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8.1 Cells Divide, and Cells Die

So wrote noted geneticist Herman J. Maller in 1947, referring to the astonishing precision with which each of a human’s tillion of cell retains the geneti information that was
present in the fertilized egg. Every cell i the body results from countless rounds of cell division, cach time forming two genetically identical cells from one. cell theory, p. 50

‘The development of a multicellular organism, however, requires more than just cell division. Cells also die in predictable ways, carving distinctive structures. In an animal’s body,
apoptosis (from the Greek word for “faling off”)is cell death that is a normal part of development. Like cell division, it is 2 precise, tightly regulated sequence of events (see section
8.5). Apoptosis is therefore also called “programmed cell death.”

‘Throughout an animal’s life, cell division and cell death are in balance, so tissue neither overgrows nor shrinks (figure 8.1). During early development, both cell ivision and apoptosis
shape new structures. A foot starts out as a webbed triangle of tssue, o example, from which toes form as cells between the digits di. Likewise, cellsin the ail of a tadpole die as the
young frog develops into an adult. Cell division also compensates for the death of skin and blood cells, a litle like adding new snow (cell division) to a snowman that is melting

(apoptosis). Both cell division and apoptosis also help protect the organism. For example, cells divide to heal a scraped knee; kin cells that might
otherwise become cancerous.
‘This chapter explores the opposing but coordinated forces of cell division and cell iders the cither process gone awry.
FIGURE 8.1: Cell Division and Apoptosis Regulate Development.
Mitotic cell division Apoptosis (cell death)
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Read: If your e-textbook has text that is zoom capable, Larger and Smaller text buttons will appear
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€ CHAPTER 5: Sexual Reproduction and Meiosis. ER)
Q "mitotic cell” . . .
chapter 8 includes interphase, mitosis, Duing interphas, he el grows, eyesizes molcules cais out s
5 Corers IORTTNE-T. e functions, and replicates its DNA (see chapter 7). During mitosis and cytokinesis, the nucl into two. I copies by replicating a
2 < Honllg! cell’s DNA once and then dividing once.
Tite Page #
B Silogy: Concepts and Investgations Meiosis is closely to mitosis. oceurs just and the names of 10 those in mitosis. O that meiosis
5 13. CHAPTER & The Cel Cycle 154 | includes two division, notjust ne (igure 9.5, The frst division s melosis 1, and i reducesthe by hal: i humans,from 4610 23 The second division,
n meiosis I, produces four haploid nuclei from the two formed in meiosis 1. The other maj neiosis I shuffles (see section 9.4),seting the stage for
[ FIGURE 8.: Cell Division and Apoptsis 156 i halod naclens & : .
Mitotic cel division Apoptosis (cell each haploid nucleus to receive a unique mixture of genes.
death) st :
. A. In Meiosis I, Homologous Chromosomes Separate
71 an infant. child, and adutt—thanks to 158
mitotic cell diviion. As development . Before embarking on a tour of meiosis,  uick look at 2 human cells is in order. Ofthe 1, 22 pairs are not
[ -of this chapter describes the events of 159 determine whethe an ndividual s male o femal. The ther chromesome ai, th s chromesemes,carie gencs that deteine an ndivduals sx. A person with two X
mitotic celldivision. chromosomes is female, whereas 2 male has one X and one Y chromosome.
IGURE 8.7: Steps o Mitoss. 162 . .
™ aiotlc cell diion inclades similar fa homologous pair of look alike and carry genes forthesame trai. (The word homiologous means “having th same basic
stages in all eukaryotes, including structure.”) Chromosome 21, for example, is among the smallest chromosomes. It includes 367 genes, always i one
of chromosomes n a cellbefore 168 21 from their father and a different version from their mother; the same istrue for the other autosomes
mitotic cell division s the same 3s in
pairs, Xand Y  other. X s much larger than Y, and the genes are completely different. Nevertheless, in males, the sex
174
7
s et For meiosis to work, a must then 23. As you hall se, tisfeat is posible
meioss s similar to nterphase i the w0 becauseofthe 1t ofthe cells is 1. Before the first ot divison, every
" mitotic cell cycle. The cell grows. chromosome 1 with chmmosomc 1, X chromosome with Y, and so forth. (Mules are sterile because their germ cells cannot complete this stage, as. dcsmhm in m.s chapter’s Burning
71 .then produces sperm or egg cells by 189 Question: If mul ar P ’) The homols is 1, then meiosis I partit ‘haploid
mitotic celldivision.
" - generation produces gametes by 189 FIGURE 9.5: Summary of Meiosis.
‘mitotic cell division. =Y
[ The gametophyte produces gametes by 192
mitotic cell dvision.
¥ (5] ) 19 - CHAPTER 14: Speciation and 286 ,
[0} ~chromosome number does not prevent 2
mitotic cel division, so the animal can
[ switch" that iters the timing of .
mitotic cell division could have ‘ ) Haploid
) 22 esuts found or“mitotic cl” _\ A
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Page & 5.1 Life Depends on Photosynthesis

Biology: Concepts and
Investigations

Marislle Hoefnagels

Itis spring. A seed germinates, its tender roots and pale yellow stem extending rapidly in a race against time. For now, the seedling’s sole energy source is food stored along with the
embryonic plant in the sced itself. If its shoot does not reach light before its reserves run out, the seedling wil die. But if it makes it, the shoot will quickly turn green and unfurl leaves

v (] Front Matter ii : oot doc h i f, the se
that spread and catch the light. The scedling begins to feed itself, and an independent new life begins.

=] 1 - About the Author i

=] 2- Dedication W Self-feeding organisms underlic every ccosystem on Earth. It is not surprising, therefore, that if asked to designate the most important metabolic pathway, most biologists would not
» [] 3~ Praface: Thinking for Life v hesitate to cite photosynthesis: the process by which plants, algae, and some microorganisms harness solar energy and convert it into chemical energy (figure 5.1). With the exception
/=) 4- A Student's Guide to Using This T... i of deep-ocean hydrothermal vent communities, alllife on this planet ultimately depends on photosynthesis.
> [ 5 - Acknowiedgments *!' Earth without photosynthesis would not long be a living world. If a disaster such as a nuclear holocaust, eruption of a huge volcano, or a massive meteor impact were to blacken the
v (L] UNIT 1: The Celluar Basis of Life 1

sky, light reaching Earth’s surface would have about a tenth of its normal intensity. Plants would die as they depleted their energy reserves faster than they could manufacture more

» [) 8- CHAPTER 1: The Sclentific Study... 2. food. Animals that normally ate these producers would go hungry, as would the animals that ate them. A year or even two might pass before enough life-giving light could penetrate the
> [] 7 - CHAPTER 2: The Chemistry of Life 20 hazy atmosphere, but by then, it would be too late. The lethal chain reaction that began with the cessation of photosynthesis would already be well into motion, destroying food webs at
» [=] 8 - CHAPTER 3: Cells 48 i
their bases.
> 9 - CHAPTER 4: The Energy of Life 78 o
101 — -

v [2] 10 - CHAPTER 5: Photosynthesis 100 A. Photosynthesis Builds Glucose out of Carbon Dioxide and Water

[@ 10.1 - What's the Point? - AUDIO 101 — . . " . - pa— .-

o2t v g oo o Most plants are easy to grow (compared with animals, anyway) because their needs are simple. Give a plant the right amount of water, essential elements in soil, carbon dioxide, and

light, and it will produce food and oxygen not only for itself but also for  host of consumers. How can they do so much with such simple raw materials?

LEARNING OUTLINE 101
- 5.1 Life Depends on Phoo... 102 In photosynthesis, specialized pigment molecules in plant cells capture energy from the sun. Enzymes in those cells then use the energy to build the carbohydrate glucose (CgH120¢)
- 5.2 Sunlight Is the Energy. 104 from carbon dioxide (CO,) molecules. The plant uses water in the process and releases oxygen gas (O,) as a byproduct. The reactions of photosynthesis can be summarized as
- 5.3 The Light Reactions Be. 107 follows:
- 5.4 The Carbon Reactions. 10 [—
- 55 The C4 and CAM Path 111 6CO, +6H,0 — 3= C,H,0, +60,
» [ 109+ 5.6 INVESTIGATING LIFE: T. 14
» 03 10.10 - CHAPTER SUMMARY e Photosynthesis is an oxidation-reduction (redox) process. As you will see in sections 5.3 and 5.4, electrons stripped from water reduce CO,. Because oxygen atoms attract electrons
7 10.11 - MULTIPLE GHOIGE QUES. s more strongly than do carbon atoms (as explained in chapter 2), oxygen is highly electronegative. Moving electrons from water to CO, therefore requires energy input. The energy
7 10.12 - TESTING YOUR KNOWLEDGE 115 source for this endergonic reaction s, of course, sunlight. redox reactions, p. 84
@ Sschapters R ) A variety of fates awaits the glucose produced in photosynthesis. A plant’s cells use about half of the glucose as fuel for their own cellular respiration (the subject of chaper 6),
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