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The Working Cell

8 law of thermodynamics says that energy changes are always accompanied
by an increase in ? , a measure of disorder. One of the reasons living

things need a constant supply of energy is to counter this natural tendency toward disorder.

The products of photosynthesis contain 10 potential energy
than the reactants. This means that, overall, photosynthesis is an 11
reaction. Such a reaction consumes energy, which in photosynthesis is supplied by the

SUIn.

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
12 process; it 1° 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
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B amore 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 . A molecule of 12
3C0 - andal - 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
of

arrangement of atoms stores 7 energy. The 18
ATP is an exergonic reaction. When ATP undergoes hydrolysis, a 17
is removed, ATP becomes 2¢ , and energy is released. Thus, ATP is a
B . kind of energy “currency” that can be used to perform cellular 21 . Most
cellular activities depend on ATP energizing other molecules by transferring its phosphate
B proup to them—a process called %2 . It should be noted that energy is
‘ot destroyed when ATP is used to do work. When an ATP molecule is hydrolyzed to make
B niuscles move, some of its energy moves the body, and some ends up as random molecular
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g _motion, or 23
i A less obvious but important function of ATP is supplying the energy for fighting

1 ’ih(- natural tendency for a system to become disordered. A cell constantly needs to manufac-
j}-_-j?’tuw molecules to replace ones that are used up or damaged. Building a large molecule from
bm.nl ler parts is an 24 reaction. Energy released by the exergonic hydro-

; Lthi'% of ATP is used to drive essential endergomc reactions. The linking of exergonic and
, and ATP is the critical connec-

i ?ndv-rgomc processes is called energy 2
o £ Hun 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?

H; lecules can break down spontaneously; that is why ATP energy is needed to repair them.
Fortun wtely for living things, it takes some additional energy, called energy of %0 ,
| i el o chemical reaction started. This creates an energy that pre-
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46 Chapter 5

special 28 molecule that acts as a biological 29 It
30 the rate of a chemical reaction without being 31 by it.
An enzyme holds reactants in such 5 way as to 32 the energy barrier

Web/CD Activity 5A Energy Transformations
Web/CD Activity 5B Chemical Reactions and ATP
Web/CD Activity 5C  The Structure of ATP

1. Kinetic €nergy and potentia] energy

2. Exergonic reactions and endergonic reactions

3. Reactants and products

4. ATP and ADP

5. A reaction without an €nzyme and a reaction with an enzyme

6. Photosynthesis and cellular respiration

7. First and second laws of thermodynamics
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Exercise 3 ([Modules 5.6 - 5.9)

Web/CD Activity 50 How Fnzymes Work

Review enzyme action by completing the activities below.

1. Complete the diagram below so that it shows the cycle of enzyme activity. Imagine that the reaction car-
ried out by this enzyme is splitting a substrate molecule into two parts. Color the diagram as suggested,

and label the items in boldface type. Color the enzyme purple. Sketch the substrate as a dark pink ":l]
shape. Sketch the products, and color them light pink. Also label the active site.

......

-(:.' .......
. .

2, Make a sketch showing how heat or change in pH might change the above enzyme and alter its ability
B (o catalyze its chemical reaction. Color and label the enzyme, its active site, and its substrate, as above.

tn the left side of the space below, make a sketch showing how a competitive inhibitor might interfere
. wilhactivity of the enzyme. Label the competitive inhibitor, and color it orange. On the right side,

B ke o sketch showing how a noncompetitive inhibitor might interfere with activity of the enzyme.
= Labed the noncompetitive inhibitor, and color it red.

.....
,,,,,,,,,,
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48 Chapter 5

Web/CD Activity 5E Membrane Structure
Web/CD Activity 5F Signal Transduction
Web/CD Activi ty 5G  Selective Permeability of Mem branes

membrane, color pPhospholipids gray, protein molecules purple, carbohydrate LD, tags on
glycoprotein and glycolipid molecuies sreen, and cholesterol molecules yellow. Also
show the functions of certain proteing by labeling them enzyme, receptor protein, and
transport protein. |

Web/CD Activity 5H  Diffusion

Web/CD Activity 51 Osmosis and Water Balance in Cells
Web/CD Activity 5 Facilitated Diffusion

Web/CD Activity 5K Active Transport

Web/CD Activity 51 Exocytosis and Endocytosis
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The Working Cell
A. Diffusion L. Diffusion across a biological membrane
B. Active transport - 2. Moves solutes against concentration gradient
C. Osmosis . 3. Any spread of molecules from area of higher concentra-
D. Phagocytoms tion to area of lower concentration
E. Passive transport 4. Diffusion with help of transport protein
F. Facilitated diffusion :
, _ 5. Three types of endocytosis
G. Pinocytosis . Ly .
. 6. Engulfing of fluid in membrane vesicles
H. Receptor-mediated 7. Diffusion of lectivel .
endocytosis . Littusion of water across selective ‘ypermnea le mem-
I. Exocytosis brane, from hypotonic to hypertonic solution
8. Transport molecules need ATP to function
9. Enables cell to engulf bulk quantities of specific large

molecules
10. How oxygen and carbon dioxide enter and leave cells
11. "Two types of passive transport
12. Engulfing of particle in membrane vesicle
13. Fusion of membrane-bound vesicle with membrane, and
dumping of contents outside cell
14. How a cell might capture a bacterium

Exercise 6 (Modules 5.15 - 5.16)

Web/CD Activity 51 Osmosis and Water Balance in Cells

i . Osmosis is an important process that has many effects on living things. Test your under-

standing of osmosis by predicting in each of the following cases whether water will enter

'35"'?'\ .- the cell (In) or leave the cell (Qut), or whether there will be no net movement of water

(None). Assume that the plasma membrane is permeable to water but not solutes.

1. Cell is exposed to hypertonic solution.

2. Cell is placed in salt solution whose concentration is greater than cell contents.

3. Due to disease, solute concentration of body fluid outside cell is less than solute
concentration of cells.

4. Cell is in isotonic solution.

[ -

. less than concentration of solutes in cytoplasm, but whose combined concentration is greater
than concentration of solutes in cytoplasm.
7. Solute concentration of cell is greater than solute concentration of surrounding fluid.
8. Cell is exposed to hypotonic solution.
i 3. Concentration of solutes in cytoplasm is equal to solute concentration of extracellular fluid.
.. 10. Cytoplasm more dilute than surrounding solution.
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Web/CD Activity 5H Diffusion

Web/CD Acti Vity 51 Osmosis and Water Balance in Cells
Web/CD Acti Vity 5)  Facilitated Diffusion

Web/CD Activity 5K Active Transport

Web/CD Activity 5

Exocytosis and Endocytosis
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The Working Cell a1

equal; the solutions must be 15 . You signal the control team to inject a

small amount of concentrated salt solution into the blood, making the blood slightly

16 relative to the cell contents. This causes water to flow _
17 the cell, until the two solutions are again in equilibrium. This dif-

fusion of water through a 18 permeable membrane is called |
19 |

Some sugar molecules floating in the blood are simply too large to pass easily
through gaps in the membrane like the much smaller water molecules can, The sugar
molecules simply bounce off, unless they happen to pass through pores in special

<0 proteins. This is a type of passive transport, because the molecules
move down a concentration gradient without the expenditure of 21
Because transport proteins help out, it is called 2 diffusion.

Your chemscanner detects a high concentration of potassium ions inside the cell.
Transport proteins here and there in the membrane are able to move potassium into the

cell against the concentration gradient. This must be 23 transport;
the cell expends 24 to provide energy to “pump” the potassium into
the cell.

Suddenly there is a tug at your foot. You look down to see your flipper engulfed
by a rippling membrane. A white blood cell the size of a building quickly pins you
against the vessel wall. The phospholipids of its membrane are pressed against your face
mask. The cell is engulfing you, protecting the body from a foreign invader! Taking in a

~ substance in this way is called 2 , more specifically 26 ,
it the substance is a solid particle. Suddenly the pressure diminishes, and you are inside
the white blood cell, floating free in a membrane-enclosed bag, or ¢/
i+ Another sac is approaching; it is a 28 ___, tull of digestive enzymes. You
.manage to get your legs outside of the vacuole and move it back toward the inner surface
+ of the cell membrane. As the vacuole fuses with the membrane, you tear your feet free

£ and swim away from the voracious cell, realizing that 2° expelied

£ you almost as fast as endocytosis trapped you!
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St You swim to the exit point, and the control team removes you by syringe. This is

2

& quite enough adventure for one day.
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