All life is made of molecules,
which are made of atoms

Every living organism is, ata fundamental level, a chemical system. Interactions
among basic chemical ingredients drive all of life’s processes. Viewed this way, you
are just a big watery bag of chemicals undergoing countless reactions. Therefore,
knowledge of basic chemistry, the scientific study of matter, is necessary to

understand many important biological concepts.

MATTER, ATOMS, AND MOLECULES

Every object in the universe—all the “gtuff” around you—is composed of
matter, defined as anything that occupies space and has mass (substance). All
matter consists of atoms, the smallest units that retain all of the properties of
their type of matter. In nature, atoms are not often found in isolation. Instead,
atoms are usually bonded to each other to form molecules. On Earth, matter
can be in the form of a gas, liquid, or solid, referred to as the three phases of
matter. An example of each phase can be seen in these three familiar molecules.

GAS LIQUID SOLID
Acetic acid gives vinegar its
sharp taste.

Common table sugar is made

Propane gas is used in backyard grills.
up of sucrose.
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LEMENTS AND COMPOUNDS

| matter is composed of individual elements, substances that cannot be broken down

0 other substances by chemical reactions. The Periodic Table of the Elements is a | Adeadly gas (chlorine)
t of all known elements. Familiar examples include hydrogen, carbon, uranium, and = and an explosiye solid
d. Although elements are occasionally found by themselves—neon gas that lights up (SOd'U”?) combme to f?”“
ign, for example, is just a collection of neon atoms—they more often combine to form ahtlas'% mgridﬁnt. Sl?(d'“m
mpounds, substances with two or more elements in a fixed ratio. CHIRRAS Q- ToRiRGlG
)DIUM CHLORIDE

e AL Atoms of

@ $odlum ﬂ»ﬂ chlorine

ement: sodium, Element: chlorine, Compound: sodium
netal agas chloride (table salt)

1EMICAL REACTIONS

e composition of living matter is constantly changing through chemical reactions. During
hemical reaction, atoms remain whole, but they are swapped as molecules are broken down

d built up. Chemical reactions are written with the reactants (starting matter) on the left and
 products (ending matter) on the right. The arrow between the reactants and the products
resents one or more chemical reactions. Notice that chemical reactions rearrange atoms, but
ms are never created nor destroyed. (Add up and compare the number of each type of atom
he reactants versus the products to verify this yourself.) This particular series of chemical
ctions, called cellular respiration, uses oxygen gas and a sugar called glucose to provide

rgy to your living cells, releasing water and carbon dioxide as by-products.
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(eH,06 6 02 b HZO 6 CO, ENERGY

GLUCOSE OXYGEN GAS WATER CARBON DIOXIDE

| |
REACTANTS PRODUCTS

RE IDEA

All matter consists of atoms, which are often bonded together into ? on molecgles of glucose ($6H1f205) cats
s o . : combine to produce one molecule of water an

lecules. Individual eIemgnts combine in a fixed ratio to form gompounds. ovie of ialtase. Remembering hat 00 afore aré

ctants are transformed into products through chemical reactions. created or destroyed, write this reaction.
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THE PERIODIC TABLE OF THE ELEMENTS

The periodic table of the elements lists all of the

chemical elements, ordered by atomic number. Each
rtant information

entry in the table provides impo
about one element. In this table, we use colors to
highlight the 25 elements that are essential to life.
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ELEMENTS ESSENTIAL TO LIFE

Four of the 92 naturally occurring elements make up the vast majority of
matter within living organisms. Another 7 elements account for much of the

remaining mass. Finally, 14 trace elements are present in very tiny amounts,
but cells cannot survive without them.

96.3% L=

Carbon 18.5% Hydrogen 9.5%

Your body contains

only 0.0002 ounces of
molybdenum, but too little
in your diet can cause
neurological damage.

Nitrogen 3.3%

Calcium 1.5%

\Phosphorus 1.0% Sulfur 0.3%

Potassium 0.4%

Magnesium 0.1%

Sodium 0.2%

Fourteen elements are trace elements, each required in miniscule amounts:

(ﬂ

Chromium

Cobalt

Fluorine

lodine

Selenium Silicon Tin

Vanadium

Zinc

CORE IDEA

@ All matter is composed of elements, which are listed in the Periodic Table by
atomic number. Of the 92 natural elements, only 25 are used by living cells. Of

these, four make up the bulk of the cell, seven are required in small quantities,
and 14 are required in only tiny amounts,

= Is a dietary supplement that contains gold
beneficial to your body?
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Atoms are composed of subatomic particles

All matter is composed of atoms. Atoms them selves are composed of even smaller subatomic particles.
Two of these particles (neutrons and protons) have about equal mass and are located in the nucleus at
the center of the atom. The number of protons in an atom determines the chemical element, differentiating
one element from another. Particles of the third type (electrons) have very little mass and orbit the nucleus
at high speeds. Electrons are not
found just anywhere around

the nucleus; they orbit at
specific locations
called electron
shells.

NUCLEUS ATOM

PROTON

NEUTRON

ELECTRON

NITROGEN ATOM

7 Neutrons
7 Electrons

SUBATOMIC PARTICLES

ATOM OF NITROGEN PARTICLE MASS  CHARGE

This model shows the subatomic structure of an atom of nitrogen, with

protons and neutrons in the central nucleus and individual fast-moving L
electrons forming an electron cloud around the nucleus. Electrons orbit the NEUTRON
nucleus within specific regions called electron shells. Notice that this atom

has two electrons in the inner shell and five electrons in an outer shell. The ELECTRON. o o
electrons in the outer shell m ay interact with the electrons of other atoms, Electrons determine jon.

determining how this atom will participate in chemical bonds. e e o



NITROGEN-15 ISOTOPE

This model shows the subatomic structure
of the most common isotope of nitrogen: nitrogen-15, i E
which can alternately be written as “N-15” or “!1°N.” '
Because protons determine the identity of the element,
all forms of nitrogen have 7 protons. Isotopes of
the same element vary in the number of neutrons
and are named according to atomic mass.

For example, the “15” in the name “nitrogen-15”
refers to its atomic mass: 7 protons plus 8
neutrons equals a mass of 15. In contrast,

the isotope nitrogen-13 has 7 protons and

6 neutrons, for an atomic mass of 13.

N-15 has one extra
neutron compared to
a standard atom of
nitrogen.

-

J Some isotopes are radioactive but have
= beneficial uses—fluorine-18, for example,

can be used to detect defects in the brain.

NITROGEN-15 ISOTOPE

Neutrons

7 Electrons

NITROGEN ION

iis model shows the subatomic structure
fa common ion of nitrogen: N*. Tons vary

the number of electrons in the electron

ud. Atoms are neutrally charged (with
e same number of protons as electrons),

tions carry a charge. The name of

> jon indicates its total charge, with

e extra negative charge for each extra
ectron, or one extra positive charge for

h missing electron. For example, N

ries three extra electrons.

N3~ has three extra
electrons compared
.10 a standard atom of
nitrogen.

NITROGEN ION

7 Neutrons

10 Electrons

“ORE IDEA

All atoms are composed of protons, neutrons, and electrons. ? Carbon always has six protons. How many

i : neutrons and electrons are there in a neutrally
e number of protons determines the element; the number of neutrons charged G isctops?

Etermines the isotope; and the number of electrons determines the ion
g=te and bonding properties.
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The structure of water gives e e v o i

it unique properties

All life depends on water. In fact, life first appeared in water and evolved there for
billions of years before moving onto land. Additionally, nearly all cells are, by
weight, mostly water. What is it about water that makes it so central to life? Water
has special properties that are a consequence of its unique chemical structure.

HYDROGEN BONDING IN WATER .

= Hydrogen =
) bond ()
between
water
molecules

___________

Unequal sharing
of electrons
Water molecule

Water molecule

For each O—H bond in a molecule of water, one pair of electrons is shared between the two
atoms. But this sharing is unequal: The electrons are more attracted to the O nucleus than
are to the H nucleus. As a result, water is a polar (unequally charged) molecule, with a slightl
negative charge on its oxygen and slightly positive charges on its hydrogens. This allows a
molecule of water to form hydrogen bonds with one or several other water molecules. Liquid
water contains extensive networks of hydrogen bonds between the individual molecules.

ICE FLOATING Short-lived Hydrogen bonds ‘ Long-lasting

hydrogen bond hydrogen bond

In its liquid state, each
n its liquid state, eac e Vo

water molecule forms
hydrogen bonds to several others, ?
but these bonds are temporary. '
Hydrogen bonds continuously form
and break, allowing water molecules

to jostle about in the liquid form.

When water molecules freeze, they
move apart, forming a rigid network of
long-lasting hydrogen bonds. It is as if
each water molecule holds all others

at “arm’s length.” Thus, unlike nearly
every other liquid, water expands when
it freezes, making solid ice less dense
than liquid water. As a result, ice floats.

Solid ice: water molecules
held farther apart

Liquid water: water
molecules jostling closely

This is extremely biologically relevant: oS 5 % .
During winter, a thin layer of floating P Je.
ice insulates the water below the - -
surface, allowing life to survive until 5 ®
the spring thaw. . ) 3% X
2 ¢ 'f ‘\‘ o ‘\




WATER AS A SOLVENT

Many liquids can act as a solvent, a dissolving Cloride ion in
agent, to form a mixture called a solution. Due to solution
its polar structure, water is an extremely effective
solvent, able to dissolve just
about anything. In a glass

of salt water, for example,
water molecules surround
sodium and chloride ions,
causing them to break free of
the salt crystal and dissolve

Sodium ion
/ in solution

.
-
: Salt crystal
A
4 TEMPERATURE REGULATION
! Liquid water readily absorbs and
i' releases heat. Water therefore resists
. temperature changes more than
4 most substances. The presence of
l‘ water can thereby act to moderate
. temperatures. On a global scale, the
4 oceans help moderate the temperature
of Earth’s surface, keeping it within
a livable range. On a more personal
scale, sweating helps moderate your
In 2018, scientists temperature by cooling off your skin.
discovered an
underground Martian
lake beneath a glacier
near the red planet’s
south pole.
COHESION AND ADHESION
Due to hydrogen bonding, water
molecules tend to stick to each ; S T M AN :
other, a property called cohesion. i ’_ e 5 e T
The cumulative effect of all these . - L SR e
hydrogen bonds is to create surface L < ¥ e oL
tension, a film-like surface on which ' . - ' - *
. items (such as this spider) can be i
suspended. Adhesion, the clinging -
of one substance to another, causes o ]
water to stick to surfaces, such as rain . o N
droplets on a car windshield. ..y (%8

CORE IDEA

. The polar nature of water molecules allows them to form networks 2 What force allows a *water walker” Insect to
of hydrogen bonds. This special ability endows water with many et

life-supporting properties.
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pH is a measure of-the acidity of a solution

that maintain life occur in water. An agueous solution is one that

n water. Within any agqueous solution, a small percentage of the water
molecules break apart into hydrogen ions (H") and hydroxide ions (OH). Additionally, substances
dissolved in water may also add H" ions to the solution. The concentration of Ht ions in an aqueous
solution determines its pH. The pH scale runs from O (most acidic) to 14 (most basic), with 7 as neutral.
Fach number in the pH scale represents a tenfold change in H* ion concentration.

Most of the chemical reactions
contains a substance dissolved i

S
-l
v Human
purified water (7.0) blood (7.4)

Strawberries (3.5)

Tomatoes (4.6)

Lemon juice (2.4)

Battery acid (1.0)

AtpH7,
H* concentration equals
OH™ concentration

Black coffee (5.0) Cow's milk (6.4)

ACIDS

Anacidisa chemical th
releases H' ions. For examp

at, when dissolved in water,

le, your stomach contains
ric acid, HCL. In solution, it tends to break

L+ and CI~. Acids have a pH between O and 7.

hydrochlo
apart into

Stomach acid is strong enough
to dissolve iron nails.

ACID PRECIPITATION

Burning fossil fuels releases chemicals
that react with water in the air to
form strong acids. As they fall back to
Earth in the form of snow, rain, or fog,
this acid precipitation damages lakes,
streams, forests, and soil. The U.S.
Clean Air Act has been effective
at reducing acid precipitation.




BUFFERS

Most cells regulate their pH through the use of buffers, chemicals that minimize
changes in pH by accepting H* ions when they are present in excess and donating
H* ions when they are in short supply. Within human blood and other fluids, there
are several different types of buffers that keep the body’s solutions at a nearly
neutral pH, despite changes in the concentration of H*. For example, buffers

within your blood counteract a drop in pH that occurs whenever you exercise. Contact lens
Buffers in contact lens solution helps protect the surface of the eye from potentially solution
painful changes in pH.

Household
Ammonia (11.6) bleach (12.6) Lye (13.0)

Lower H* concentrations

Baking soda (9.0) |

w— BASES
g AK'NG Abase is a chemical that, when dissolved in water, removes H" ions from

For example, lye is sodium hydroxide, NaOH. In water, the molecule
falls apart, and the released OH™ combines with H*, decreasing the
concentration of H ions in the solution. Bases have a pH between 7 and 14.

nn A solution, usually by combining them with OH- to form water molecules.

OCEAN ACIDIFICATION

As COq levels rise in the
atmosphere, about 25% of

the excess CO, is absorbed by

the oceans. As it dissolves, CO,
undergoes a chemical reaction that
lowers the pH of the ocean. This in
turn damages coral reefs and other
ecosystems by limiting the ability
of organisms to perform the
chemical reactions used to build
their skeletons or shells.

CORE IDEA

©» The concentration of H* ions in an aqueous solution determines the pH, th. I:IOV¥ doe;s t_?eH pH gf len:}c:nade Eafbare tof
from acidic (0 to 7) to neutral (7) to basic (7 to 14). Buffers can help reduce Hfignfco‘:’nap::é o el
changes in pH. pH changes in the environment can affect the health of sl ul veyy

SPBUOWS| Uf P3AosSIp Ble suoy | H a1} alow jey) buluesw ‘Hd
ecosystems.
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Life on Earth is based on carbon

Perhaps you have heard that all organisms on Earth are «carbon-based
life-forms.” That is because, besides water, most of the molecules \
that make up living matter are organic compounds, molecules that

contain carbon bonded to other elements. Why is life carbon-based and et C
not, say, nitrogen-based? Unlike other elements, carbon can bond with \

up to four other atoms. Carbon is therefore able to form large, highly
branched, diverse chains that can serve as the basic skeletons for a wide

variety of chemical compounds. Here, you can see a SUrvey of some of Asingle carbon
the many carbon compounds that are found in living matter. has folfg

CARBON SKELETONS

Every organic compound contains a skeleton of carbon atoms. Carbon skeletons
vary in length and branching pattern, and some fuse together to form rings.
Notice that each carbon atom forms four bonds to other atoms.

H H K /H
il Jet
L . W . o
H-—(\'-.,JC‘,—-—-C‘_‘_H H B H HAE |
| & : "
H H H | e C L HE 6
B R 1 PH
3-carbon skeleton ) H H H " c,/
(propane) H SN
Branched carbon skeleton
(isobutane)

Ring carbon skeleton
(cyclohexane)

FUNCTIONAL GROUPS

Every organic compound has a carbon skeleton, but most also contain one

or more functional groups, sets of atoms that are attached to the carbon
skeleton. Because functional groups participate in chemical reactions, they often
determine the overall properties of an organic compound. Here, you can see some
of the biologically important functional groups—-highlighted in color—and some
common molecules in which they are found.

HYDROXYL GROUP : AMINO GROUP . PHOSPHATE GROUP
h Y : H . : P s el o 0N
: o : Al il
| el e (R Jro—7 40400
: : \ ReEmwn
fen : H : R e e
Ethyl alcohol, also Amino acids like et
called ethanol, is found 3 this one are the Adenosine triphosphate (ATP)

\ in alcoholic drinks. basic building blocks provides energy to cells.

of all proteins.




I "Anapplea day keeps the
gically important organic molecules, There ® doctor away” refers to the
health benefits of cellylose
(fiber) in fresh fruits and
vegetables,

B

Cellulose is a large, complex Glucose is a sugar (a simple
carbohydrate that forms much of the carbohydrate) that acts as an energy
structure of a plant, source for all living cells.
S 4. oo
Cholesterol is a lipid that circulates
Coconut oil is 3 lipid that is rich in fat in the bloodstream and actsas a
and serves as an important dietary molecular ingredient to make
staple in much of the tropical world. steroid hormones.
PROTEINS
Hexokinase is an €nzyme, a protein Keratin is a structural protein found
that helps drive a chemical reaction, in hair, nails, and skin.
found in most living cells.
: <5 3 " P : : ) f N R . :
DNA is a nucleic acid that serves as RNA is a nucleic acid that acts as a
the hereditary material of all life on messenger between DNA and other
Earth. parts of the cell.
CORE IDEA

? What
ps attached. Classes of organic to form th

property of carbon makes it well suited
e basis of life’s molecules?
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CHAPTER 2 The Chemi

are polymers

The majority of your body weight is
water. Most of the rest consists of
macromolecules, large molecules
that can have complex structures.
Despite their complexity, the
structures of most macromolecules
are fairly straightforward since they
are made by repeating smaller building
blocks. Although the different
classes of macromolecules vary in
structure and function, they are

all built up and broken down via
gimilar chemical reactions.

PROTEIN-
RICH FOOD

Polymer
(proteinin
food)

&

i\::kx &
-

Drinking liquids while
eating provides the
water molecules
needed to drive i
hydrolysis reactions »
within your gut.

Most biological macromolecules

o aa d

\Water Longer polymer

HYDROLYSIS

REACTION
DEHYDRATION

SYNTHESIS
REACTION

—H +HOHE—H

Monomer

el % 2 a2 A
Shorter polymer

HYDROLYSIS REACTIONS

Most of the organic macromolecules in living cells

are polymers, large molecules made by joining man:
smaller molecules called monomers. Polymers can |
proken down into the monomers that make them up
hydrolysis reactions. During hydrolysis, a water It
is split, and its atoms are used to separate a monome
from the rest of the chain (see the dashed boxes in th

figure above).

" HYDROLYSIS REACTIONS o,

Wit ol O OHE

IN DIGESTIVE SYSTEM " “n_c—c i
| CH %
13

AMINO ACID MONOMERS ’
FROM FOOD PROTEIN




-

H
MRt 29 o SN T
T R T o
e S T iH/” | NOH
CHy  i----! - CHy
Amino acid Amino acid
DEHYDRATION
SYNTHESIS
REACTION HYDROLYSIS
REACTION
H O H H
S R T b
'H,O! + N—C—C—N—C—C
Pt |~ NOH
CH; CHs
Water Linked amino acids
METABOLISM

Your metabolism is the sum total of all the
chemical reactions that take place in your
body. Many important metabolic reactions
involve the breaking down and building

up of polymers. Your digestive system ~
breaks down the macromolecules you eat
(protein in peanut butter, for example) into
the monomers that make them up (in this
case amino acids, the building blocks of all
proteins). Your cells then use these monomer
building blocks to construct new polymers (by
building new muscle proteins, for example).

%

AMINO ACIDS MSn—C—E< o

Wh ens

L
MONOMERS TRANSPORTED “\N/C\’C\or\%;
THROUGH BODY VIA RO <1F
CIRCULATORY SYSTEM

CORE IDEA

% Macromolecules (large molecules) are often polymers made by joining
together monomers via dehydration synthesis reactions. Polymers can be

DEHYDRATION SYNTHESIS
REACTIONS IN MUSCLES

Mastering Biology
} WATCH the Guided Video Tour for this module

DEHYDRATION SYNTHESIS
REACTIONS

Monomers are linked together to form larger
polymers through a chemical reaction called
a dehydration synthesis reaction.

As each new monomer building block is
added to a chain, a hydrogen atom (H) from
one monomer and a hydroxyl group (OH)
from another monomer (see the dashed boxes
in the figure to the left) are removed, creating
anew chemical bond between the two
monomers and releasing a molecule of water
(H50). One molecule of water is released for
each monomer added to the chain. Notice
that a dehydration synthesis reaction (which
builds up polymers) is the opposite of a
hydrolysis reaction (which breaks down
polymers).

Polymer
(proteinin
human muscle)

= Why are the building-up reactions called
dehydration reactions?

broken down into the monomers that make them up via hydrolysis reactions.
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Carbohydrates are composed
of monosaccharides

Carbohydrates—commonly known as “carbs”—include sugars and large molecules made
from sugars. All carbohydrates are molecules constructed from one or more monosaccharides
(simple sugars). Carbohydrates are an important source of dietary energy for animals and a
key structural component of plants.

CHZOH

I
I

j“ : \/

| MONOSAC.CHARIDES B \OH ! / Nor

; Monosaccharides are

| the building blocks of L C',H :
carbohydrates. Every
carbohydrate consists of one CeH1206

\ 7 L |SOMERS—

or more monosaccharides.
Notice that two common
monosaccharides—glucose

Glucose, found in many

‘ and fructose—are isomers,
2 meaning they have the same
; numbers and kinds of atoms
but differ in the arrangement
of atoms.

DISACCHARIDES

foods including sports
drinks, is also administered
intravenously to trauma
victims and surgery
patients to provide a ready
source of energy.

Fructose, sometimes called fruit
sugar, is also found in honey.

A disaccharide is a double sugar formed by joining two monosaccharides through a dehydration synthesis
reaction. For example, when glucose and fructose combine to form sucrose, a molecule of water is released.
Notice that many sugars have names that end in the suffix “-ose,” making them easy to recognize on a food label.

1 T ey g e TS

ju

<L
o
N
Q

CHZO/ \
.H.o/ \H : /\CHZOH

I
OH H

B
|/ 'oH1+

|
H OH

Glucose: CgH,0¢ Fructose: CgH1,05¢
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Maltose: used for brewing
and in malted milk candy

CH20H

\/H

l |
OH H

l
H OH




POLYSACCHARIDES

A polysaccharide is a complex carbohydrate made by joining many monosaccharides

together into a long chain. Here you can see four familiar polysaccharides, all of which
are made from long chains of glucose monomers,

STARCH

Glucose monomer

Plants store some of the excess sugar they produce as
the polysaccharide starch, consisting of long, twisted,
unbranched chains of glucose molecules. Many

animals consume starch as a source of dietary energy.

Glucose monomer

: 0 o ==\
o 000000 OO Y,

o¥sloVolaVe:

Cellulose makes up much of 3 plant's body in the form of cable-like
fibers in the walls of plant cells, A molecule of cellulose contains many
long straight chains of glucose, with bonds joining the chains. Cellulose
is the major component of wood, and it is the “fiber”in your diet.

GLYCOGEN

Glucose
monomer

_________

_________

Glycogen consists of branched chains of glucose molecules. In most
animals, excess sugar is stored as glycogen granules in liver and
muscle cells, where it is available if needed for about 24 hours.

CHITIN

monomer

g T ;
! { = 0 - =0

7 5 I & & /
: 00Nt Nuff Of I g o .
N N N

l Glucose

Chitin is a carbohydrate that forms the outer skeleton of arthropods
(such as insects and lobsters) and many fungi. Chitin is similar to

nitrogen-containing appendage. " s glucosamine, which
many people take as a

supplement to aid joints.
CORE IDEA

%» Carbohydrates consist of one or more monosaccharides joined together. ? What do starch and glycogen have in common

Simple sugars (monosaccharides) include glucose and fructose; disaccharides i terms of thei structure? How are they different?
include sucrose; and polysaccharides include starch and cellulose.

Sufey patpuelq Jo sjsisuod uaBodA| seasaym ‘suteyd
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cellulose except that the glucose monomer of chitin has 3 I  The building block of chitin
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Lipids are a diverse group of hydrophobic
molecules

Lipids are a diverse group of organic compounds, but they share
one important property: All lipids are hydrophobic (“water-fearing”),
meaning they do not mix with water. You can see this chemical behavior

yourself in the way that salad oil (a lipid) and vinegar (which is water based)
stay separated. Even if you vigorously shake them together, the hydrophobic

oil soon separates from the watery vineg

ar. There are different kinds of

lipids, several of which may be familiar.

Oil and vinegas

PHOSPHOLIPIDS

Every living cell is surrounded by a membrane that helps regulate the passage of
materials into and out of the cell. These membranes are phospholipid bilayers; that
is, they are made by stacking two layers of a molecule called a phospholipid. Each
phospholipid contains a phosphate group in its hydrophilic “water-loving”) head,
and two long hydrophobic tails. Many proteins float within the phospholipid layers.

A CELL MEMBRANE

~ exterior . g e S f'
S e : s |

A CELL

Phosphqlipid U WERLE ‘&)/\ >q
bilayer > b <
Cell Hydrophobic tail 4 J,
interior ié -
Protein ({
CHOLESTEROL o
e T HsC CH; p <
Cholesterol is a lipid that plays % )
several important roles. It is found A MOLECULE OF CH3 a

in most animal cell membranes,
where it helps to maintain fluidity.
Also, animal cells use cholesterol
to synthesize several important
lipid hormones. In addition to
being produced in your body,

CHOLESTEROL
CH;

PN

OC

\

HO
cholesterol is found in
animal-derived foods such TYPES OF CHOLESTEROL
as eggs and red meat.
Name What it stands for Common name Health implications
LDL Low-density “Bad cholesterol” Levels can be increased throug
lipoprotein high levels increase risk of he

Levels can be increased throug
high levels reduce risk of heart

HDL High-density “Good cholesterol”

lipoprotein




TRIGLYCERIDES

Lipids include fats, and when you think of “fat” you probably think of your

diet. A typical dietary fat consists of a molecule called a triglyceride, which is
made from one molecule of glycerol joined to three fatty acid molecules. Within
a triglyceride, the carbon/hydrogen chains in the fatty acid tails store a lot of
energy. Fatty foods therefore have many calories, and excess calories in the body
are stored by adding triglycerides to adipose tissue, also called body fat.

A MOLECULE OF TRIGLYCERIDE

T i Beef
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Glycerol Three fatty acids
One molecule of triglyceride Human adipose (fat) tissue
STEROID HORMONES | Body fatis extremely calorie-
g oy . ) 2 . ; ®* dense: One pound of body
Steroids are lipids that contain four fused chemical rings made primarily of carbon.

fat stores 3,500 calories.
Cholesterol is one familiar steroid. Within the body, cholesterol is used to produce a

variety of steroid hormones, such as the sex hormones estrogen and testosterone.
Anabolic steroids are synthetic variants of testosterone that mimic its effects,

increasing body mass, but also causing potentially dangerous side effects. Many
athletes have admitted to using these
performance-enhancing drugs.

Alex Rodriguez
OH CH,CH;
OH

CH,CH;

CH3

HO 0

Atype of estrogen Testosterone

0]

THG, an anabolic steroid

CORE IDEA

> Lipids are a diverse group of hydrophobic organic compounds, Lipids 7 What physical property is shared by dietary
include phospholipids, cholesterol, triglycerides, and steroid hormones (both Fats, cholesterol, and anabolic steroids?
natural sex hormones and synthetic anabolic steroids)
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kinds of fats -

Most of the lipids that you consume in your diet
consist of molecules of triglyceride. Each triglyceride
molecule contains three long fatty acid chains connected
to a molecule of glycerol. Although the different kinds

of dietary fats share structural features, there are
important differences between the various types,

and these differences have health consequences.

SATURATED

UNSATURATED

SATURATED FATS

Dietary fats come in two basic varieties: saturated fats and
unsaturated fats. Saturated fats have the maximum number
of hydrogens along the fatty acid tail, which corresponds

to all single chemical bonds in the chain. As a result, the

fatty acid tails in saturated fats are straight. This shape
allows them to easily stack together and form solids, so
highly saturated fats tend to be solid at room temperature.
Saturated fats are found in highest quantities (but not
exclusively) in animal products.

Afatty steak

Saturated fat

Unsaturated fat

Butter contains a high
percentage of saturated fat.
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Butter
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Your diet contains several different

A TRIGLYCERIDE

Unsaturated
N\, fatty acid

x Saturated fatty acid

Glycerol

§ Coconut oil contains 92%
®  saturated fat, much more
than red meat.

ﬁ&w&g
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. - 00808

Saturated fat molecule
with straight-chain tails

Cheese




UNSATURATED FATS

Unsaturated fats have one or more do
causing them to have fewer than th
As aresult, the fatty acid tails of u

(but not exclusively) in vegetable and fish oils,

TRANS FATS .

An unsaturated fat can be rendered solid through a
manufacturing process called hydrogenation. The
hydrogenation process can produce trans fat, a type
of unsaturated fat that contains an unusual bond
that does not occur naturally. Trans fats are quite
unhealthy, increasing risk of heart disease, diabetes,
and high blood pressure. Accordingly, trang fats

must be explicitly listed on food labels, As of 2018,

food providers are no longer

allowed to use

hydrogenated

oils.

Deep-fried fast foods may contain trans fats.

CORE IDEA

} Lipids include dietary fats: saturated fats and

saturated fats, but trans unsat

Unsaturated fat molecule
with bent tails

Olive oil

unsaturated fats (
trans fats and omega-3 fats). Unsaturated fats tend to be healthie

urated fats are particularly unhealthy.

uble bonds in the fatty acid tail,
€ maximum number of hydrogens.

Corn oil contains a
very low percentage
of saturated fat

Saturated fat
Unsaturated fat

HEALTHY FATS

Not all fats are unhealthy. In fact, some fats
are essential to a healthy diet, For example,
omega-3 fatty acids are known to reduce the
risk of heart diseage, Foods rich in essentia]
fats should be part of a well-balanced diet.

Selection of omega-3

-rich foods: fish, chicken, eggs, peanuts, and beans

including ? What is wrong with this statement: Animal fats
r than are saturated, whereas plant fats are unsaturated,
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Proteins perform many of life’s functions

Of all the large biological molecules that play important roles in your body,
proteins are the most diverse. Each kind of protein has a unique chemical
structure and three-dimensional shape that allows it to perform a specific
function. Here, you can see the chemical composition of proteins and survey
a variety of the functions they perform.

PROTEIN STRUCTURE

All proteins are polymers made by joining many amino acid monomers together. There
, are 20 different kinds of amino acids. The specific order of the amino acids within a
. protein determines the overall structure of that protein.

PEPTIDE BOND
Amino acids are joined through dehydration synthesis
reactions. The newly formed bond is called a peptide bond.

Al proteins consist of amino acids. Every
amino acid contains a central carbon atom,
an amino group, and a carboxylic acid group.
Each of the 20 kinds of amino acid contains a
different side group that gives it unique
chemical properties.

Single
amino acid

Amino Carboxylic ; Peptide bond
group acidgroup  Singleaminoacid
H 7 H
1 H
e | a8 : I
N—C—C +! N—C—C A
H/ ’ SOH | H/ [ . DEHYDRATION
E "SYyTﬁES}S-‘REACTIQNS >
Side | Side X 4
group ; group
’ AMINO ACIDS
I
|

bond

Peptidel

POLYPEPTIDE
A polypeptide is a long chain of amino acids,
typically hundreds to thousands of amino acids

long. Each kind of protein contains one or more
polypeptides with a unique sequence of amino acids.

FOLDED CHAIN

" Every polypeptide twists and folds into a unique

D three-dimensional shape. Chemical bonds

A between the side groups of the amino acids hold

¥ the shape together. Most proteins are generally

', blob-shaped, but each kind of protein differs in
"\, the details of that shape.

PR MULTIPLE CHAINS
Egﬁghfégﬁf Some proteins contain multiple
protei% polypeptide chains joined

together into a large complex.
For example, one molecule of
hemoglobin contains four
polypeptide chains.

Complete
| hemoglobin
molecule with
four chains
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FUNCTIONS OF PROTEINS

Proteins perform a huge variety of tasks within your body
and the bodies of all organisms. If something is getting
done in your body, chances are there is a protein doing it.
Here, you can see just some of the functions performed

Structure:
by proteins in animal bodies. Notice that each kind

Keratin is an

p A p important

of protein has a unique shape that enables it to Ic@r?u%o?\r;nt of
perform its unique function. In the examples, hair, skin, nails,
each polypeptide chain is shown in and fur.

a different color.

Transport:
Hemoglobin, found
within red blood cells,
carries oxygen through
the body via the

Enzymes: Lactase
bloodstream.

is an enzyme
within your
digestive system
that breaks down
the milk sugar
lactose.

Defense: Antibodies
are proteins within
your immune
system that bind to
foreign invaders,
marking them for
destruction.

Movement: Actin is one of
A N y the proteins that enables
The most common cause of the disease muscles to contract.
*  qysticfibrosis is a change in just one of
1,480 amino acids in an important protein.

NORMAL MUTATED
PROTEIN FORM AND FUNCTION , J

The precise amino acid sequence of a
protein determines its overall shape and
hence its function. Change the amino
acid sequence, even a little, and you may
alter the ability of the protein to perform
its normal task. For example, changing Normalhrrioglofas ONE AMINO ACID CHANGE
just one of the 146 amino acids that

make up one of the polypeptides (protein
chains) in hemoglobin causes the protein
to misfold. The altered protein cannot
perform its function properly, leading

to sickle-cell disease.

Mutated hemoglobin with
slight change in shape

1,700x

1,700x

Normal red blood cells

Sickled red blood cells

CORE IDEA

gés%f* Proteins are a diverse set of molecules made from amino acids joined by ? Whatisa polypeptide? What does the name
peptide bonds. Proteins perform most of the tasks required for life. Each kind mean?

of protein has a unique shape that determines its function.
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