oxygen for energy. In every
cell in your body, organic molecules and oxygen interact ina complex process called cel-
lular respiration. In this process, food molecules such as glucose are proken down and the
energy contained in their chemical bonds is used to make ATP. The ATP made in cellular
respiration is then used to drive cellular activities. Right now, ATP produced in celtular
respiration is being used to generate the nerve impulses from your €yes to your brain, t0
move your muscles, and to drive your heartbeat. This chapter explains how your cells

harvest the energy that keeps you alive.

Organizing Yout Knowledge

Exercise 1 - (I_ntro'du_ctin - Module 6.3)

Review the basic terms and concepts of cellular respiration by filling in the blanks below.

Right now, you are breathing at a steady rate of 121020 breaths per minute.
Breathing, or 1_i & it !¢ s i is necessary for life, but why? Breathing allows the
body to take in 2y ieg gas and expel waste B e i A

. Your

breathing is closely related to%i sl de Lo T ' the aerobic harvest of the energy in
food molecules by cells. Your cells take in Syvg o et and®_ Uil fiify
from the blood. These two substances interact, the sugar is broken apatt, and 72000
and8__ il:0 are produced. In the process, some of the energy is stored in
molecules of 9___7l " " which provide the energy for body activities. To
make enough ATP for their needs, average human bejngs must take in food that provides
about0_ 2 SO Lilocalories (kcal) of energy per day. -

You require an ™t_ii{¢! A (oxygen-containing) environment to make

enough ATP to supply your body’s needs. During most day-to-day activities, including
12 Y f Ly ‘ﬁ- i

exercise, the blood can deliver O, to the muscles as fast as they

consume it. But if you exercise vigorously, muscle cells use up their oxygen and become

N 11 . gt
13 7 o de S o . They can continue to produce some ATP under these conditions

for a while, but much less efficiently. The cells also produce _ a
toxic waste product, which makes muscles 13 (L1 % and 16 bee tin gl
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Some Organisms, such as the 17 i fany described in the introduction:

to this chapter, can live in both aerobic and anaerobic environments. When first added to
bread dough or a wine vat, yeast cells are nan18_jfel environment. They © "

i

consume 19t es and20___ o .The?_ ({1

they produce thuses the dough to rise. Ina sealed wine vat, OXygen is quickly used up,
and the yeasts then must live under 2 {aw Sl conditions. They still con-
gume®_ ot iin __,butunder anaerobic conditions they produce 24 putloan i

and 2 L0 as waste products.




