f Figure 5.22 Gene expression: DNA — RNA — protein. In a
ukaryotic cell, DNA in the nucleus programs protein production in the
ytoplasm by dictating synthesis of messenger RNA (mRNA).
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Y Figure 5.23 Components of nucleic acids. (a) A polynucleotide has

a sugar-phosphate backbone with variable appendages, the nitrogenous bases.
(b) In a polynucleotide, each nucleotide monomer includes a nitrogenous base,
a sugar, and a phosphate group. Note that carbon numbers in the sugar include
primes (). (c) A nucleoside includes a nitrogenous base (purine or pyrimidine)
and a five-carbon sugar (deoxyribose or ribose).
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Nonpolar side chains; hydrophobic
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Primar ructure

Linear chain of amino acids
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The primary structure of a protein is its sequence of amino

acids. As an example, let’s consider transthyretin, a globular
blood protein that transports vitamin A and one of the thyroid
hormones throughout the body. Transthyretin is made up of four
identical polypeptide chains, each composed of 127 amino acids,
Shawn here is one of these chains unraveled for a closer look at
its primary structure, Each of the 127 positions along the chain is
occupied by one of the 20 amino acids, indicated here by its three-
letter abbreviation.
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Most proteins have segments of their polypeptide chains repeatedly
coiled or folded in patterns that contribute to the protein’s overall
shape. These coils and folds, collectively referred to as secondary
structure, are the result of hydrogen bonds between the repeat-
ing constituents of the polypeptide backbone (not the amino acid
side chains). Within the backbone, the oxygen atoms have a partial
negative charge, and the hydrogen atoms attached to the nitrogens
have a partial positive charge (see Figure 2.14}); therefore, hydrogen
bonds can form between these atoms. Individually, these hydrogen
bonds are weak, but because they are repeated many times over a
relatively long region of the polypeptide chain, they can support a
particular shape for that part of the protein.

One such secondary structure is the @ helix, a delicate coil held
together by hydrogen bonding between every fourth amino acid, as
shown above. Although each transthyretin polypeptide has only one
o helix region (see the Tertiary Structure section), other globular
proteins have multiple stretches of o helix separated by nonhelical
regions (see hemoglobin in the Cuaternary Structure section). Some
fibrous proteins, such as a-keratin, the structural protein of hair,
have the o helix formation over most of their length.

The other main type of secondary structure is the B pleated
sheet. As shown above, in this structure two or more segments
of the polypeptide chain lying side by side (called B strands) are
connected by hydrogen bonds between parts of the two parallel
segments of polypeptide backbone. p pleated sheets make up the
core of many globular proteins, as is the case for transthyretin (see
Tertiary Structure), and dominate some fibrous proteins, including
the silk protein of a spider’s web. The teamwork of so many hydro-
gen bonds makes each spider silk fiber stronger than a steel strand
of the same weight.




Hydrophobic
interactions and
van der Waals
interactions

Disulfide

bridge lonic bond

Polypeptide
backbone of
small part of
a protein



Hemoglobin, the oxygen-binding protein of red blood cells, is
another example of a globular protein with quaternary structure.
It consists of four polypeptide subunits,
two of one kind () and two of
another kind (B). Both a and 8
subunits consist primarily of
a-helical secondary structure.

Each subunit has a nonpolypeptide
component, called heme,

with an iron atom that

binds oxygen.
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Y Figure 5.19 A single amino acid substitution in a protein causes sickle-cell disease.

Sickle-cell hemoglobin
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i —ﬁcu ; ToTTmmsss ¥ Figure 5.11 The structure of a phospholipid. A phosphalipid

e - Choline has & hydrophilic (polar) head and two hydrophobic inonpalar) tails

Lz e L This particular phospholipid, called a phosphatidylcholine, has a choline

Elr' """" attached to a phosphate group. Shown here are (a) the structural formula,
- Phosphate {b) the space-filling model (yellow = phospharus, blue = nitrogen),

(€) the symbol for a phospholipid that will appear througheut this book,

--------- and {d) the bilayer structure formed by self-assembly of phospholipids
Glycerol B r in an aqueous environment.

TR DRAW IT > Draw an oval around the hydraphilic head of the space-filling model.

a Figure Walkthrough
Animation: Space-Filling Model of a Phospholipid
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(a) Structural formula (b) Space-filling model (c) Phospholipid symbol ({d) Phospholipid bilayer

Y Figure 5.12 Cholesterol, a steroid. Cholesterol is the molecule
from which other steroids, including the sex hormones, are synthesized.
Steroids vary in the chemical groups attached to their four interconnected
rings (shown in gold).

H5C CHy

CH,

HO

MAKE CONNECTIONS » Compare cholesterol with the sex hormones
shown in the figure at the beginning of Concept 4.3. Circle the chemical
groups that cholesterol has in common with estradiol; put a square around
the chemical groups that cholesterol has in common with testosterone.
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¥ Figure 5.13 An overview of protein functions.

ﬂ Animation: Protein Functions

' Enzymatic proteins

Function: Selective acceleration of chemical reactions

Example: Digestive enzymes catalyze the hydrolysis of bonds in food
molecules.

Storage proteins

Defensive proteins

Function: Protection against disease
Ex : Antibodies i .;;ti-.rale and help destroy viruses and bacteria.

Transport proteins

Function: Storage of amino acids

Examples: Casein, the protein of milk, is the major source of amine
acids for baby mammals. Plants have storage proteins in their seeds.
Ovalbumin is the protein of egg white, used as an amino acid source
fior the developing embryo,
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Hormanal proteins

Function: Coordination of an organism's activities
Example: Insulin, a hormane secreted by the pancreas, causes other
tissues to take up glucose, thus requlating blood sugar concentration.
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Contractile and motor proteins

Function: Movement

Examples: Motor proteins are responsible for the undulations of cilia
and flagella. Actin and myosin proteins are respansible for the contrac-

Actin Myosin

Function: Transport of substances

Examples: Hemoglobin, the iron-containing protein of vertebrate
blood, transports oxygen from the lungs to other parts of the body.
Other proteins transport molecules across membranes, as shown here.

—
Cell membrane

Receptor proteins

Function: Response of cell 1o chemical stimuli
Example: Receptors built into the membrane of a nerve cell detect
signaling molecules refeased by other nerve cells.

e

Structural proteins

Function: Support

Examples: Keratin s the protein of hair, horns, feathers, and other skin
appendages. Insects and spiders use silk fibers to make their cocoons
and webs, respectively. Collagen and elastin proteins provide a fibrous
framework in animal connective tissuas.

Collagen

Connective tissue




Y Figure 5.9 The synthesis and structure of a fat,

or triacylglycerol. The molecular building blocks of a fat are
one molecule of glycerol and three molecules of fatty acids.

(a) One water molecule is removed for each fatty acid joined to
the glyceral. (b) A fat molecule with three fatty acid units, two
of them identical. The carbons of the fatty acids are arranged
zigzag to suggest the actual orientations of the four single
bonds extending from each carbon (see Figures 4.3a and 4.6b).
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(a) One of three dehydration reactions in the synthesis of a fat
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(b) Fat molecule (triacylglycerol)



¥ Figure 5.10 Saturated and unsaturated fats and fatty acids.

(a) Saturated fat

At room temperature, the molecules of
a saturated fat, such as the fat in
butter, are packed closely together, & :‘

forming a solid. —

Structural formula of a H

saturated fat molecule H—C—0—C \ _UAUAUAUAUA LA
(Each hydrocarbon chain
is represented as a zigzag
line, where each bend
represents a carbon atom,
hydrogens are not
shown.)

Space-filling model of
stearic acid, a saturated
fatty acid (red = oxygen,
black = carbon, gray =
hydrogen)

(b) Unsaturated fat g

At room temperature, the molecules of |
an unsaturated fat such as olive oil

cannot pack together closely enough to
solidify because of the kinks in some of
their fatty acid hydrocarbon chains.
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