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to form one more single bond to a hydrogen atom. The right-
hand carbon atom forms a single bond with the central
carbon and has the capacity for three more single bonds.
The total number of hydrogen atomsis 2 + 1 + 3 = 6,

choice B.

Carbon’s unique structure allows the formation of -
macromolecules, large, complex molecules such as lipids,
carbohydrates, proteins, and nucleic acids.

Lipids: Fats and Qils

Lipids include fats, oils, waxes, and sterols (such as cholesterol).
Fats and oils share the same basic structure: fatty acid “tails”
connected to a single ghycerol molecule. A fatty acid is a long chain
of carbon atoms connected to each other by single or double
bonds. Lipids consist almost entirely of carbon and hydrogen atoms,

with very few oxygen atoms.
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This lipid n.lolecu_le consists of glycerol attached to three
fatty acid chains. Note the difference between the
saturated and the unsaturated fatty acids.
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Macromolecules are large
complex molecules made ;f
chains of smaller molecules

Because lipids are nonpolar
molecules, they are not
soluble in water.

In fats and oils, a single
glycerol molecule is
attached to three long
fatty acid chains. Because
they are not made up of
repeating subunits, lipids
are not considered
polymers.
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Fatty acids may be saturated or yps
4cid, the carbon atoms have the maximum nump i
er
(and hydrogen atoms). An unsaturateq fatty acid ha: i single bonds
maximum number of bonds. That is_it ewer than the

Lipids have the following importa
o Energy storage—Organisms

molecules to lipids for long-term

> : : ) storage. F
body’s adipose tissue is made upiaf Céglls w?tl’hexample, your
compartments that store lipids, special

¢ Cell membranes—Phos

nt functions:

Pholipids help to f
and organelle membranes of the ce]]. K ;hoosgflllcl)ﬁgiglasma

contains a polar phosphate group attacheq to glycerol

¢ Insulation and protection—Fats help to insulate the body

and provide vital cushioning to major organs. Waxes coat and
protect some organisms.

¢ Chemical messengers—Another class of lipids, the sterols,
act as chemical messengers or hormones, Cholesterol is the

basic molecule from which estrogen, progesterone, and
testosterone are made.

A double bond causes a fatty acid chain to kink or bend. This
makes the lipid more likely to melt at room temperature.

Explain whether fats (solids at room temperature) or oils (liquid)
are more likely to have saturated fatty acids.

While a saturated fatty acid chain is straight, an unsaturated
fatty acid chain has a double bond, which causes it to bend.
This makes it more difficult for the lipid to take on a rigid,
tightly packed, solid form. Since fats tend to be solid at
room temperature, they are more likely to have fully
saturated fatty acids. Oils tend to have unsaturated fatty
acids.

has one or more double bonds.

O

Fats and oils provide

9 Calories of energy per
gram. Unsaturated fats are
thought to be healthier
than saturated fats.

Adipose tissue is the tissue
found in your body that
helps to store “fat.”

Some insects have a waxy
coating to keep them from
getting wet in rainy
weather. Plant leaves have
a waxy cuticle to prevent
water loss.

Sterols are lipid molecules
that act as chemical
messengers within your
body.

Scanned with CamScanner



Phospholipids
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acid chains make up the no
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A phospholipid molecule ¢

I
HEE CH—CH, Glycerol
I

Nonpolar
fatty acid

tail

onsists of a

polar “head” region and a nonpolar “tail.”

The plasma membrane is made up of a phospholipid bilayer, or
two sheets of phospholipids. Given the structure of a
phospholipid, how are these sheets arranged in the plasma

membrane?

Plasma membrane

Exterior of cell (

?

J Cytoplasm

A headetail—headsetail
B headetail—tailehead
C tailehead—tailehead
D tailehead—headetail

Both the exterior of the cell and the cytoplasm are water
solutions. Therefore, the polar phosphate “heads” will be
oriented toward the outer sides of the membrane. The
nonpolar, hydrophobic fatty acid “tails” will be on the inside
of the membrane, away from water. Choice B is correct.
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carbohydrates

Carbohydrates consist of carbo
1:2:1 ratio. Glucose, the compound
simplest type of carbohydrate, a m
with six carbon atoms all have the
carbon and oxygen atoms often fo
Monosaccharides also include the

n, hydrogen, and oxygen, in a
used by cells for energy, is the
onosaccharide. Monosaccharides
molecular formula CeH,,O. The
rm the basic structure, a ring.
Isomers fructose and galactose.
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Glucose and fructose are six-carbon monosaccharides.

The table sugar you're familiar with is a disaccharide called
sucrose. Disaccharides consist of two monosaccharides joined in a

double-ring structure. In the case of sucrose, the monosaccharides
are glucose and fructose.

Polysaccharides

Small organic molecules such as monosaccharides may be
linked up in chains of many hundreds to create much larger
macromolecules. These basic building block units are monomers,
and they join together to form large polymers. Glucose is an
important monomer. Many glucose molecules link together to form
polysaccharides, such as starch, glycogen, and cellulose.

Starch is a complex carbohydrate produced by plants to store
energy. Starch molecules may be extremely long, straight chains of

glucose, or chains with multiple branches. Sources of starch include

wheat, rice, and potatoes.

Glycogen is the human body’s equivalent of starch, found in the
liver and muscles. Glycogen is broken down into glucose when
energy is required. It is more highly branching than plant starch,
and forms around a central kernel of protein.

Cellulose is a structural carbohydrate that makes up plant cell
walls. It functions to strengthen and support the plant cell. This
polysaccharide can be broken down by very few organisms.

UNIT 2 The Chemical Basis for Life
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A carbohydrate is a
macromolecule made of
carbon, hydrogen, and
oxygen, that cells use for
energy.

A gram of carbohydrate
provides 4 Calories of
energy.

Carbohydrates contain
proportionally more
oxygen than lipids do. The
generic formula for a
monosaccharide is C,H,,0,.

Isomers have the same
molecular formula but
different arrangements of
atoms.

Two monosaccharides join
to form a disaccharide.

Monomers are smaller
building block molecules
that combine through
chemical reactions to form
large polymers.

Polysaccharides include
glycogen, starch, and
cellulose. Glycogen has
chains that branch off in
many directions, while
starch is more linear.
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Compare 100 Calories’ worth of table sugar and 100 Calo

worth of baked potato.

accharide while potato consists of a

Table sugar is a dis e e i ave

polysaccharide, starch. Starch :
similar in that they are composed of monosaccharides. Both

contain glucose, although table sugar also cc.)ntains fructose.
Both are carbohydrates and provide 4 Calories per gram.
Both consist of the elements carbon, hydrogen, and oxygen.

Reactions That Make or Break

Macromolecules

In organisms, specific chemical reactions join monomers
together and break polymers apart. The first is called dehydration
synthesis, and it occurs when two monomers join together. For
monosaccharides, two —~OH groups join together, losing two
hydrogen atoms and one oxygen atom. The two monomers are now
linked and one molecule of water (H,0) is created. Multiple rounds
of dehydration synthesis create large macromolecules from small
monomers. This reaction also joins fatty acids to a glycerol
molecule, which has three —OH groups.

Glucose —
CH,OH CH,OH
®
H/H R H & H
S OH H
H,0
Sucrose
CH,OH CH,OH
H/H Q H () H
HO 0 CHIOH
H  OH OH H

Dehydr?tlon synthesis produces sucrose from glucose and
ructose. It also produces a water molecule

» R

Because of hoy t
monomers are “nkeg Utgg
cellulose is not diges
by most animals, 4 is\ble
therefore a googq ;
indigestible fiber ;
diet.

ourte
)
n the t

Dehydration synthesis joins
monomers together to
form large polymers. Water
is produced as a by-product
of the reaction. Some
textbooks call this a
condensation reaction.

In these diagrams, the
carbon atoms are not all
labeled. They also occur at
any unlabeled angles
between straight lines.

UNIT 2 The Chemical Basis '
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When organisms need to break down polymers into monomers

they use a chemical reaction called hydrolysis. A molecule of water

is used to add back the ~OH group and hydrogen atom to the
monomers. As a result, the chemical bond between the monomers
i broken. Hydrolysis is the reverse of dehydration synthesis.

Sucrose

CH,OH CH,OH
H/A AH T
HOGEEY \o CHEOH

H OH OH H

H,0
Glucose Fructose
CH,0H CH,OH
HO\PH H/OH 8O CH,0H

H OH OH H

Water is required for the hydrolysis of sucrose.

In a cell, 132 glucose monomers are joined to form a straight
chain of starch. Explain how the number of water molecules
changes.

Dehydration synthesis joins monomers together to form
polymers, producing water. If 132 monomers are joined, the
dehydration synthesis reaction must occur 131 times.
Therefore, 131 new water molecules form.

-

Hydrolysis reactions break
down polymers into smaller
monomers. The root term
hydro means “water” and
lysis means “to loosen or
release.”
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double bonds the carbon atom may yet form?
C 3

A1
D 4

B 2
Which of the following types of compounds is unlike the other three?

A wax

B saturated fat
C phospholipid
D polysaccharide

Which of the following is not created as a result of dehydration synthesis?
A cellulose

B disaccharide

C glucose

D water

The diagram sh
OWs a molecyla v
COrrecﬂy dESCribes th Cule with regions
€ molecyle? Numbered 1 and 2. Wh;
’ - Which statement

A Region 1 is COMposed ¢
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5 Lipids, such as fats and oils, play important roles in living organisms. Carbohydrates also
carry out essential functions in living things.

A Describe the general structure of a fat or oil molecule.

B Describe how the structures of fats and oils differ from the structure of
carbohydrates.

C Describe how a function of fats and oils is similar to a function of carbohydrates.

R -
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