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48 Chapter 2: Basic Chemistry

Cytosine base

Han~H

Phosphate

Deoxyribose sugar
Diagrammatic
representation

(a) Cytosine nucleotide

KEY: DNA A ¥
l:l Thymine (T)

Adenine (A)

#5 Deoxyribose
l sugar

. Phosphate
U Cytosine (C)

. Guanine (G)

— Hydrogen bond

Sugar unit

Figure 2.17 Structure of DNA. (a) The unit of DNA (deoxyribonucleic
acid) is the nucleotide, composed of a linked deoxyribose sugar molecule,

a phosphate group, and a nitrogen-containing base (attached to the sugar).
The nucleotide illustrated con the base cytosine. (b) Structure of a DNA
molecule, two nucleotide chains coiled into a double helix. The “backbones”
of DNA are formed by alternating sugar and phosphate molecules. The
“rungs” are formed by the binding together of complementary bases (A to T,

G to €) by hydrogen bonds.

Although both RNA and DNA are formed by
the joining together of nucleotides, their final struc-
tures are different. As shown in Figure 2.17b, DNA
is a long double chain of nucleotides. Its bases are
A, G, T, and C, and its sugar is deoxyribose. Its two
nucleotide chains are held together by hydrogen

bonds between the bases, so that a ladderlike mol-
ecule is formed. Alternating sugar and phosphate
molecules form the “uprights,” or backbones, of
the ladder, and each “rung” is formed of two joined
bases (one base pair). Binding of the bases is very
specific: A always binds to T, and G always binds
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Figure 3.12 Replication of the DNA molecule
during interphase. The DNA helix unwinds (center)
and its nucleotide strands are separated. Each strand
then acts as a template for building a “new” comple-
mentary strand. As a result, two helixes, each identical
to the original DNA helix, are formed.
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Functional Anatomy of the Respiratory System 389

Alveolar duct Alveoli

Respiratory bronchioles Alveolar duct
«N Terminal ———
bronchiole —— Alveolar sac
(a)

Alveolar duct

Atrium

(b)

Figure 13.5 Respiratory zone structures. (a) Diagrammatic view of res-
piratory zone structures—respiratory bronchioles, alveolar ducts, and alveoli.
(b) Scanning electron micrograph (SEM) of human lung tissue, showing the
final divisions of the respiratory tree (475X).
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Levels of Structural Organization 3
€3

Cellular level Atoms 3 ‘3 ‘

Cells are made up of [

molecules ' }0

Smooth muscle cell

Chemical level

Atoms combine to

form molecules
Smooth
muscle
tissue

Tissue level
Tissues consist of
similar types of cells

— Epithelial
s tissue
Smooth Blood

muscle vessel
tissue (organ)

Cardiovascular (&)
system ’x‘&my

Connective LD
tissue
) Organismal level
Organ level P Organisms are made up
Organs are made up </ AR of many organ systems
of different types Organ system level
of tissues Organ systems consist of
different organs that

work together closely

Figure 1.1  Levels of structural complexity. In.this diagram, components of
the cardiovascular system are used to illustrate the various levels of complexity
in a human being.




Nutrition and Metabolism 433 I

(a) C y s: warides, di : ides;
composed of simple sugars (monosaccharides) / ATP Q\
Polysaccharide i O Celluar uses Srokewn dl‘l,:nndbffl
o} ~  Gldigestion to SN To ATP formation
3/ o simplesugars  C caphiary Excess stored as
¥ é e —— O glycogen or fat
(jr" é’opo O Broken down to glucose
~3 Monosaccharides and released to blood
OO0 R
(b) Fats: composed of 1 glycerol
molecule and 3 fatty acids
{inglyoerides) Cellular ATP  Fas arathe
Lipid (fat) uses v primary fuels
:2:3’5 Gl digestion \ n manyicoly
to fatty acids \
| and glycerol Insulation and fat Fats build myelin
| cushions to protect sheaths and cell
body organs membranes
Glycerol T
(c) Proteins: polymers of amino acids
RIE ATP formation if inadequate
Protein glucose and fats or if essential
Normally amino acids are lacking
infrequent et
7 proteins.
Gl digestion to ntibodies
aminoacids @@ Cellular - (enmymes: 4
@ hemoglobin, etc.)
em—— Q) e uses
.. @ -y Structural proteins
Ami (connective tissue fibers,
acig‘: muscle proteins, etc.)
(d) ATP the P

furnace) :all categories of food can be
oxidized to provide energy molecules (ATP)

19/o) \F’H

Monosaccharides "/
—

OO
Q
Acetic ac% f

Amino acids
(amine first removed 1]
and combined with @

b Carbon
dioxide
> Water

CO, by the liver to form urea)

Figure 14.16 Metabolism by body cells. (a) Carbohydrate metabolism
(b) Fat metabolism. (€) Protein metabolism. (d) ATP formation.
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Chapter 14: The Digestive System and Body Metabolism

Chemical energy (high-energy electrons)

@ Glycolysis

Givcose ) olig"

Cytosol e
of cell Mitochondrial <K&

cristae

ATP ATP

Figure 14.15 An overview of sites of ATP forma-

| tion during cellular respiration. Glycolysis occurs

| outside the mitochondria in the cytosol. The Krebs cy-
¥ cle and the electron transport chain reactions occur

] within the mitochondria. (1) During glycolysis, hydro-
gen atoms containing high-energy electrons are re-
moved as each glucose molecule is broken down to
two molecules of pyruvic acid. (2) The pyruvic acid
enters the mitochondrial matrix, where Krebs cycle en-
zymes remove more hydrogen and decompose the

Mitochondrion

) Electron transport
chain and oxidative
- phosphorylation

Via oxidative
phosphorylation

ATP

pyruvic acid to carbon dioxide. During glycolysis and
the Krebs cycle, small amounts of ATP are formed.

(3) Chemical energy from glycolysis and the Krebs cy-
cle, in the form of hydrogen atoms containing energy-
rich electrons, is then transferred to the electron
transport chain, which is built into the membrane of the
cristae. The electron transport chain carries out oxida-
tive phosphorylation, which accounts for most of the
ATP generated by cellular respiration and finally unites
the removed hydrogen with oxygen to form water.
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ATP
J H,0

TP
(a) Adenosine triphosphate (ATP)
Figure 2.18 ATP. (a) The structure of ATP (adeno-
sine triphosphate). (b) Hydrolysis of ATP to yield ADP
and inorganic phosphate. ‘ 0 .

Adenosine diphosphate (ADP)
+

Inorganic phosphate

Phosphates

to C. Thus, A and T are said to be complemen-
tary bases, as are C and G. A base sequence of
ATGA on one nucleotide chain would necessarily
be bonded to the complementary base sequence
TACT on the other nucleotide strand. The whole
molecule is then coiled into a spiral staircaselike
structure called a double helix.

(b) Hydrolysis of ATP
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48  Chapter 2: Basic Chemistry

Cytosine base

HayH

Phosphate

Deoxyribose sugar
Diagrammatic
representation

(a) Cytosine nucleotide

KEY: DNA AL A%

[] Thymine (T)

Adenine (A)

Deoxyribose
sugar
Phosphate
D Cytosine (C)

il cuanie @)

— Hydrogen bond

Figure 2.17 Structure of DNA. (a) The unit of DNA (deoxyribonucleic
acid) is the nucleotide, composed of a linked deoxyribose sugar molecule,
a phosphate group, and a nitrogen-containing base (attached to the sugar).

The nucleotide illustrated contains the base cytosine. (b) Structure of a DNA

molecule, two nucleotide chains coiled into a double helix. The “backbones’

of DNA are formed by alternating sugar and phosphate molecules. The

nungs” are formed by the binding together of complementary bases (A to T,

G 1o ©) by hydrogen bonds.

Although both RNA and DNA are formed by
the joining together of nucleotides, their final struc-
tures are different. As shown in Figure 2.17b, DNA
is a long double chain of nucleotides. Its bases are

v and C, and its sugar is deoxyribose. Its two
nucleotide chains are held together by hydrogen

bonds between the bases, so that a ladderlike mol-
ecule is formed. Alternating sugar and phosphate
molecules form the “uprights,” or backbones, of
the ladder, and each “rung” is formed of two joined
bases (one base pair). Binding of the bases is very
specific: A always binds to T, and G always binds
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Thank you for your attention!



