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Chapter 5: The structure and function of large biological
molecules

Concept 5.1:-Macromolecules are

Polymers,built from monomers
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Large carbohydrates, proteins, and nucleic acids, also known as macromolecules for
their huge size, are chain-like molecules called polymers (from the Greek polys, many,
and meros, part). A polymer is a long molecule consisting of many similar or identical
building blocks linked by covalent bonds, much as a train consists of a chain of
boxcars. The repeating units that serve as the building blocks of a polymer are smaller
molecules called monomers (from the Greek monos, single). In addition to forming
polymers, some monomers have functions of their own.

What are the structures and functions of the
four important classes of biological molecules?

Three classes are macromolecules that are
polymers (long chains of monomer subunits).
Monomer

Polymer

Carbohydrates are a source of Proteins have a wide

energy and provide structural range of functions, such @

support. as catalyzing reactions S

% ﬁ and transporting . )
substances »
\N% Glucose into and ey 1
Carbohydrate (starch) outof .2 r (-~

cells. -

t‘- 5
% - &F -
?J,‘,S;;f,&?ds Protein (alcohol dehydrogenase)
information and
function in gene
expression.

The fourth class, lipids,
are not polymers or
macromolecules.

Lipids are a group of
diverse molecules that do

functions include providing
energy, making up cell

membranes, and actling as Lipid
hormones. (phaspholipid)
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(a) Dehydration reaction: synthesizing a polymer |

Short polymer Unlinked monomer

Dehydration removes a water
molecule, forming a new bond. @

Longer polymer

Although each class of polymer is made up of a different type of monomer, the
chemical mechanisms by which cells make polymers (polymerization) and break them
down are similar for all classes of large biological molecules. In cells, these processes
are facilitated by enzymes, specialized macromolecules (usually proteins) that speed
up chemical reactions. The reaction that connects a monomer to another monomer or
a polymer is a condensation reaction, a reaction in which two molecules are
covalently bonded to each other with the loss of a small molecule. If a water molecule
is lost, it is known as a dehydration reaction. For example, carbohydrate and protein
polymers are synthesized by dehydration reactions. Each reactant contributes part of
the water molecule that is released during the reaction: One provides a hydroxyl




group (—OH), while the other provides a hydrogen (—H) . This reaction is repeated as
monomers are added to the chain one by one, lengthening the polymer.
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‘ (b) Hydrolysis: breaking down a polymer ‘

Hydrolysis adds a water /_‘ @

molecule, breaking a bond.

Polymers are disassembled to monomers by hydrolysis, a process that is essentially
the reverse of the dehydration reaction . Hydrolysis means water breakage (from the
Greek hydro, water, and lysis, break). The bond between monomers is broken by the
addition of a water molecule, with a hydrogen from water attaching to one monomer
and the hydroxyl group attaching to the other.
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A cell has thousands of different macromolecules; the collection varies from one type
of cell to another. The inheritance . The synthesis and breakdown of carbohydrate and
protein polymers. (a) Dehydration reaction: synthesizing a polymer 1 HO H 2 Short
polymer 3 Dehydration removes a water molecule, forming a new bond. HO H
Unlinked monomer H20 HO H 1 2 3 4 Longer polymer (b) Hydrolysis: breaking down a
polymer HO 1 2 3 Hydrolysis adds a water molecule, breaking a bond. HO1234H
H20 H HO H Mastering Biology Animation: Making and Breaking Polymers differences
between close relatives, such as human siblings, reflect small variations in polymers,
particularly DNA and proteins. Molecular differences between unrelated individuals
are more extensive, and those between species greater still. The diversity of
macromolecules in the living world is vast, and the possible variety is effectively
limitless. What is the basis for such diversity in life’s polymers? These molecules are
constructed from only 40 to 50 common monomers and some others that occur rarely.
Building a huge variety of polymers from such a limited number of monomers is
analogous to constructing hundreds of thousands of words from only 26 letters of the
alphabet. The key is arrangement—the particular linear sequence that the units
follow. However, this analogy falls far short of describing the great diversity of
macromolecules because most biological polymers have many more monomers than
the number of letters in even the longest word. Proteins, for example, are built from
20 kinds of amino acids arranged in chains that are typically hundreds of amino acids
long. The molecular logic of life is simple but elegant: Small molecules common to all
organisms act as building blocks that are ordered into unique macromolecules.
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1-How many molecules of water are needed to completely hydrolyze a 25 monomer
long polypeptide:

A. 26
B. 24
C.50
D. 25
E. Zero
Ans:B




2- number of water molecules that is needed to hydrolyze a polymer that consists of 4
monomers:

a-2
b-3
c4
d-5
e-0
Ans:B
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q;fu\‘éb Concept 5.2:-
%JQJ ‘ Carbohydrates serve as fuel

and building material
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Carbohydrates include sugars and polymers of sugars. The simplest
carbohydrates are the monosaccharides, or simple sugars; these are the
monomers from which more complex carbohydrates are built. Disaccharides
are double sugars, consisting of two monosaccharides joined by a covalent
bond. Carbohydrate macromolecules are polymers called polysac charides,
composed of many sugar building blocks.

Carbohydrates
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|
sugars
Monosacchandes Disaccharndes Polysaccharides
(monomers) (dimers) (polymers)
eq e ®d
glucose sucrose starch
fructose maltose cellulose
nbose lactose glycogen
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Pentoses: five-carbon sugars (C;H,,0,)
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: H—C—OH
H—C—OH
H—C—OH H—C—O0H
H—C—OH H—C—OH
H—C—OH H— | —OH
H H
Ribose Ribulose
A component of RNA An intermediate
in photosynthesis

Hexoses: six-carbon sugars (cs"'lzos)

H

H— l—OH
HO —C—H
H—C—OH
H—C—OH
H—é—OH H—CI—OH H—C—OH
! ! !
Glucose Galactose Fructose

Energy sources for organisms An energy source for organisms

Monosaccharides (from the Greek monos, single, and sacchar, sugar)
generally have molecular formulas that are some multiple of the unit CH20.
Glucose (C6H1206), the most common monosaccharide, is of central
importance in the chemistry of life. In the structure of glucose, we can see the
trademarks of a monosaccharide: The molecule has a carbonyl group, C“O,
and multiple hydroxyl groups, —OH .Depending on the location of the
carbonyl group, a monosaccharide is either an aldose (aldehyde sugar) or a
ketose (ketone sugar). Glucose, for example, is an aldose; fructose, an isomer
-ose.) Another of glucose, is a ketose. (Most names for sugars end in
criterion for classifying monosaccharides is the size of the carbon skeleton,
which ranges from three to seven carbons long. Glucose, fructose, and other
sugars that have six carbons are called hexoses. Trioses (three-carbon sugars)
and pentoses (five-carbon sugars) are also common.
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Still another source of diversity for simple sugars is in the way their parts are
arranged spatially around asymmetric carbons. (Recall that an asymmetric
carbon is a car bon attached to four different atoms or groups of atoms.)
Glucose and galactose, for example, differ only in the placement of parts
around one asymmetric carbon What seems like a small difference is
significant enough to give the two sugars distinctive shapes and binding
activities, thus different behaviors.

Although it is convenient to draw glucose with a linear car bon skeleton, this
representation is not completely accurate. In aqueous solutions, glucose
molecules, as well as most other five- and six-carbon sugars, form rings,
because they are the most stable form of these sugars under physiological
conditions.
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Monosaccharides, particularly glucose, are major nutrients for cells. In the
process known as cellular respiration, cells extract energy from glucose
molecules by breaking them down in a series of reactions. Not only are
monosaccharides a major fuel for cellular work, but their carbon skeletons also
serve as raw mate rial for the synthesis of other types of small organic
molecules, such as amino acids and fatty acids. Monosaccharides that are not
immediately used in these ways are generally incorporated as monomers into
disaccharides or polysaccharides, discussed next.

Disaccharides: -
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Maltose is a Disaccharide formed by a Glycosidic Linkage between two Glucose
molecules.

Sucrose is a Disaccharide formed by a Glycosidic Linkage between a Glucose and a
Fructose molecule. (Table sugar) dds O)laiall Sudl 46 8)s o9




Lactose is a Disaccharide formed by a Glycosidic linkage between a Glucose and a

Galactose molecule.
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(a) Dehydration reaction in
the synthesis of maltose.
The bonding of two glucose
units forms maitose. The 1-4
glycosidic linkage joins the
number 1 carbon of one
glucose to the number 4
carbon of the second glucose.
Joining the glucose monomers
in a drfferent way would re- Maltose
sultin a different disaccharide.

H glycosidic H A&
! linkage 4l

\

(b) Dehydration reaction in
the synthesis of sucrose.
Sucrose is a disaccharide
formed from glucose and
fructose. Notice that
fructose forms a five-sided
ring, though it s a hexose
like glucose.

Glucose Fructose Sucrose

galactose

lactose PATHOLOGY ASSOCIATED:

LACTOSE INTOLERANCE
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A disaccharide consists of two monosaccharides joined by a glycosidic linkage, a
covalent bond formed between two monosaccharides by a dehydration reaction
(glyco refers to carbohydrate). For example, maltose is a disaccharide formed by
the linking of two molecules of glucose. Also known as malt sugar, maltose is an




ingredient used in brewing beer. The most prevalent disaccharide is sucrose, or
table sugar. Its two monomers are glucose and fructose. Plants generally
transport carbohydrates from leaves to roots and other non-photosynthetic
organs in the form of sucrose. Lactose, the sugar present in milk, is another

to a galactose molecule. disaccharide, in this case a glucose molecule joined
Disaccharides must be broken down into monosaccharides to be used for energy
by organisms. Lactose intolerance is a common condition in humans who lack
lactase, the enzyme that breaks down lactose. The sugar is instead broken down
by intestinal bacteria, causing formation of gas and subsequent cramping. The
problem may be avoided by taking the enzyme lactase when eating or drinking
dairy products or consuming dairy products that have already been treated with
lactase to break down the lactose.

LACTOSE INTOLERANCE
SYMPTOMS WHAT TO DO

SHORTNESS OF BREATH NAUSEA, VOMITING AVOID DAIRY TO REDUCE

IRRITATION AND INFLAMMATION SYMPTOMS

£

TAKE ENZYME SUPPLEMENTS
TO FIX DIGESTIVE PROBLEMS

&
2

CONSUME PROBIOTICS AND
PREBIOTICS TO IMPROVE YOUR GUT HEALTH

FLATULENCE ALLERGIC RASH BLOATING

ABDOMINAL CRAMPS DIARRHEA
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Hydrolysis is a chemical process where a compound is broken down by reacting with water, resulting
in the cleavage of chemical bonds within the molecule. This reaction involves the addition of a water
molecule to the compound, causing it to spiit into two or more simpler substances.

Hydrolysis plays a crucial role in various biological and industrial processes, such as digestion, where
complex molecules like carbohydrates, proteins, and fats are broken down into smaller, more easily
absorbed components for utilization by the body.

HO == OH + H’
H0 + H == HO'

Polysaccharides are macromolecules, polymers with a few hundred to a few thousand
monosaccharides joined by glycosidic linkages. Some polysaccharides serve as storage
material, hydrolyzed as needed to provide monosaccharides for cells.

Other polysaccharides serve as building material for structures that protect the cell or
the whole organism. The architecture and function of a polysaccharide are determined
by its monosaccharides and by the positions of its glycosidic linkages.

Storage Polysaccharides
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Both plants and animals store sugars for later use in the form of storage
polysaccharides Plants store starch, a polymer of glucose monomers, as granules
within cellular structures known as plastids. (Plastids include chloroplasts.)
Synthesizing starch enables the plant to stockpile surplus glucose. Because glucose is a
major cellular fuel, starch represents stored energy.
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The sugar can later be withdrawn by the plant from this carbo hydrate “bank” by
hydrolysis, which breaks the bonds between the glucose monomers. Most animals,
including humans, also have enzymes that can hydrolyze plant starch, making glucose
available as a nutrient for cells. Potato tubers and grains—the fruits of wheat, maize
(corn), rice, and other grasses—are the major sources of starch in the human diet.
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1-6 Linkage

Most of the glucose monomers in starch are joined by 1-4 linkages (number 1 carbon
to number 4 carbon), like the glucose units in maltose. The simplest form of starch,
amylose, is unbranched. Amylopectin, a more complex starch, is a branched polymer
with 1-6 linkages at the branch points.

1-4
Linkage
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Glycogen granules Glycogen (extensively branched)
stored in muscle 2 gY O*’L
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Animals store a polysaccharide called glycogen, a polymer of glucose that is like
amylopectin but more extensively branched. Vertebrates store glycogen mainly in
liver and muscle cells. Breakdown of glycogen in these cells releases glucose when the
demand for energy increases. (The extensively branched structure of glycogen fits its
function: More free ends are available for breakdown.) This stored fuel cannot sustain
an animal for long, however. In humans, for example, glycogen stores are depleted in
about a day unless they are replenished by eating. This is an issue of concern in low
carbohydrate diets, which can result in weakness and fatigue.

Structural Polysaccharides
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Organisms build strong materials from structural polysaccharides. For example, the
polysaccharide called cellulose is a major component of the tough walls that enclose
plant cells. Globally, plants produce almost 1014 kg (100 billion tons) of cellulose per
year; it is the most abundant organic compound on Earth.
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Starch vs. Cellulose

CI—IZOH CH20H CH,0H CH,0H

0O, 0]
o OH
OH OH

(b) Starch: 1-4 l.l.nkage of a glucose monomers

CH,0H CH,0H OH

B Oy

CH,0H OH CH,0H
(c) Cellulose: 1-4 ].lnkage of p glucose monmers

\

CH,OH CH,OH CH,OH CH,OH

(b) Starch: 1-4 linkage of &t glucose monomers. All monomers (c) Cellulose: 1-4 linkage of B glucose monomers. In cellulose,
are in the same onentation. Compare the pgsitions of the every B glucose mo is upside down with respect to its
—OH groups highlighted in yellow with ﬁ in cellulose (c). neighbors. (See the jfighlighted —CH groupg.)

Like starch, cellulose is a polymer of glucob\uith 1-4 glycosidic linkages, but the
linkages in these two polymers differ. The difference is since there are actually two
slightly different ring structures for glucose. When glucose forms a ring, the hydroxyl
group attached to the number 1 car bon is positioned either below or above the plane
of the ring. These two ring forms for glucose are called alpha (a) and beta (b),
respectively. (Greek letters are often used as a “numbering” system for different
versions of biological structures, much as we use the letters a, b, ¢, and so on for the
parts of a question or a figure.) In starch, all the glucose monomers are in the a
configuration, the arrangement we saw in. In contrast, the glucose monomers of
cellulose are all in the b configuration, making every glucose monomer “upside down”
with respect to its neighbors.
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The differing glycosidic linkages in starch and cellulose give the two molecules distinct
three-dimensional shapes. Certain starch molecules are largely helical, fitting their
function of efficiently storing glucose units. Conversely, a cellulose molecule is
straight. Cellulose is never branched, and some hydroxyl groups on its glucose
monomers are free to hydrogen-bond with the hydroxyls of other cellulose molecules
lying parallel to it. In plant cell walls, parallel cellulose molecules held together in this
way are grouped into units called microfibrils. These cable-like microfibrils are a
strong building material for plants and an important substance for humans because
cellulose is the major constituent of paper and the only component of cotton. The
unbranched structure of cellulose thus fits its function: imparting strength to parts of
the plant.
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Enzymes that digest starch by hydrolyzing a linkage are unable to hydrolyze the b
linkages of cellulose due to the different shapes of these two molecules. In fact, few
organisms possess enzymes that can digest cellulose. Almost all animals, including
humans, do not; the cellulose in our food passes through the digestive tract and is
eliminated with the feces. Along the way, cellulose abrades the wall of the digestive




tract and stimulates the lining to secrete mucus, which aids in the smooth passage of
food through the tract. Thus, although cellulose is not a nutrient for humans, it is an
important part of a healthy diet. Most fruits, vegetables, and whole grains are rich in
cellulose. On food packages, “insoluble fiber” refers mainly to cellulose.
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Some microorganisms can digest cellulose, breaking it down into glucose -
monomers. A cow harbors cellulose digesting prokaryotes and protists in its gut.
These microbes hydrolyze the cellulose of hay and grass and convert the glucose
to other compounds that nourish the cow. Similarly, a termite, which is unable
to digest cellulose by itself, has prokaryotes or protists living in its gut that can
make a meal of wood. Some fungi can also digest cellulose in soil and elsewhere,
thereby helping recycle chemical elements within Earth’s ecosystems.
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Another important structural polysaccharide is chitin, the carbohydrate used by
arthropods (insects, spiders, crustaceans, and related animals) to build their
exoskeletons—hard cases that surround the soft parts of an animal .Made up of chitin
embedded in a layer of proteins, the case is leathery and flexible at first but becomes
hardened when the proteins are chemically linked to each other (as in insects) or
encrusted with calcium carbonate (as in crabs). Chitin is also found in fungi, which use
this polysaccharide rather than cellulose as the building material for their cell walls.
Chitin is similar to cellulose, with b linkages, except that the glucose monomer of
chitin has a nitrogen-containing attachment.
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1- cellulose:

A- a structural polysaccharides

B- a primary component of cell wall of plants
C- not branched

D- hydrophilic water-insoluble

E- all mentioned are correct

Ans:-E

2- the cell wall of fungi composed of (o O¢S% :

A-cellulose
B-carbohydrates
C-Phospholipids
D-Chitin




Ans:D

3- Which of the following properties is shared by starch and cellulose?
A. Digested by humans

B. Polymers of glucose

C. Structural carbohydrates

D. Branched carbohydrates

E. None of the above

Ans:B

4- Aldoses and ketoses differ in:

A. The position of the carbonyl group
B. The position of the hydroxyl groups
C. The number of carbon atoms

D. The number of oxygen atoms

E. The position of carbon atom

Ans:A

5-Which of the following molecules is a not a polysaccharide?
A. Amylose

B. Glycogen

C. Cellulose

D. Chitin

E. Collagen

Ans:-E

6- In sucrose the linkage between glucose and fructose is a————Ilinkage
A. 1-4 glycosidic

B. 1-4 ester

C. 1-6 glycosidic

D. 1-2 ester

E. 1-2 glycosidic

Ans:E




7- The term "Microfibril” is most related to
A. polypeptides

B. Cellulose

C. starch

D. amylose

E. amylopectin

Ans:B
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/A
’MM Lipids are a diverse group

of hydrophobic molecules
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Lipids are the one class of large biological molecules that does not include true
polymers, and they are generally not big enough to be considered
macromolecules. The compounds called lipids are grouped with each other
because they share one important trait: They are hydrophobic: They mix poorly, if
at all, with water. This behavior of lipids is based on their molecular structure.
Although they may have some polar bonds associated with oxygen, lipids consist
mostly of hydrocarbon regions with relatively non-polar C—H bonds. Lipids are
varied in form and function. They include waxes and certain pigments, but we will
focus on the types of lipids that are most important biologically: fats,
phospholipids, and steroids.
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Although fats are not polymers, they are large molecules assembled from smaller
molecules by dehydration reactions, like the dehydration reaction described in. A fat
consists of a glycerol molecule joined to three fatty acids . Glycerol is an alcohol; each
of its three carbons bears a hydroxyl group. A fatty acid has a long carbon skeleton,
usually 16 or 18 carbon atoms in length. The carbon at one end of the skeleton is part
of a carboxyl group, the functional group that gives these molecules the name fatty
acid. The rest of the skeleton consists of a hydrocarbon chain. The relatively nonpolar
C—H bonds in the hydrocarbon chains of fatty acids are the reason fats are
hydrophobic. Fats separate from water because the water molecules hydrogen-bond
to one another and exclude the fats. This is why vegetable oil (a liquid fat) separates
from the aqueous vinegar solution in a bottle of salad dressing.
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In making a fat, each fatty acid molecule is joined to glycerol by a dehydration
reaction .This results in an ester linkage, a bond between a hydroxyl group and a
carboxyl group. The completed fat consists of three fatty acids linked to one glycerol
molecule. (Other names for a fat are triacylglycerol and triglyceride; levels of
triglycerides reported when blood is tested for lipids.) The fatty acids in a fat can all be
the same, or they can be of two or three different kinds.

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. The carbons of the fatty acids are arranged zigzag to suggest the actual
orientations of the four single bonds extending from each carbon

H-i_ \éf\é:/%q/%\;/%\?/%\;x%\ié:/'él\i:/%\'é:f“
Fatty acid

S (in this case, palmitic acid)

Glycerol

(A) One of three dehydration reactions in the synthesis of a fat. One water molecule is removed for each fatty acid
joined to the glycerol.




Ester linkage

~
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~

(b)Ester linkage OH One of three dehydration reactions in the synthesis of a fat. One water molecule is removed for each
fatty acid joined to the glycerol. A fat molecule (triacylglycerol) with three fatty acid units. In this example, two of the
fatty acid units are identical.
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If there are no double bonds between carbon atoms composing a chain, then as many
hydrogen atoms as possible are bonded to the carbon skeleton. Such a structure is
said to be saturated with hydrogen, and the resulting fatty acid is therefore called a
saturated fatty acid.

An unsaturated fatty acid has one or more double bonds, with one fewer hydrogen
atom on each double-bonded carbon. Nearly every double bond in naturally occurring
fatty acids is a cis double bond, which creates a kink in the hydrocarbon chain
wherever it occurs.




A fat made from saturated fatty acids is called a saturated fat. Most animal fats are
saturated: The hydrocarbon chains of their fatty acids—the “tails” of the fat
molecules—Ilack double bonds, and their flexibility allows the fat molecules to pack
together tightly..) 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. Saturated and unsaturated fats and fatty acids.
fats, such as lard and butter, are solid at room temperature. In contrast, the fats of
plants and fishes are generally unsaturated, meaning that they are composed of one
or more types of unsaturated fatty acids. Usually liquid at room temperature, plant
and fish fats are referred to as oils—olive oil and cod liver oil are examples. The kinks
where the cis double bonds are located prevent the molecules from packing together
closely enough to solidify at room temperature.

(a) Saturated fat {b) Unsaturated fat

At room temperature, the maolecules of
At room temperature, the molecules of an unsaturated fat such as olive ail

——
asaturated fat such as the fat in . cannot pack together closely encugh to
' - salidh;y because of the kinks in some of
hUttl'-f‘l',. are F'ﬁ_':kﬂd closely together, el their fatty acid hydrocarbon chains.
forming a solid. e .
Structural formula of a o9 "

saturated fat molecule H—C—0—&
{Each hydrocarbon chain o H—

5 represented as a zigzag
line, where each bend
represents a carbon atom;
hydragens are not

1 |
H—C—0—CNANAAANAAN
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1028 NN,

structural formula of an
unsaturated fat molecule

shown.) Hof \

1 Space-filling model of oleic
; \ acid, an unsaturated fatty
f i acid
Space-filling model of
stearic acid, a saturated
fatty acid (red = cxygen,
black = carbon, gray =
hydragen)

Cis double bond
causes bending.
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The phrase hydrogenated vegetable oils on food labels means that unsaturated fats
have been synthetically converted to saturated fats by adding hydrogen, allowing

them to solidify.
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The major function of fats is energy storage.

A gram of fat stores more than twice as much energy as a gram of a polysaccharide, su
as starch.

Humans and other mammals stock their long-term food reserves in adipose cells.

In addition to storing energy, adipose tissue also cushions such vital organs as the
kidneys, and a layer of fat beneath the skin insulates the body.
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Cells as we know them could not exist without another type of lipid, called
phospholipids. Phospholipids are essential for cells because they are major constituents|
of cell mem branes. Their structure provides a classic example of how form fits function
at the molecular level. As shown in, a phospholipid is similar to a fat molecule but has
only two fatty acids attached to glycerol rather than three. The third hydroxyl group of
glycerol is joined to a phosphate group, which has a negative electrical charge in the cel
Typically, an additional small charged or polar molecule is also linked to the phosphate
group. Choline is one such molecule, but there are many others as well, allowing
formation of a variety of phospholipids that differ from each other.
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At the surface of a cell, phospholipids are arranged in a similar bilayer. The hydrophilic
heads of the molecules are on the outside of the bilayer, in contact with the aqueous
solutions inside and outside of the cell. The hydrophobic tails point toward the interior
of the bilayer, away from the water. The phospholipid bilayer forms a boundary betwe
the cell and its external environment.

¥ Figure 5.11 The structure of a phoesphelipid. A phosphelipid
has a hydrophilic {polar) head and two hydrophobic (nonpolar)
tails. This particular phospholipid, called a phosphatidylcholing, has
a choline attached to a phosphate group. Shown here are (a) the
structural formula, (b) the space-filling model (yellow = phosphorus,
blue = nitregen), (€) the symbel for a phosphalipid that will appear
throughout this book, and {d) the bilayer structure formed by self
assembly of phospholipids in an aqueous environment.
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DRAW IT Draw ar oval around the hydrophilic head of the space-filling model.

& Mastering Biology Figure Walkthrough
Animation: Space-Filling Model of a Phospholipid

Fatty acids

Kink due to cis

double bond Hydraghilic

head

Hydrophobic tails

Hydrophobic
tails

(a) Structural formula (b) Space-filling model (c) Phospholipid symbol {d) Phospholipid bilayer
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Steroids
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Steroids are lipids characterised by a carbon skeleton consisting of four fused rings.
Different steroids are distinguished by the particular chemical groups attached to this
ensemble of rings. Cholesterol, a type of steroid, is a crucial molecule in animals. It is a
common component of animal cell membranes and is also the precursor from which
other steroids, such as the vertebrate sex hormones, are synthesised. In vertebrates,
cholesterol is synthesised in the liver and is also obtained from the diet. A high level of
cholesterol in the blood may contribute to atherosclerosis.

Cholesterol, a steroid. Cholesterol is the molecule from which other steroids, including the sex hormones, are synthesised

Steroids vary in the chemical groups attached to their four interconnected rings (shown in gold).
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1) triglyceride contains:

Ans : three fatty acids chain and one glycerol molecule

2)Phospholipids are Hydrophobic because of:

A)Cholesterol




B)Hydrocarbons

C)Carbohydrates
D)integral proteins

E)None of the above

Ans:B

3)wrong about unsaturated fats :

A) they form a double bond

B)they are found in animals like cows

C) they can join glycerol to form fat molecule
D) found in plant oils

Ans:B

4) A saturated fatty acid contains more ———

fatty acid

A) Carbon B) Oxygen
D)Phosphate E) Hydrogen
Ans:E

5) vertebrates sex hormones are:
A) steroids

B) proteins

—- atoms than unsaturated

C) Nitrogen




C) sugars

D) fats

Ans:A
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Concept 5.4:

Proteins include a diversity of structures,

resulting in a wide range of functions.
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Functions of Proteins:

Enzymatic proteins

Function: Selective acceleration of chemical reactions

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

Transport proteins

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.

Transport
protein
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Defensive proteins

Function: Protection against disease
Example: Antibodies inactivate and help destroy viruses and bacteria.

Antibodies

Virus Bacterium
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Storage proteins

Function: Storage of amino acids
Examples: Casein, the protein of milk, is the major source of amino
acids for baby mammals. Plants have storage proteins in their seeds.

Ovalbumin is the protein of egg white, used as an amino acid source
for the developing embryo.

@
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Ovalbumin Amino acids
for embryo

Hormonal proteins

Function: Coordination of an organism’s activities

Example: Insulin, a hormone secreted by the pancreas, causes other
tissues to take up glucose, thus regulating blood sugar concentration.
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7 blood sugar secreted blood sugar

Receptor proteins

Function: Response of cell to chemical stimuli

Example: Receptors built into the membrane of a nerve cell detect
signaling molecules released by other nerve cells.

0 a ‘/Receptor protein
) 0 g% o
o ° ° o
Signaling moleculesé..-—; >

Contractile and motor proteins

Function: Movement

Examples: Motor proteins are responsible for the undulations of cilia
and flagella. Actin and myosin proteins are responsible for the contrac-
tion of muscles.
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Structural proteins P Sy oy

Function: Support alew! dauds ol
Examples: Keratin is the protein of hair, horns, feathers, and other skin

appendages. Insects and spiders use silk fibers to make their cocoons 29al Ty Gally Ogyally yaddl § oSl -1 kel
and webs, respectively. Collagen and elastin proteins provide a fibrous 2 8l oo ol &3]

framework in animal connective tissues.
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Amino Acids (Monomers)

All amino acids share a common structure. An amino acid is an organic molecule
with both an amino group and a carboxyl group (see Figure); the small figure shows
the general formula for an amino acid. At the centre of the amino acid is an
asymmetric carbon atom called the alpha (a) carbon. Its four different partners are an
amino group, a carboxyl group, a hydrogen atom, and a variable group symbolized by
R. The R group, also called the side chain, differs with each amino acid.
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COOH / NH2 / alpha carbon/ hydrogen atom
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The R group may be as simple as a hydrogen atom, or it may be a carbon skeleton with
various functional groups attached. The physical and chemical properties of the side

chain determine the unique characteristics of a particular amino acid, thus affecting its
functional role in a polypeptide.
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Which of the following isn’t similar (isn’t common) between all amino acids?
A - hydrogen atom
B - hydroxyl group
C - carboxyl group
D - amine group

E - alpha carbon
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The amino acids are grouped according to the properties of their side chains. One
group consists of amino acids with nonpolar side chains, which are hydrophobic.
Another group consists of amino acids with polar side chains, which are hydrophilic.
Acidic amino acids have side chains that are generally negative in charge due to the
presence of a carboxyl group, which is usually dissociated (ionized) at cellular PH.
Basic amino acids have amino groups in their side chains that are generally positive in
charge. (The terms acidic and basic in this context refer only to groups in the side
chains because all amino acids—as monomers—have carboxyl groups and amino
groups.) Because they are charged, acidic and basic side chains are also hydrophilic.
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The three-letter and one-letter abbreviations for the amino acids are in parentheses.

All of the amino acids used in proteins are L enantiomers Jad> dlose)l W 1glad> LWidwe

Side chain (R group) Side chain (R group)

« carbon o carbon
Non-ionized lonized
generic — generic
amino acid amino acid
Amino Carboxyl Amino Carboxyl
group group group group

Polar side chains; hydrophilic

Since gysteine is only weakly
polar, it is sometimes classified
as a nonpolar amino acid. I

Serine Threonine Cysteine Tymsme Asparagme Glutamine
(Seror§) (ThrorT) (Cysor Q) (TyrorY) (Asn or N) (Glnor Q)

MNonpolar side chains; hydrophobic _
' CH, CH GH;
Side chain B \3 3 |
H
(R groum\ _‘ CH3 c:|-|3 C 2
Glycine Alanine Valine Leucine Isoleucine
(Gly or G) (Ala or A) (Val or V) (Leu or L} (Ile or I)
NH
Methionine Phenylalanine Tryptophan Proline
(Met or M) (Phe or F) (Trp or W) (Pro or P)




Electrically charged side chains; hydrophilic . .
Basic (positively charged)
I
Acidic (negatively charged) NH,* C=NH,*
\
I"‘IH
CH i
2 s
(e NH
H, s
| |
—0 H:,,N"—C\—("T—O‘ H3N+—C|—ﬁ—0‘
0] H O
Aspartic acid Glutamic acid Lysine Arginine Histidine
(Asp or D) (Glu or E) (Lys or K) (Arg or R) (His or H)

Polypeptides (Amino Acid Polymers)

Now that we have learned about amino acids, let’s see how they are linked to form

SO (Cuow 9o 90k2) polymers (Figure below). When two amino acids are positioned
that the carboxyl group of one is adjacent to the amino group of the other, they can
become joined by a dehydration reaction with the removal of a water molecule.

il Jelaii-dehydration reaction

sbo ¢$3=>-!Water molecule

The resulting covalent bond is called a peptide bond. Repeated over and over, this
process yield (@w) a polypeptide, a polymer of many amino acids linked by peptide
bonds. You’ll learn more about how cells synthesize euaS polypeptides in Concept
17.4 in chapter 17.

The repeating sequence of atoms highlighted in purple in figure below is called the
polypeptide backbone. Extending from this backbone are the different side chains (R
groups) of the amino acids. Polypeptides range in length from a few amino acids to
1,000 or more. Each specific polypeptide has a unique linear sequence of amino acids.
Note that one end of the polypeptide chain has a free amino group (the N-terminus of
the polypeptide), while the opposite end has a free carboxyl (C — terminus of the
polypeptide) .............. (terminus : g 9l Byb).
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The specific activities of proteins result from their intricate three-dimensional
architecture

e A functional protein consists of one or more polypeptides precisely twisted, folded,
and coiled

into a unique shape oo S5,
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The sequence of amino acids determines a protein’s three-dimensional structure

A protein’s structure determines how it works.

The function of a protein usually depends on its ability to recognize and bind other
molecules.
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Now we use some structural models &Sy z3k3 by computers data to illustrate (z4)
the study of proteins for teaching purposes el o2V,

But these models is just suggested models from people, it isn’t depict y3sa3 Y the
protein as real as it is. Examples of these models:
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Target molecule

Space-filling model: Emphasizes
the overall globular shape. Shows
all the atoms of the protein
(except hydrogen), which are
color-coded: gray = carbon,

red = oxygen, blue = nitrogen,
and yellow = sulfur.

Ribbon model: Shows only
the polypeptide backbone,
emphasizing how it folds

and coils to form a 3-D
shape, in this case stabilized
by disulfide bridges (yellow lines).

:space-filling &1, Wl z3 gl

:Ribbon model _as &l 739041

Wireframe model (blue):
Shows the polypeptide backbone
with side chains extending from
it. A ribbon model (purple) is
superimposed on the wireframe
model. The bacterial target
molecule (yellow) is bound.

) Wireframe model ($dull zz3 g0l
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It isn‘t always necessary to use a detailed computer model; simplified diagrams are
useful when the focus of the figure JX&J! is on the function of the protein, not the
structure.

Pancreas cell
secreting

& & insuin (4
-G

A simple shape is used here to
represent a generic enzyme
because the diagram focuses on
enzyme action in general.

" e

When structural
details are not
needed, a solid
shape can be used.

A transparent shape
is drawn around the
contours of a ribbon
model of the protein
rhodopsin, showing
the shape of the
molecule as well as
some internal details.

Sometimes a protein
is represented simply
as a dot, as shown
here for insulin

2. Draw a simple version of lysozyme that shows its
overall shape, based on the molecular models in
the top section of the figure.

3. Why is it unnecessary
to show the actual
shape of insulin here?

Transparent : s 5 Calad/ contours: &>« / rhodopsin: duee & Jeary cpall (B 05 2
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external %/ generic (e

Four Levels of Protein Structure dasy¥ ¢uig il CuSys Cibgius

1) The primary structure of a protein is its unique sequence of amino acids.

2) Secondary structure, found in most proteins, consists of coils and folds in the
polypeptide chain.

3) Tertiary structure is determined by interactions among various side chains (R
groups).

4) Quaternary structure results when a protein consists of multiple polypeptide
chains.
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1) The primary structure

.- is its sequence of amino acids, its like the order of letters in a long word

- Primary structure is determined by inherited genetic Information.

Primary Structure
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2) Secondary structure

The coils and folds of secondary structure result from hydrogen bonds between
repeating constituents of the polypeptide backbone.

e Typical secondary structures are a coil called a helix and a folded structure called a B
pleated sheets.
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Secondary Structure
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B pleated sheet

3) Tertiary structure

- the overall shape of a polypeptide, results from interactions between R groups,
rather than interactions between backbone constituents.

- These interactions include hydrogen bonds, ionic bonds, hydrophobic interactions,
van der Waals interactions.

- Strong covalent bonds called disulfide bridges may reinforce the protein’s structure.
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4) Quaternary structure

- 89l S5 g

results when two or more polypeptide chains form one macromolecule.
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Important examples:




1) Collagenis a fibrous protein consisting of three identical polypeptides coiled like
arope.

2) Hemoglobin is a globular protein consisting of four polypeptides: two a and two
B subunits.
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Hemoglobin is not functional unless all
four chains are assembled

Quaternary structure must be
formed for hemoglobin to be
functional

fofus Hhawan (odit).
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Sickle-Cell Disease: A change in primary structure.

-A slight change in primary structure can affect a protein’s structure and ability to
function.




-Sickle-cell disease, an inherited blood disorder, results from a single amino acid
substitution in the protein hemoglobin.

-The abnormal hemoglobin molecules cause the red blood cells to aggregate into

chains and to deform & (§ s ) iz into a sickle shape.
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carries oxygen.
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carry oxygen
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Red Blood Cell
Shape

What determines protein structure?

- In addition to primary structure, physical and chemical conditions can affect

structure.




- Alterations in pH, salt concentration, temperature, or other environmental factors
can cause a protein to unravel (b dwlalb i) SSaig Jouiy

- This loss of a protein’s native structureL",&o;)" —SAl s called denaturation <Saul,

- A denatured protein is biologically inactive.

- Denaturation occurs when proteins are placed in nonpolar solvent, they refold so
hydrophpic parts faced outside instead of inside.
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Protein folding in the cell




- It is hard to predict a protein’s structure from its primary structure.

- Most proteins probably go through several stages on their way to a stable structure.

- Diseases such as Alzheimer’s, Parkinson’s, mad cow disease and cystic fibrosis are
associated with misfolded proteins.
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Scientists use X-ray crystallography to determine a protein’s structure.

Another method is nuclear magnetic resonance (NMR) spectroscopy, which does not
require protein crystallization.

Bioinformatics is another approach to prediction of protein structure from amino acid
sequences.
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1)Which level of protein organization is due to interactions between amino acid side
chain groups?

a-primary
b-secondary
c-tertiary
d-quaternary

ans:c

2) Which is false about proteins?

a. protein’s specific structure determines how it works




b. functional protein is not just a polypeptide chain

c. the bond linking amino acids is non covalent
d. polypeptide backbone is the same in all polypeptides

e. the R group of amino acid monomers differs from one amino acid to another

ans:c

3)Alpha helix of proteins presents:
a. primary

b. secondary

c. tertiary

d. quaternary

e. all of them

ans:b

4) Hemoglobin presents:
a. primary

b. secondary

c. tertiary

d. quaternary

e. all of them




ans:d

5) Ovalbumin is an example of:
a. transport protein

b. storage protein

c. hormonal protein

d. enzymatic protein

e. none of the above

ans:b

6)In sickle cell anemia, valine is substituted for(J! Jiiug):eSow! () W glad>|

a.glutamine
b.glutamic acid
c-glycine

d-lysine

ans:b

7) Which statement is false about polypeptides:
a. branched polymers
b. contain peptide bonds

c. differs in amino acid sequence




d. synthesized by dehydration reaction

ans:a
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: o Concept 5.5:
N
QQ/\B‘ Nucleic acids store, transmit,

and help express hereditary information
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-The amino acid sequence of a polypeptide is programmed by a unit of
inheritance called a gene.

- Genes consist of DNA, a nucleic acid made of monomers called nucleotides.
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There are two types of nucleic acids:
1) Deoxyribonucleic acid (DNA)
2) Ribonucleic acid (RNA)

- DNA provides directions for its own replication.

- DNA directs synthesis of messenger RNA (mMRNA) and, through mRNA,
controls protein synthesis.

-This process is called gene expression

Each gene along a DNA molecule directs synthesis of a messenger RNA
(MRNA)

e The mRNA molecule interacts with the cell’s protein synthesizing
machinery to direct production of a polypeptide.

e The flow of genetic information can be summarized as DNA — RNA —
protein.
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In DNA, the sugar is deoxyribose; in RNA, the sugar is ribose.
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The Components of Nucleic Acids
- Nucleic acids are polymers called polynucleotides.
- Each polynucleotide is made of monomers called nucleotides.

- Each nucleotide consists of a nitrogenous base, a pentose sugar, and one
or more phosphate groups.




- The portion of a nucleotide without the phosphate group is called a
nucleoside.
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Nucleoside = nitrogenous base + sugar

Nucleotide = nucleoside + phosphate group
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There are two families of nitrogenous bases

have a single six-membered e Pyrimidines (cytosine, thymine, and uracil)
.ring

e Purines (adenine and guanine) have a six-membered ring fused to a five-
membered ring.
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Nucleotide Polymers

- Nucleotides are linked together by a phosphodiester linkage to build a
polynucleotide.

- A phosphodiester linkage consists of a phosphate group that links the sugars of
two nucleotides.

-These links create a backbone of sugar-phosphate units with nitrogenous bases
as appendages.

-The sequence of bases along a DNA or mRNA polymer is unique for each gene
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(a) Polynucleotide, or nucleic acid
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The Structures of DNA and RNA Molecules

- DNA molecules have two polynucleotides spiraling around an imaginary axis, forming a

double helix.

- The backbones run in opposite 5 - 3’ directions from each other, an arrangement

referred to as antiparallel.

- One DNA molecule includes many genes.
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Only certain bases in DNA pair up and form hydrogen bonds: adenine (A) always with
thymine (T), and guanine (G) always with cytosine (C).

® This is called complementary base pairing.

e This feature of DNA structure makes it possible to generate two identical copies of
each DNA molecule in a cell preparing to divide.
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e Complementary pairing can also occur between two RNA molecules or
between parts of the same molecule.

e In RNA, thymine is replaced by uracil (U), so A and U pair.

e RNA, in contrast to DNA, is single-stranded.

e \While DNA always exists as a double helix, RNA molecules are more variable

in form.
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Hydrogen bonds
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(b) Transfer RNA
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If we have a DNA molecule that contains 120 nucleotides pairs (pair z9) ), and it contains
40 guanine molecules, calculate number of adenine molecules?
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1)In a double-stranded DNA molecule, phosphodiester linkage consists of a

phosphate group that links:

a. cytosine to guanine

b. the sugars of two nucleotides
c. thymine to adenine

d. ribose to a nitrogenous base

e. deoxyribose to a nitrogenous base

ans:b

2) DNA & RNA:

a. are polymers

b. are not macromolecules
C. contain hexoses

d. consist of the same 4 nitrogenous bases

ans:a

3) Which of the following contain an ester bond:




a. DNA

b. RNA

c. fats

d. DNA & RNA

e. DNA & RNA & fats

ans:.e
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