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Nutrient Cycles
G Whotis h imporknceofthe main ntint cyces?
The chemica sobstaces tht an orgnism et o s e e
clld mulrients, G2 very rganios ncds utiets o bl s
ndcaryout i fanrlon, ik e, utientspas through
organirmsandthe evironment through loochenicl cyces. The
e patieays, or eyl tht move arbon,nitrogen,and phospho-
i through h blasphes ar specily st o .

ther e, oxygen,parcpates i parts of e carbon, -
e and phasphoras e by sombining with hse et nd
clngwith the throghpats of i ovmeys. Oy g n the
Smosphés i elesed by one of th mosk ot o al logicat
St photsyiess. Oygen s s nrspiraton by all -
s forms o e and many singe.selld organsns  wel.

The Carbon Cycle Carbon s majorcomponen ofall rganc com-
pounds, indding carboydrtey i, prtens,and s i,
in fact. carbon s sach ey ingredient ot Iing s nd ccomtems
e on arh i ofen descibed s “carbon-bsed - Carbonin
e form of lcom carbonate (A0, s mporiantcomponent of
many diflent inds ofanimal skeetons and b found i everal
Kinds of rocks. Carbon and xygen form carbon dioxie s (CO,).
which i n important component of the amosphere and s disaved

Some caban-containing compoundsthatwere oncepart of ancent
forests v been brid and ranformed b clagcal process il
o Th bodiesofmarine rganams containin crbon ha been
ranstormed nt il or matural g sl o, sl g fen
relerrd 3 sl s because they are sl “fossizcd” arbon.
Majoreservors of carbon i the biosphee incude the amosphere,
oceans,rocks, sl s, ad forest.

gure 3-17 shows how carban movesthroughthe biosphere,

on dioide s contnuously exchangedbetween the aimosphere and
occan hrough chemical and physical process Plnis ke n crban
ionide during photosynthesis and s the carbon o build carbohy-
rte. Carbydrates thn pss through o webs o onsiers.
Many animals—bot o land and inth ss—combine carbon ith
clcumsand oxygen a theaninalsbuld skeletons o calium arbon-
. Organims relese carbon i the o of carbo diovide s by
spiration,Als,whe organisms die,decomposersbcak down the
odies,eleasin carbon 10 theenironment. Geologic e cantrn
accumalied carbonntocarbon-contiing rocks o s s, Carbon
ioade i elewed ot stmosphere by volcanic civity o by uman
Scvtis,such 3 he baringo o s nd thecesring nd burning
Sriore.
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Scentists know a grcat deal sbost the bioogical,ologcal, chei-
land humsan procesesthat ar nsoled inthe carbon eyl but
importan questons emain.How mich carbon moves through cach
patiea? How do econstems respond tochangesin atmospheric car-
an dioside concentration’ Hove mach carbon desid can the ocean
absorb Lt n thisunit, you il lem why answers 0 thse guestons
resaimporian,

In Your Notebaok Deccriba ane bioogical, ons gelogical,are
chamica, ond ove human aciity ot s mabed n e corbon eyl

Goclogical ey
relares O,

o, dusdesin |
cckims and raarns
et omesphere.

Geclogicel acvly
e o rock.

FIGURE 3-17 The Carbon Cycl
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THINK ABOUT IT i the early 18005, many chemists called the
compounds created by organisms “organic.” believing they were fun-
damentally different from compounds in nonliving things. Today we
understand that the principles governing the chemistry of living and
nonliving things are the same, but the term “organic chemisiry” s scll
around. Today, organic chemistry means the study of compounds that
contain bonds between carbon atoms, while inorganic chemistry is the
study of all other compounds.

The Chemistry of Carbon

What elements does carbon bond with to make up life’s
molecules?

Why s carbon so intresting tht a hole ranch of cherisry

should bese aside just tostudy carbon compounds? There re two
veasons for ths. Fist carbon atoms have four valence lectons,llowing
them o form strong covalent bonds with many other clmens,
Carbon can bond with many clements, including hydrogen,
axygen, phosphorus,sulfur, and itrogen to form the molecules o
Jife Living organisms arc made up of molecules that consst o carbon
and thes other lements,

Even more important, ane carbon stom can bond to anaher,
‘which gives carbon theabiliy to form chains tht are almost unlrn-
it i length. These carbon-carbon bonds ca be sngl,dovble, or
triple covalent bonds. Chainsof carbon atoms can even cose p on
themselvs o form rings,a shown i Figure 2-12. Carbon has he
abilty o form millions of difernt e and comple structures, No
other clment ven comesclose to matching crbon' verstily.

FIGURE 2-12 Carbon Sructures Corbon can fon singe,
double, o ipe bonds wih fher carbon cloms. Each fne

etween atoms n o molcular drawing repreents e

covolent bond. Observing How many covalentbonds are

fhere between the wo carbon atoms in oceylne? H

I 1E

Key Questions

C2 Whot elements does carbon
bond with o make up ifes
molecuies?

What are the functions

of each of the four groups of
macromolecvles?

Vocabulary
monomer » polymer +
corbaycia
monosaccharide «
ipid + nuceic acid +
nicleoids = protein
amino ocd

Toking Notes
Compore/Contrst Table s you
read, moke a fobl tat compres
and contrst he four groups of
organic compounds,

S (75 80 levonOvrvew o losen s s
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Macromolecules

3 What re th functions of each ofthe four grovps
of mocromoleculs?

Many ofthe organic ompounds i iving cells ar s arge
it thy are known as macromolcule, which means-giant
maleculs” Macromolecles are made from thovsandsor
even hundreds of housands f smller malecues.

Most macromaleculesar farmed by  process ke
a5 polymerzation (pa i mar i 2 shu).in which age
compounds are builc by fining smaller onestgether The
smallr s or momomersfoi tgelher o form polymess.
The manomers i a polymer my be dentical ke the ks
on'a metal watch bands r the monomers may be difren,
ik the beads in 3 mulicolored necklce.Figare 2-13 -
trsesth proces of polymerization.

Biochemists sot the macromolecules faund n g,
hings int groups based on her chmical composiion.
The for majorgroups of mactomalecules ound in iving
hings arecarbohydrate,ipds,nuclic acids,and protcins.
3¢ o ead sbout these molecule,compare hee sructures
and functions

Carbohydrates Cafbahydrates are compounds made .

of carbon, bydrogen, and oxygen atoms, sl n i of
1:32:1.C3 Living hings secarbohyrats as teiemain
Source of enesgy. Plant, some animal,and otherorganisms
o e arbahydrates orsructurslpurposes,The bresk
dovemof sugars,such s ghcose supples immediate encry or
allactvitien Many orgaisms stor exir sgar 3s compiex
carbohydrats known s starches As shown in Figure 214,
e momomers i stareh plymers e sugar maleceles.

> SimpleSugars

e sugar malecles are ko known .
(mahin o s uh ). Besides gucose,
monosaccharide nclude galctose,which s a companent of
ik, frctos, whic s faond i many frt, Ondinary
1ablesuga, scros,consstsofglucose and fructos. Sucrose
5 disceharide, s compound made by fining o simpie
sugars ogether.
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¥ Complex Carbohydrates The large macromolecuies formed from
manosaccharides are known as palysacchardes Many animals store
exces sugar i polsaceharide called glcogen, whichis ometimes
clld“animal sarchWhen the vl ofglcose in your blood uns
low, hcogen i broken down int glcose, which i then relcased ko
the bload.The ghyogen stoed n your muscles suplis thecncrgy for
musle contraction and, thus,for movement

Plans e a slghtly diferent plysaccharide, calld sarch, o store
excess sugar.Pants also make anotherimportant polysaceharide
lld celuose. Tough,flexible clllos Rbers give plants mch of
i strngth and rigidity: Cllulose i he mgor component of oth
wood and paper,so you ar acualy loking at celllos a youread
thse wordst

Lipids Liidsaea larg and vrid group ofiogcl
ol that e gncraly ot ol et
ipl e made sty o carbon and brogen
toms The ommon itcgoris o pids e s s,
‘e G2 Tipids canbe w1 sore ncrgy. Some.
ipids re important artsof blogial mmbranes
andatarproofcveings. S ymiesed by e
Sody e Bids 3 wll May tesids, ch 5 hor.
[ —

Many lpid e formed when s gycerl malecle
comiines wil compounds called s, s sown
i Figure 2-15. 1 cach carbon siom i i sty
cid i s ined o snothr carbon tos by a
Singlebond,the i s it b st Th e
atiarod i s because the fatyacids coian he
masimum pasibl nomber of hydrogen s,

Wiher st et one carbon-carbon dobe bond
iy, he ayacid s o b rsterted
Tipis whoe By eds ontsin more hn o doube
Sond e id o be polymstursed I h s
el andpolymanted cem Fmila, you
o proaly e G o oo packae s
Tiid hat contin stursed sy scids
schaaive ol tend t e g at roors oy e
emperatoe,Othr cooking ol sch s corn
il scsame il canol o, and peanot o,

Contin palyanatuaied ic,
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FIGURE 215 Ugds Ui ol
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FIGURE 2-16 Nucleic Acids The
monomers that make up a nucleic acid
are nucleofdes. Eoch nucleoiide hos
a S-carbon sugar, a phosphaie group,
and @ nirogenous bose.

Nitrogenous

poss Phosphate

°
oy

Scarbon sugar

FIGURE 2-17 Amino Acids and
Pepfide Bonding Peptide bonds form
between the amino group of one
amino acid and the carboxyl group.
of another amino acid. A malecule

of water (H;0) s eleased when

the bond i formed. Noe that s

the variable Rgroup section of the
molecule that distinguishes ane amino
acid from another

General Structure.
of Amino Acids

Amino Corboxyl
growp  group
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Nucleic Acids Nucleic acids are macromolecules containing hydro-
gen, oxygen, nitrogen, carbon, and phosphorus. Nucleic acids are
polymers assembled from individual monomers known as nucleotides.

consist of three parts: a 5-carbon sugar, a phosphate group
(PO}, and a nitrogenous base, as shown in Figure 2-16. Some nucleo-
tides, including the compound known as adenosine triphosphate (ATP),
play important roles in capturing and transferring chemical energy.
Individual nucleotides can be joined by covalent bonds to form a poly-
nucleotide, or nucleic acid.

Nudleic acids store and transmit hereditary, or genetic, infor-
mation. There are two kinds of nucleic acids: ribonucleic acid (RNA)
and deoxyribonucleic acid (DNA). As their names indicate, RNA
contains the sugar ribose and DNA contains the sugar deoxyribosc.

Protein Proteins are macromolecules that contain nitrogen as well
as carbon, hydrogen, and oxygen. Proteins are polymers of molecules
called amino acids, shown in Figure 2-1 are com-
pounds with an amino group (-NH;) on one end and a carboxyl
group (~COOH) on the other end. Covalent bonds called peptide
‘bonds link amino acids together to form a polypeptide. A protein is a
functional molecule built from one or more polypeptids Some.
proteins control the rate of reactions and regulate cell processes.
Others form important cellular structures, while still others trans-
port substances into or out of cells or help to fight disease.

Formation of Peplide Bond
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> Structure and Function More than 20 different amino
acids are found in nature. All amino acids are identical in
the regions where they may be joined together by covalent
bonds. This uniformity allows any amino acid to be joined
to any other amino acid—by bonding an amino group

to.a carboxyl group. Protcins are among the most diverse
‘macromolecules. The reason is that amino acids differ from
each other in a side chain called the R-group, which have
arange of different propertics. Some R-groups are acidic
and some are basic. Some are polar, some aré nonpolar, and
some even contain large ring structures.

¥ Levels of Organization Amino acids are assembled ino
polypeptide chains according to instructions coded in
DNA. To help understand these large molecules, scien-
tists describe proteins as having four levels of structure.

A protein's primary structure is the sequence of its amino
acids. Secondary structure is the folding or coiling of

the polypeptide chain. Tertiary structure is the com-

plete, three-dimensional arrangement of a polypeptide
chain. Proteins with more than one chain are said to have
afourth level of structure, describing the way in which the
different polypeptides are arranged with respect to each
other. Figure 2-18 shows these four levels of structure in
hemoglobin,a protein found in red blood cells that helps
to transport oxygen in the bloodstream. The shape of a
protein is maintained by a variety of forces, including
fonic and covalent bonds, as well as van der Waals forces
and hydrogen bonds. In the nextlesson, you willlearn
why a protein’s shape s so important.

Amino
acids'

FIGURE 2-18 Profein Structure

The protein hemoglobin consists of four subunfs.
The ironconfaining heme group in fhe cenfer of
ach subunitgives hemoglobin ifs red color

An oxygen molecule binds fighty 1o each heme
molecule. Inferpret Visuals How many levels of
‘organization does hemoglobin have?
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THINK ABOUT T Living organisms are composed mostly of

four clemens: oxygen,carbon, hydrogen, and nitrgen. These four
clements (and a few others, such assulfur and phosphorus) are the
basis of fes most important compounds; water, arbohydrate,iids,
nuceic acids, and protins. I short,  handful of clements combine to
form the building blocks o all known organisms. And yet,organisms
cannot manufacture these elements and do not “use them up."So,
where do essential clements come from? How does ther aailbily
affect ccosystems?

Recycling in the Biosphere

2 How does mattr move through the biosphere?

Mater moves hrough the biospherediffernly than the wayin which
cnergy moves Solar and shemial cnergy are captured by primary
Producers and hen pas i 4 oné-way fhion o ane rophic el
To the next—disipating nthe cnvionmentas het slong the vay. Bt
hile enrgy inth form of sunlght s condantly ntrin th bio
sphere, Earth doesn't receive a significant, steady supply of new mater
from space.C= Unlike the one-way flow of energy, matter s recycled
within and beween cosystems, Flements pass ffom onc orgasm o
another and among partsof the biosphere through closed loops called
logeoehemical el whichar powered by th low of encrgy 5
hown n Figure 313, Asthat word suggeso s of mader ol
idlogicalprocsss gelogcal proceses,and cheical proceses. Human
acivity <anlio play an importat rle. s matter morce ough thece
e, s ansformed. I o ever e o destoyed—just changed.

Key Questions
2 How does matter move

Vocobulary
biogeochemical cycle »
it = rikogen oafion «
Genifcaton « lmitng nuent

Toking Notes

Outine Make on cutlne using
the green and blue heodings in
thislesson, il in defoils as you
read 1o help you organize the

information.

VISUAL ANALOGY.

THE MATTER MILL
FIGURE 3-1 Notent ora
e g g
s Thes cydles are powere
by ihe vy fow of enrdy
rough he bosphare
Use Anclogies How s the
wator fowing over the war
whool similr 1o tho v of
energy in the biosphers?
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