
15.6 I Proteins: Polymers of Amino Acids
Proteins are vital components of all life. No living part of the human body—or of
any other organism, for that matter—is cjmpletely without protein. There is
protein in the blood, the muscles, the brain, ;.nd even the tooth enamel. The small-
est cellular organisms—the bacteria—contain protein. Viruses, so small that they
make bacteria look like giants, are nothing but proteins and nucleic acids. This
combination of nucleic acids and proteins is i bund in all cells and is the stuff of life
itself.

Each type of cell makes its own kinds of proteins. The proteins serve as the
structural material of animals, much as celklose does for plants. Muscle tissue is
largely protein; so are skin and hair. Silk, w< >ol, nails, claws, feathers, horns, and
hooves are proteins. All proteins contain the elements carbon, hydrogen, oxygen,
and nitrogen. Most also contain sulfur. The structure of a short segment of a typi-
cal protein molecule is shown in Figure 15.11.

Proteins are copolymers of about 20 different amino acids (Table 15.3). Amino
acids have two functional groups. The amino group (—NH2) is on the carbon
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Figure 15.12 Structural formula (a) and space-filling me del (b) of a short segment of a
protein molecule. In the structural formula, hydrocarbon ;ide chains (green), an acidic
side chain (red), a basic side chain (blue), and a sulfur-coi taining side chain (amber) are
highlighted.

(ailed the alpha carbon) next to the carbon of the a rboxyl group (—COOH).
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i partial formula indicates the proper placement ?f these groups, but the struc-
: is not really correct. Acids react with bases to f Drm salts; the carboxyl group

acidic and the amino group is basic. Therefore, these two functional groups
act, the acid transferring a proton to the base



Plants are able to synthesize proteins from car bon dioxide, water, and minerals
Isuch as nitrates (NO3~) and sulfates (SO4

2~)]. A limals require proteins as one of
the three major classes of foods.

15.7 I The Peptide Bond: Peptides and Proteins
The human body contains about 30,000 different; woteins. Each of us has his or her
own tailor-made set. Proteins are polyamides. The amide linkage (—CONH—) is
called a peptide bond when it joins two amino acid units.
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' that there is still a reactive amino group on the left and a carboxyl group on
tight. Each of these can react further to jo n more amino acid units. This

process can continue until thousands of units have joined to form a giant
cule—a polymer callrd a protein.

The end of the protein
molecule with a free
carboxyl group (—COOH)
is called the C-terminal end.
The end with a free amino
group (—NH2) is designated
the N-terminal end.
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When only two anino acids are joined, the product is a dipeptide.
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Glycylphenylalanine
(a dipeptide)

When three amino acids are combined, the substance is a tripeptide.
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Serylalanylcysteine
(a tripeptide)

CH2SH

Note how these substa nces are named. Other combinations are named in a similar! i
manner. A molecule with more than ten amino acid units often is simply called a
polypeptide. When the molecular weight of a polypeptide exceeds 10,000, it is
called a protein. The distinction between polypeptides and proteins is an arbitrary
one, and it is not always precisely applied.



The Sequence of Amino Acids

Some protein molecules are
enormous, with molecular
weights in the tens of
thousands. The molecular
formula for hemoglobin, the
oxygen-carrying protein in
red blood cells, is

corresponding to a
molecular weight of 64,450.
Although they are huge
compared with ordinary
molecules, a billion average-
sized protein molecules still
Would fit on the head of a
pin.

For peptides and proteins to be physiologically active, it is not enough that they
incorporate certain amounts of specific amino acids. The order or sequence in
which the amino acids are connected is also of critical importance. Glycylalanine
is different from alanylglycine, for example. Although the difference seems minor,
the two substances behave differently in the body.

When chemists describe peptides (and proteins), they find it much simpler to
indicate the amino acid sequence by using the abbreviations for the amino acids
(see Table 15.3). The sequence for glycylalanine is written Gly-Ala, and that for
alanylglycine is Ala-Gly. It is understood from this shorthand that the peptide is
arranged with the free amino group (N-terminal) to the left and the free carboxyl
group (C-terminal) to the right.

As the length of a peptide chain increases, the possible sequential variations
become very large. Just as we can make millions of different words with our 26-
letter English alphabet, we can make millions of different proteins with the 20 or
so amino acids. Just as one can write gibberish with the English alphabet, one can
make nonfunctioning proteins by putting together the wrong sequence of amino

acids.
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Yet, although the correct sequence is ordinarily of utmost importance, it is not
always absolutely required. Just as you can sometimes make sense of incorrectly
spelled English words, a protein with a small percentage of "incorrect" amino acids
may continue to function.' It may not function as well, however. And sometimes a
seemingly minor change can have a disastrous effect. Some people have hemoglo-
bin with one incorrect amino acid unit in about 300. That "minor" error is responsi-
ble for sickle cell anemia, an inherited condition that ordinarily proves fatal.

15.8 I Structure of Proteins
The structure of proteins is generally discussed at four organizational levels. The
primary structure of a protein molecule is its amino acid sequence. To specify the
primary structure, one merely writes out the sequence of amino acids in the long-
chain molecule. The primary structure is held together by the peptide links
between the amino acid units.

Molecules of proteins aren't just arranged at random as tangled threads. The
chains are held together in unique configurations. The secondary structure of a
protein refers to the arrangement of chains about an axis. This arrangement may
be a pleated sheet, as in silk (Figure 15.13), a helix, as in wool (Figure 15.14), or
whatever.

In the pleated sheet layout, the protein chains exist in an extended zigzag
arrangement. The molecules are stacked in extended arrays, with hydrogen bonds
holding adjacent chains together. The appearance (see Figure 15.13) gives this type
of secondary structure its name, the pleated sheet arrangement. This structure,
with its multitude of hydrogen bonds, makes silk strong and flexible.

The primary structure of
angiotensin II, a peptide
produced in the kidneys, is

Asp-Arg-Val-Tyr-Ile ,
Phe-Pro-HisJ

This sequence specifies an
octapeptide with aspartic
acid at the N-terminal,
joined to arginine, valine, ,
tyrosine, isoleucine,
hisridine, proline, and
ending with phenylalanine
at the C-terminal.
Angiotensin n causes
powerful constrictions of
blood vessels.



Interchain hydrogen bonds

Top view
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figure 15.13 Pleated sheet conformation of protein chains, (a) Ball-and-stick model, (b) Schematic drawing

5KX5 n P T' ?C P^u6 b°̂ :S Ke " the plane °f the Pleated sheet The side chams extend above or below.d alternate along the chain. The protein chains are held together by interchain hydrogen bonds.

16.3 I Proteins: Muscle and Much More
Proteins (Chapter 15) are polymers of amino acids. Each gene carries the blueprint
for a specific protein, and each protein serves a particular purpose. We need
protein in our diet in order to make muscles and hair and enzymes and many
other cellular components vital to life.

Protein Metabolism: Essential Amino Acids
Proteins are broken down hi the digestive tract into the component amino acids.
From these amino acids, our bodies synthesize proteins for growth and repair of
tissues. When a diet contains more protein than is needed for the body's growth
and repair, the leftover protein is used as a source of energy.

The adult human body can synthesize all but eight of the amino acids needed
for making proteins. These eight (see Table 15.3 for structures)

Isoleucine
' Leurine

Lysine
Methionine

Phenylalanine
Threonine

Tryptophan
Valine

are called essential amino acids. They must be included in our diet. We eat
proteins, break them down in our bodies to their constituent amino acids, and
then use some of these ammo acids to build other proteins essential for our health.
Each of the essential amino acids is a limiting reagent. When the body is deficient
in one of them, it can't make proper proteins.

An adequate protein supplies all the essential amino acids in the quantities
needed for the growth and repair of body tissues. Most proteins from plant
sources are deficient in one or more amino acids. Corn protein is lacking in lysine
and tryptophan. People whose diets consist chiefly of corn may suffer from
malnutrition even though the calories supplied by the food are adequate. Protein
from rice is short of lysine and threonine. Wheat protein is lacking in lysine. Even



soy protein, probably the best nonanimal protein, is lacking in the essential amino
acid methionine.

Most proteins from animal sources contain all the essential amino acids in
adequate amounts. Lean meat, milk, fish, eggs, and cheese supply adequate
proteins. In fact, gelatin is one of the few inadequate animal proteins. It contains
almost no tryptophan and has only small amounts of threonine, methionine, and
isoleucine.

Protein Deficiency: Kwashiorkor
Our requirement for protein is about 0.8 g per kilogram of body weight. Diets
with inadequate protein are common in some parts of the world. A protein-defi-
ciency disease called kwashiorkor (Figure 16.7) is common at times in parts of
Africa, where corn is the major food.

Nutrition is especially important in a child's early years. Protein deficiency
leads to both physical and mental retardation. The effect on a human's mental
capacity is readily apparent from a consideration of Figure 16.8, which shows that
the human brain reaches nearly full size by the age of 2 years.

Vegetarian Diets
Green plants such as grasses and grams trap a small fraction of the energy that
reaches them from the sun. They use this energy to convert carbon dioxide, water,
and mineral nutrients (including nitrates, phosphates, and sulfates) into proteins.
Cattle eat the plant protein, digest it, and convert a small portion of it into animal
protein. People eat this animal protein, digest it, and reassemble some of the
amino acids into human protein. Some of the energy originally transformed by the
green plants is lost as heat at every step of the food chain (Table 16.2). If people ate
the plant protein directly, one highly inefficient step would be skipped.
Vegetarianism is in harmony with energy conservation.

It is interesting .to note that a variety of ethnic dishes supply relatively good
protein by combining a cereal gram with a legume (beans, peas, peanuts, etc.). The
grain is deficient in tryptophan and lysine, but it has sufficient methionine. The
legume is deficient in methionine, but it has enough tryptophan and lysine. A few
such combinations are listed in Table 16.3.

Table 16.3 I Ethnic Foods That Combine a Cereal Grain with a Legume

Mexicans
Japanese
English working classes
American Indians
Children (especially in the United States)
Western Africans
Cajuns (Louisiana)

Table 16.2 I
Efficiencies of Protein
Conversions

"Food;:

Beef or
veal

Pork
Chicken
or turkey

Milk
Eggs

Efficiency of
Production .(%)*'

4.7
12.1

18.2
22.7
23.3

"Calculated by dividing the
weight of edible protein by
the weight of the protein feed
required to produce it, then
multiplying the result by 100.

Source: President's Science
Advisory Committee. The
World Food Problem, Vol. 2,
1967.

Corn tortillas and retried beans
Rice and soybean curds (tofu)
Baked beans on toasted bread
Corn and beans (succotash)
Peanut butter on bread (sandwiches)'
Rice and peanuts (ground nuts)
Red beans and rice

"Cereal grains are in red, legumes in blue.

Although complete proteins can be obtained by eating a careful mixture of i
vegetable foods, extreme vegetarianism can be dangerous. Even when the diet
includes a wide variety of plant materials, an all-vegetable diet lacks vitamin B12,
because this nutrient is not found in plants. Other nutrients scarce in all-plant
diets include calcium, iron, riboflavin, and (for children not exposed to sunlight)
vitamin D. A modified vegetarian diet that includes milk, eggs, cheese, and fish
can provide excellent nutrition, with red meat totally excluded.




