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Section 2

Essential Questions

D What are the parts of a chemical
reaction?

D How can energy changes be related
to chemical reactions?

P What is the importance of enzymes in
living organisms?

Review Vocabulary

process: a series of steps or actions
that produce an end product

New Vocabulary

chemical reaction
reactant

product
activation energy
catalyst

enzyme
substrate

active site

* Figure 13 Atter a chemical change, such as
rusting, a new substance is formed. During a physical
change, such as ke melting or water boiling, the
chemical makeup of the water is not attered.

Chemical change

12 Chapter1« Chemistry in Biology

Chemical Reactions

[ KT8 Chemical reactions allow living things to grow, develop,
reproduce, and adapt.

Real-Worlkd Reading Link When you lie down for the night, you might think that your
body is completely at rest. In fact, you are still digesting the food that you ate that day,
the scrape on your elbow is healing, and your muscles and bones are growing and
developing. All the things that happen inside your body are the result of chemical
reactions.

Reactants and Products

A new car with shining chrome and a clean appearance is appealing to
marny drivers. Over time, however, the car might get rusty and lose
some of its appeal. Rust is a result of a chemical change called a chemi-
cal reaction. A chemical reaction is the process by which atoms or

groups of atoms in substances are reorganized into different substances.

Chemical bonds are broken and formed during chemical reactions. The
rust on the chain in Figure 13 is a compound called iron oxide (Fe,O3),
and it was formed when oxygen (O;) in the air reacted with iron (Fe).

It is important to know that substances can undergo changes that
do not involve chemical reactions. For example, consider the water in
Figure 13. The water is undergoing a physical change. A physical
change alters a substance’s appearance but not its composition. The
water is water before and after the change.

How do you know when a chemical reaction has taken place?
Although you might not be aware of all the reactions taking place inside
your body, you know that the surface of the chain in Figure 13 has
changed. What was once silver and shiny is now dull and orange-brown.
Other clues that a chemical reaction has taken place include the produc-
tion of heat or light, and the formation of a new gas, liquid, or solid.

Physical change
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Energy Diagram

Energy

Reaction progress

Figure 15 The flame of the match provides
activation energy—the amount of energy needed
to begin a reaction. The reaction gives off energy
in the form of heat and light.

Figure 16 In an endothermic reaction, the
energy of the products is higher than the energy
of the reactant.

Energy Diagram

Energy

Reaction progress

14 Chapter 1 « Chemistry in Biology

Activation energy The minimum amount of energy needed for reac-
tants to form products in a chemical reaction is called the activation
energy. For example, you know that a candle will not burn until you
light its wick. The flame provides the activation energy for the reac-
tion of the substances in the candle wick with oxygen. In this case,
once the reaction begins, no further input of energy is needed and
the candle continues to burn on its own. Figure 15 shows that for the
reactants X and Y to form product XY, energy is required to start the
reaction. The peak in the graph represents the amount of energy that
must be added to the system to make the reaction occur. Some reac-
tions rarely happen because they have a very high activation energy.

Energy change in chemical reactions Compare how energy changes
during the reaction in Figure 15 to how energy changes during the
reaction in Figure 16. Both reactions require activation energy to get
started. However, the reaction in Figure 15 has lower energy in the
product than in the reactants. This reaction is exothermic-it released
energy in the form of heat. The reaction in Figure 16 is endothermic-it
absorbed heat energy. The energy of the products is higher than the
energy of the reactants. In every chemical reaction, there is a change
in energy caused by the making and breaking of chemical bonds as
reactants form products. Exothermic reactions keep your internal
body temperature at about 37°C.
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Section 3

Essential Questions

P How does the structure of water make
it a good solvent?

P What are the similarities and
differences between solutions and
suspensions?

D What are the differences between
acids and bases?

Review Vocabulary

physical property: characteristic of
matter, such as color or melting point,
that can be observed or measured
without changing the composition of the
substance

New Vocabulary

polar molecule
hydrogen bond
mixture
solution
solvent

solute

acid

base

pH

buffer

Figure 19 Because water molecules have a bent
shape and electrons are not shared equally between
hydrogen and oxygen, hydrogen bonds form among
the molecules. Due to the attraction among the atoms
that make up water, the surface of water supports a
water strider.

Slighty ———

positive

®

2
®
Water L .
® slightly
molecule negative
end

Water and Solutions

«m The properties of water make it well suited to help maintain
homeostasis in an organism.

Real-World Reading Link You probably know that the main color on a globe is blue.
That's because water covers about 70 percent of Earth's surface, giving it the blue color
you see from a distance. Now imagine zooming in to a single cell of an organism on Earth.
Water accounts for approximately 70 percent of that cell’s mass. It is one of the most
important molecules for life.

Water’s Polarity

Earlier in this chapter, you discovered that water molecules are formed
by covalent bonds that link two hydrogen (H) atoms to one axygen (O)
atom. Because electrons are more strongly attracted to the axygen atom’s
nucleus, the electrons in the covalent bond with hydrogen are not
shared equally. In water, the electrons spend more time near the oxygen
atom’s nucleus than they do near the hydrogen atoms’ nuclei. Figure 19
shows that there is an unequal distribution of electrons in a water
molecule. This, along with the bent shape of water molecules, results in
the oxygen end of the molecule having a slightly negative charge and
the hydrogen ends of the molecule having a slightly positive charge.
Molecules that have an unequal distribution of charges are called polar
molecules, meaning that they have oppositely charged regions.

Polarity is the property of having two opposite poles, or ends. A mag-
net has polarity—there is a north pole and a south pole. When the two
ends are brought close to each other, they attract each other. Similarly,
when a charged region of a polar molecule comes close to the oppositely
charged region of another polar molecule, a weak electrostatic attraction
results. In water, the electrostatic attraction is called a hydrogen bond. A
hydrogen bond is a weak interaction involving a hydrogen atom and a
fluorine, axygen, or nitrogen atom. Hydrogen bonding is a strong type of
van der Waals force. Figure 20 describes polarity and the other unique
properties of water that make it important to living things.

H Hydrogen bond H

Water strider

Section 3 » Water and Solutions 17
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Mixtures with Water

You are probably familiar with powdered drink products that dissolve
in water to form a flavored beverage. When you add a powdered sub-
stance to water, it does not react with water to form a new product.
You create a mixture. A mixture is a combination of two or more
substances in which each substance retains its individual characteris-
tics and properties.

Homogeneous mixtures When a mixture has a uniform composition
throughout, it is called a homogeneous (hoh muh JEE nee us) mixture. A
solution is another name for a homogeneous mixture. For example, in

the powdered drink mix solution shown in Figure 21, the drink mix is on

top, in the middle, and at the bottom of the container The water retains
its properties and the drink mix retains its properties.

In a solution, there are two components: a solvent and a solute. A
solvent is a substance in which another substance is dissolved. A solute
is the substance that is dissolved in the solvent. In the case of the drink
mix, water is the solvent and the powdered substance is the solute. A
mixture of salt and water is another example of a solution because the
solute (salt) dissolves completely in the solvent (water). Saliva moistens
your mouth and begins the digestion of some of your food. Saliva is a
solution that contains water, proteins, and salts. In addition, the air you
breathe is a solution of gases.

Heterogeneous mixtures Think about the last time you ate a salad.
Perhaps it contained lettuce and other vegetables, croutons, and salad
dressing. Your salad was a heterogeneous mixture. In a heterogeneous
mixture, the components remain distinct, that is, you can tell what
they are individually. Compare the mixture of sand and water to the
solution of salt and water next to it in Figure 22. Sand and water form
a type of heterogeneous mixture called a suspension. Over time, the
particles in a suspension settle to the bottom.

A ocolloid is a heterogeneous mixture in which the particles do not
settle out like the sand settled from the water. You are probably famil

iar with many colloids, including fog, smoke, butter, mayonnaise, milk,

paint, and ink. Blood is a colloid made up of plasma, cells, and other
substances.

a Reading Check Distinguish between solutions and suspensions.

“ Figure 21 The drink mix forms a
homogeneous mixture in water. The partiies of
the solute (drink mix) are dissolved and spread
throughout the solvent (water).
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= Figure 22

Left: Sand and water form a heterogeneous
mixure; you can see both the liquid and the
solid. The homogeneous mixture of sait and
water is a liquid; you cannot see the sait.
Right: Blood Is a heterogeneous mbdure called
a colloid.
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Figure 23 Substances that releasa H* in
water are acids. Substances that release OH-in
water are bases.

Substance with H* ion
Vi Vi

\ y ‘ el 3 ‘

— Addic solution
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>

Basic sojution

=
4 ~ i e = |
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Substance with OH™ ion

-

Acids and bases Many solutes readily dissolve in water because of
water’s polarity. This means that an organism, which might be as much as
70 percent water, can be a container for a variety of solutions. When a sub-
stance that contains hydrogen is dissolved in water, the substance might
release a hydrogen ion (H*) because it is attracted to the negatively charged
axygen atoms in water, as shown in Figure 23. Substances that release
hydrogen ions when they are dissolved in water are called acids. The more
hydrogen ions a substance releases, the more acidic the solution becomes.

Similarly, substances that release hydroxide ions (OH) when they
are dissolved in water are called bases. Sodium hydroxide (NaOH) is a
common base that breaks apart in water to release sodium ions (Na*)
and hydroxide ions (OH"). The more hydraxide ions a substance
releases, the more basic the solution becomes.

Acids and bases are key substances in biology. Many of the foods and
beverages that we eat and drink are acidic, and the substances in the
stomach that break down the food, called gastric juices, are highly acidic.
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DATA ANALYSIS LAB 4

Based on Real Data*

How do pH and temperature affect protease

activity? Proteases are enzymes that break down

protein. Bacterial proteases often are used in

detergents to help remove stains such as egg,

grass, blood, and sweat from clothes.

Data and Observations

A protease from a newly isolated strain of bacteria

was studied over a range of pH values and temper-

atures.

Think Critically

1. ldentify the range of pH values and tempera-
tures used in the experiment.

2. Summarize the results of the two graphs.

3. Infer If a laundry detergent is basic and requires
hot water to be most effective, would this prote-
ase be useful? Explain.
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Sectond |

The Building Blocks of Life

Essential Questions

BR e % O of crbian i [T 'X(*T] Organisms are made up of carbon-based molecules.

organisms?

D What are the four major families of Real-World Reading Link Children enjoy toy trains because they can link long lines
biological macromolecules? of cars together and make patterns by joining cars of similar color or function.

D What are the functions of each group Similarly, in biology, there are large molecules made of many smaller units joined
of biological macromolecules? together.

Review Vocabulary

organic compound: a carbon-based (o] rgan ic Chemist ry

guttarhico thet i fha birsts of g The element carbon is a component of almost all biological molecules.

st For this reason, life on Earth often is considered carbon-based. Because
New Vocabulary carbon is an essential element, scientists have devoted an entire branch
macromolecule of chemistry, called organic chemistry, to the study of organic com-
polymer pounds, which are those compounds containing carbon.
carbohydrate As shown in Figure 25, carbon has four electrons in its outermost
lipid energy level. Recall that the second energy level can hold eight elec-
protein trons, so one carbon atom can form four covalent bonds with other
amino acid atoms. These covalent bonds enable the carbon atoms to bond to each
nucleic acid other, which results in a variety of important organic compounds.
nucleotide These compounds can be in the shape of straight chains, branched
chains, and rings, such as those illustrated in Figure 25. Together,
carbon compounds lead to the diversity of life on Earth.
Straight chain molecules Branched molecules Ring molecules
+ Figure 25 The amazing diversity of
lite is based on the variety of carbon
compounds. The halt-filled outer energy m !
level of carbon allows for the formation of
straight chain, branched, and ring
molecules. E :
"
L]
L
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R Variable side chain Peptide bond
|
Amino group HoN — C—C — OH  Carboxyl group H\ 31 T iz
I | N—C—E=N—C—C—0H
Hylogen; st i) A | I
H H H O
Amino Acid Dipeptite

Figure 29
Left The general struchre of an amino acid has
Tour groups around a central carbon.
Right The peplide bond in 3 protein happens as
a resuil of a chemical readtion.
Interpret which other molecuie is a
product when a peptide bond forms.

Figure 30 The shape of a protein
depends on the interactions among the amino
acids. Hydrogen Donds help the proten hold
its shape.

g
{ /e
Helix

26 Chapter 1= Chemisiry in Biclogy

Proteins Another primary building block of living things is protein.
A protein is a compound made of small carbon compounds called
amino acids. Amino acids are small compounds that are made of car
bon, nitrogén, oxygen, hydrogen, and sometimes sulfur. All amino
acids share the same general structure.

Amino acid structure Amino acids have a central carbon atom like the
one shown in Figure 29. Recall that carbon can form four covalent
bonds. One of those bonds is with lydrogen. The other three bonds
are with an amino group (-NH_}, a carboxyl group (-COOH), and a vari-
able group (-R). The variable group makes each amino acid different.
There are 20 different variable groups, and proteins are made of differ-
ent combinations of all 20 different amino acids. Several covalent
bonds called peptide bonds join amino acids together to form proteins,
which is also shown in Figure 20. A peptide bond forms between the
amino group of one amino acid and the carboxyl group of another

Three-dimensional protein structure Based on the variable groups con-
tained in the different amino arids, proteins can have up to four levels of
structure. The number of amino acids in a chain and the order in which
the amino acids are joined define the proteins primary structure. After
an amino acid chain is formed, it folds into a unique three-dimensional
shape, which is the protein’s secondary structure. Figure 30 shows two
basic secondary structures: the helix and the pleat. A protein might
contain mamy helices, pleats, and folds. The tertary structure of many
proteins is globular, such as the hemoglobin protein shown in Table 4, but
some proteins form long fibers. Some proteins form a fourth level of
structure by combining with other proteins.

Protein function Proteins make up about 15 percent of your total
body mass and are involved in nearly every function of your body. For
example, your muscles, skin, and hair are made of proteins. Your cells
contain about 10,000 different proteins that provide structural sup-
port, transport substances inside the cell and between cells, commu-
nicate signals within a cell and between cells, speed up chemical
reactions, and control cell growth.

Fleated sheet
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Figure 31
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0 NH Phosphate Left: DNA nucleotides contain the
"*:-c ~N = 1 | sugar deoxyribose. RMA nucleotides
Il [ | Sugar —  Base contain the sugar rinosa
HO—P=—0 — CH, N_‘ _ﬁ.[ = Phus;:rhale Right Nuclectides are joinad
H ‘ Q / 'T_ H i together by bonds between their
b aF 50D ¢ ,,/ \‘\‘{ H Sugar — Base sugar group and phosphate group.
|
A4 Phosphate
H i C H Mitrogen-containing |
i I hase Sugar —  Base
|
OH OH Phosphate
Sugar |
Sugar —  Base
|
Nucleotide MNucheic acid

MNucleic acids The fourth group of biological macromolecules are micleic
acids. Wucleic acids are complex macromolecules that store and trans-
mit genetic information. Nucleic acids are made of smaller repeating sub-
units composed of carbon, nitrogen. axygen. phosphorus, and hvdrogen
atoms, called nucleotides. Figure 31 shows the basic structure of a
mucleotide and mucleic acid. There are five major nucleotides, all of which
have thres units—a phosphate, a nitrogenous base, and a ribose sugar.

There are two types of mucleic acids found in living organisms:
deoxyribormcleic (dee AHK sih rib oh noo klay ihk) acid (DNA) and ribo-
mucleic {rib oh noo KLAY ihk) acid (RMA) In nucleic acids such as DMNA
and RMA, the sugar of one micleotide bonds to the phosphate of another
muclectide. The nitrogenous base that sticks out from the chain is avail
able for hydrogen bonding with other bases in other micleic acids.

A macleotide with three phosphate groups is adenosine triphosphate
(ATP). ATP is a storehouse of chemical energy that can be used by cells in
a variety of reactions. It releases energy when the bond between the
second and third phosphate group is broken. Less energy is released
when the bond between the first and second phosphate group is broken.

Section4 Review l

Section Summary

P Carbon compounds ars the basic building
blocks of living organisms.

Understand Main Ideas

1. [ (TS Explain f an unknown substance found on a meteorite is deter
mined to contain no trace of carbon, can scientists conclude that there s life at
the metorite’s origin?

2. Compare the types of biological macromalecules and their functions.

P Biclogical macromelecules are formed by
joining small carbon compounds into

palymers, 3. Determine the components of carbohydrates and proteins.

B There are four types of biological macremaol-
ecules.

4. Discuss the importance of amino acid order to a protein’s function.

Think Critically

5. Summarize Given thelarge number of proteins in the body, explain why the
shape of an enzymeis important to its function.

P Peptide bonds join amino acids in proteins.
# Chains of nuclectides form nucleic acids.

6. Draw two structures {one straight chain and one ring) of a carbohydrate with
the chemical formula (CHzOs.

(R R R R R
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Hybridization Recall that crossing parent
organisms with different forms of a trait w pro-
duce offspring with specific traits results in
hybrids. Farmers, animal breeders, scientists, and
gardeners often use the production of hybrids, also
known as hybridization. They select traits that will
give hybrid organisms a competitive edge. These
hybrid organisms can be bred to be more disease-
resistant, to produce more offspring, or to grow
faster. For example, plant breeders might choose to
cross two different varieties of tomato plants in
order to produce a hybrid that has both the dis
ease resistance of one parent and the fast growth
rate of the other parent.

Care must be taken to identify organisms with
desired traits and successfully cross them to yield
the right combination of traits from both parents.
A disadvantage of hybridization is that it is time
consuming and expensive. For example, it took
rice breeders three decades to produce hybrid rice
varieties that can produce higher yields than non-
hybrid varieties. Because hybrids can be bred to
be more nutritious, to have the ability to adapt o
a wide range of changes in the environment, and
to produce greater numbers of offspring, the
advantages of hybridization sometimes outweigh
the disadvantages.

Inbreeding Once a breeder observes a desired
trait in an organism, a process is needed to ensure
that the trait is passed on to future generations.
This process, in which two closely related organ-
isms are bred to have the desired traits and to
eliminate the undesired ones in future genera-
tions, is called inbreeding,.

Pure breeds are maintained by inbreeding.
Clydesdale horses and Angus cartle are examples
of organisms produced by inbreeding. You might
have seen Clydesdale horses at parades and petting
zoos. Horse breeders first bred the Clydesdale
horse in Scotland hundreds of years ago for use as
a farm horse. Because of their strong build, agility,
and obedient nature, Clydesdales originally were
inbred and used extensively for pulling heavy
loads.

A disadvantage of inbreeding is that harmful
recessive traits also can be passed on to future
generations. Inbreeding increases the chance of
homozygous recessive offspring. If both parents
carry the recessive allele, the harmful trait likely
will not be eliminated.

0’ Reading Check Describe the disadvantages associ-
ated with hubridization and inbreeding.

Model Hybridization

How are hybrid lilies produced? In this lab, you
will examine techniques used by both professional
plamt breaders and amateur gardeners to produce
the wide variety of lilies you might see growing in
landscaped areas,

Procedure T2 0 il B

1. ldentify the safety concerns of this lab before
waork begins.

2. Obtain a labeled drawing of a lily flower and a
fresh open lily flower. Examineg the flower with
g hand lens and identify the male anthers and
the female pistik

3. Use a cotton swab to gently rub an anther to
pick up pallen.

4. Trade flowers with ancther lab group and, using
the cotton swab, gently apply the pollen from
your flower to the stigma of the pistil of the
new flower.

Analysis

1. Infer When breeders hybridize lilies, they
transfer pollen to the stigma of an unopened
lilty flower and then cover the stigma with a foil
cap. Why do you think this would be
necessary?

2. Think Critically A breeder producéas a hybrid lity
which then is allowed to grow and produce
seeds naturally. When these seeds are
planted, the new lily plants do not have the
same characteristics as the hybrid parent.
Hypothesize why this would occur.
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Figure 2 The genotype of a white

grapefruit tree can be determined by the
results of a test cross with o homozygous red

grapefruit.

Section1 Review

Section Summary

# Selective breeding is used to produce
organisms with traits that are considered

desirable.

¥ Huybridizotion produces organisms with
desired traits from parent organisms with

different traits.

¥ Inbreading creates pure breads,

B A tect cross con be used to determine an

arganism’s genotype.

Test Cross

An important thing a breeder has to determine when producing a
hybrid is the genotype of the hybrid. Once a breeder observes the
desired trait, if the trait is dominant, then the genotype of the organism
could be homozygous dominant or heterozygous. The exact genotype is
determined by performing a test cross. A test cross involves breeding
an organism that has the unknown genotype with one that is homo-
zygous recessive for the desired trait. If the parents genotype is homo-
zygous dominant, all the offspring will have the dominant phenotype;
if it is heterozygous, the offspring will show a 1:1 phenotypic rario.
Performing a test cross Suppose a breeder wants to produce
hybrid white grapefruits. In grapefruit trees, white fruit color is the
dominant trait, while red is recessive. Therefore, the red grapefruit
trees in the orchard must be homozygous recessive {wuj). The geno-
type of the hybrid white grapefruit tree obtained by the breeder can
be homozy gous dominant (WW) or heterozygous (W) for the white
color. Therefore, the breeder has to perform a test cross to determine
the genotype of the white grapefruit tree. Remember when perform-
ing a cross, pollen from the flower of one plant is transferred to the
female organ in a flower of another plant.

Results As shown in the top Punnett square in Figure 2, if the white
grapefruit tree is homozygous dominant (WW) and is crossed with a red
grapefruit tree (uaw), then all the offspring will be heterczygous (W) and
white in color. In this case, all of the offspring will have the dominant
phenotype. However, as shown in the second Punnett square in Figure 2,
if the white grapefruit tree is heterozygous (W), then half the mimber
of offspring will be white and half will be red, and the phenotypic ratic
will be 1:1. Review the results in the Punnett squares in Figure 2. If the
white grapefruit tree is homozygous, all offspring will be heterozygous—
white in color. If the tree is heterozygous, half of the test-cross offspring
will be white and half will be red.

TR

Understand Main Ideas
1. [[TTH(IT] Assess the efiact of selective breeding on food crops.

2. Describe three traits that might be desired in sheep. How can these traits be
passad on to the next genaration? Explain.

3. Compare and contrast inbreeding and hybridizotion,

4. Predict the phenotype of offspring from a test cross between o seedless
orange {5s) and an onange with seads (5s5).

Think Critically

5. Ewvaluate Should o cow and o bull that both carry recessive alleles fara
muttation that causes decreased milk production be bred? Why or why not?

MATH in JotTN
6. A breeder performs a test cross to determine the genotype of a black cat. He
crosses the block cat (BF or Bb) with o white cot (bb). If 50 percent of the off-
spring ore black, whatis the genotype of the black cat?

R N R R R PR R R RS )
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M.].n.-ipulate .
o manage or urlize skillfully

Scientises tise echnology o manipulae -

genetic informacion i order m Test

soientific lyypotheses. . ........ et

Figure 4 DNA containing the sequence
GAATTC can be cut by the restriction enzyme
EcoRl to produce sticky ends.

72 Chapter 3 + Genetks and Biotachnology

DNA Tools

You have learned that selective breeding is used to produce plants
and animals with desired traits. Genetic engineering can be used to
increase or decrease the expression of specific genes in selected organ-
isms. It has many applications from human health to agriculture.

An organism's genome is the total DNA present in the nucleus of
each cell. As you will learn in the next section, genomes, such as the
human genome, can contain millions and millions of nucleotides. In
order to study a specific gene, DNA tools can be used to manipulate
DMA and to isolate genes from the rest of the genome.

Restriction enzymes Some types of bacteria contain powerful
defenses against viruses. These cells contain proteins called restric
tion enzymes that recognize and bind to specific DNA sequences
and cleave the DMNA within that sequence. A restriction enzyme, also
called an endormaclease (en doh NEW klee ayz), cuts the viral DNA
into fragments after it enters the bacteria. Since their discovery in the
late 1960s, scientists have identified and isclated hundreds of restric-
tion enzymes. Restriction enzymes are used as powerful tools for iso-
lating specific genes or regions of the genome. When the restriction
enzyme cleaves genomic DNA, it creates fragments of different sizes
that are unique to every individual

EcoRl One restriction enzyme that is used widely by scientists is
known as EcoRL As illustrated in Figure 4, EcoRI specifically cuts DNA
containing the sequence GAATTC. The ends of the DNA fragments
created by EcoR1 are called sticky ends because they contain
single-stranded DNA that is complementary. The ability of some
restriction enzymes to create fragments with sticky ends is important
because these sticky ends can be joined together with other DNA
fragments that have complementary sticky ends.

g Reading Check Generalize how restriction enzymes are used.

L1t

Sticky ends
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Loading the gel Solution containing DNA is dropped into holes at one Fragment pattem A staining solution binds to the separated DNA
end of the gel with a pipette. fragments in the gel, making them visible under ultraviolet light.

g
Negative end of gel L

Figure 5 When the loadad gel is placed in an
However, not all restriction enzymes create sticky ends. Some : electrophoresis tank and the electric current is
enzymes produce fragments containing blunt ends—created when the  :  tumed on,the DNA fragments separate.
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restriction enzyme cuts straight across both strands. Blunt ends do not
have regions of single-stranded DNA and can join to any other DNA
fragment with blunt ends.

OIS =T Gel electrophoresis An electric

current is used to separate DNA fragments according to the size of

the fragments in a process called gel electrophoresis. Figure 5 shows
how the DNA fragments are loaded on the negatively charged end of

a gel. When an electric current is applied, the DNA fragments move
toward the positive end of the gel. The smaller fragments move farther
faster than the larger ones. The unique pattern created based on the
size of the DNA fragment can be compared to known DNA fragments
for identification. Also, portions of the gel containing each band can be
removed for further study.

How are sticky ends modeled? Use scissors and tape to produce paper DNA fragments with sticky ends and
a recombinant DNA plasmid.

Procedure E‘

1. Identify the safety concerns of this lab before work begins.

2. Obtain one straight paper DNA sequence from your teacher, which will represent genomic DNA, and one
circular paper DNA sequence, which will represent a plasmid.

3. Find each GAATTC sequence recognized by the restriction enzyme EcoR/ and cleave the genome and
plasmid DNA using scissors.

4. Use tape to make a recombinant DNA plasmid.

Analysis

1. Compare your plasmid to those made by other lab groups. How many different recombinant
plasmids could be made using this particular genomic sequence? Explain.

2. Infer what enzyme was represented by the scissors. Explain.
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ako copies recombinant survive on
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= - a?f’ bacterial cells that < S 4 5
&% o~ contain recombinant DNA.
Copies of bacterial cells Figure N0.7

Figure 7 Clones containing copies of the

recombinant DNA can be identified and used for

Gene cloning To make a large quantity of recombinant plasmid further study when the bacterial cells that do not

DNA, bacterial cells are mixed with recombinant plasmid DNA. Some
of the bacterial cells take up the recombinant plasmid DNA through a
process called transformation, as shown in Figure 7. Bacterial cells
can be transformed using electric pulsation or heat. Recall that all
cells, including bacterial cells, have plasma membranes. A short elec-
tric pulse or a brief rise in temperature temporarily creates openings
in the plasma membrane of the bacteria. These temporary openings
allow small molecules, such as the recombinant plasmid DNA, to enter
the bacterial cell. The bacterial cells make copies of the recombinant
plasmid DNA during cell replication. Large numbers of identical bacte-
ria, each containing the inserted DNA molecules, can be produced
through this process called cloning.

Recombinant plasmid DNA contains a gene that codes for resis-
tance to an antibiotic such as ampicillin (AMP). Researchers use this
gene to distinguish between bacterial cells that have taken up the
recombinant plasmid DNA and those that have not. Notice in Figure 7
that when the transformed bacterial cells are exposed to the specific
antibiotic, only the bacterial cells that have the plasmid survive.

DNA sequencing The sequence of the DNA nucleotides of most
organisms is unknown. Knowing the sequence of an organism’s DNA or
of a cloned DNA fragment provides scientists with valuable information
for further study. The sequence of a gene can be used to predict the
function of the gene, to compare genes with similar sequences from
other organisms, and to identify mutations or errors in the DNA
sequence. Because the genomes of maost organisms are made up of mil
lions of nucleotides, the DNA molecules used for sequencing reactions
first must be cut into smaller fragments using restriction enzymes.

contain recombinant DNA die.

VOCABULARY

Transformation

Science usage: process by which
one type of bacterium takes up
the DNA from another source
Transformation of bacteria involves
the uptake of plasmid DNA.

Common usage: the act of
change The mansformation of the
room was complete with the

addition of new drapes. ............0
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Recall that a codon is a group of three nucleotides that code for an
amino acid. Researchers look for the start codon AUG and a stop
codon such as UAA, UGA, or UAG. ORF analysis has been used to
identify correctly over 90 percent of genes in yeast and bacteria. How-
ever, the identification of genes in more complex organisms such as
humans requires more sophisticated computer programs called algo-
rithms. These algorithms use information, such as the sequence of the
genomes of other organisms, to identify human genes.

Bioinformatics

The completion of the HGP and the sequencing of the genomes of
other organisms have resulted in large amounts of data. Not only has
this enormous amount of data required careful storage, organization,
and indexing of sequence information, but it also has created a new
field of study. This field of study, called bioinformatics, involves creat-
ing and maintaining databases of biological information. The analysis of
sequence information involves finding genes in DNA sequences of vari
ous organisms and developing methods to predict the structure and
function of newly discovered proteins. Scientists also study the evolu-
tion of genes by grouping protein sequences into families of related
sequences and comparing similar proteins from different organisms.

DNA Microarrays

Analyzing all the expressed genes from a given organism or a specific cell
type can be useful. This analysis can be done using DNA microarrays,
which are tiny microscope slides or silicon chips that are spotted with
DNA fragments. DNA microarrays can contain a few genes, such as the

genes that control the cell cycle, or all of the genes of the human genome.

Therefore, a large amount of information can be stored in one small slide
or chip. DNA microarrays help researchers determine whether the expres-
sion of certain genes is caused by genetic factors or environmental factors.

1983 Kary Mullis invents the
polymerase chain reaction, for
which he will be awarded the
Nobel Prize in 1993.

l 1973 Herbert Boyer, Annie Chang, l 1972 Paul Berg creates
Stanley C., and Robert Helling the first recombinant DNA
discover that recombinant DNA molecules.

reproduce if inserted into bacteria.

Study Tip

BioJournal As you read about the
human genome, list several beneficial
uses of this information.

Figure 14
Discoveries in Genetics

Many studies in genetics have ledto
advances in biotechnology.
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« Figure 16 The HapMap projedt involves
grouping all adjocent SNPs that are inharited
together imto haplotypes.

Figure 17 DNA can be encapsulatad ina
virus and deliverad Into a patient to reploce o
defective gane. Once the virus enters the cells,
the: genetic information is released into the
nuclzus and insarted into the genome.

Therapeutic DNA

The HapMap project An internation] group of scientists is
creating a catalog of common genetic variations that occur in
humans. Linked genes are inherited together and similarly, genetic
variations located close together also tend to be inherited together.
Therefore, regions of linked variations in the hnman genome, known
as haploty pes, can be located. The project to create this catalog is
called the haplotype map, or HapMap project. Assembling the Hap-
Map involves identifying groups of SNPs in a specific region of DNAL
Figure 16 shows how the genome is divided into haplotypes. Once
completed, the HapMap will describe what these variations are, where
they occur in our DMA, and how they are distributed among people
within populations and among populations in different parts of the
world. This information will help researchers find genes that cause
diseas= and affect an individuals response to drugs.

Phamacogenomics Sequencing the human genome combines the
knowledge of genes, proteins, and SNPs with other areas of science.
The study of how genetic inheritance affects the body'’s response to
drugs is called pharmacogenomics (far muh koh jeh NAW mihks).
The benefits of pharmacogenomics include more accurate dosing of
drugs that are safer and more specific. Researchers hope that pharma-
cogenomics will allow for drugs to be customr-made for individuals
based on their genetic makeups. Prescribing drugs based on an individ-
uals genetic makeup will increase safety, speed recovery, and reduce
side effects. Perhaps one day when you are sick, your doctor will read
your genetic code and prescribe medicine tailor-made for youw.

Gene therapy A technique aimed ar correcting mutated genes that
cause human diseases is called gene therapy. Scientists insert a nor-
mal gene into a chromosome to replace a dysfunctional gene. In most
gene therapy studies, inserting a normal gene into a viral vector, like
the one in Figure 17, produces recombinant DNA. Target cells in the
patient are infected with the virus and the recombinant DNA material
is released into the affected cells. Once deposited into cells, the nor-
mal gene inserts itself into the genome and begins functioning.

te In 1990, the first clinical gene therapy trial at
the Mational Institutes of Health was conducted on a four year old
child with severe combined immunodeficiency (SCID). The Food and
Drug Administration (FDA) monitors new medical trials, including
gene therapy. Gene therapy has seen its share of setbacks, but the pos-
sibilities are endless when it comes to new treatments. Recent gene
therapy trials include work with diabetes, cancer, retinal disease, Par-
kinsons dis=ase, and others.

Reading Check Compare and contrast pharmacogenomics to gene
therapy.

Genomics and Proteomics

Sequencing the liman genome began what researchers call "the
genomic era” Genomics is the study of an organism's genome.
Genomics has become one of the most powerful strategies for identifying
human genes and interpreting their functions. In addition to the mass of
data obtained fremn sequencing the genomes of multiple organisms, scien-
tists also are imwvestigating the proteins produced by these genes.
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Essential Questions

D What are the functions of the glands
that make up the endocrine system?

D What is the role of the endocrine
system in maintaining homeostasis?

D What are the feedback mechanisms
that regulate hormone levels in the
body?

Review Vocabulary

homeostasis: the regulation of an
organism’s internal environment to
maintain life

New Vocabulary

endocrine gland
hormone

pituitary gland
thyroxine

clcitonin
parathyroid hormone
insulin

glucagon
aldosterone

cortisol

antidiuretic hormone

" Figure 12 A steroid hormone passes
through a cell membrane, binds to a receptor
within the cell, and stimulates protein synthesis.

The Endocrine System

[T XT3 systems of the human body are regulated by hormonal
feedback mechanisms.

Real-World Reading Link When driving a car, everyone usually maintains a similar
speed. When cars go faster or slower than the accepted speed, the chance of an
accident increases. Similarly, hormones must stay in the proper balance to maintain
homeostasis in the body.

Action of Hormones

The endocrine system is composed of glands and functions as a com-
munication system. Endocrine glands produce hormones, which are
released into the bloodstream and distributed to body cells. A hor-
mone is a substance that acts on certain target cells and tissues to
produce a specific response. Hormones are classified as steroid hor-
mones and nonsteroid or amino acid hormones, based on their structure
and mechanism of action.

Steroid hormones Estrogen and testosterone are two examples of
steroid hormones. Both of these hormones affect the human reproductive
system. All steroid hormones work by causing the targert cells to initiate
protein synthesis, as illustrated in Figure 12.

\ . Steroid Plasma
. membrane

protein synthesis |

stimulated /

Section 3 » The Endocrine System 79
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Higher Ca*+
blood level

Low Ca?t
hlood level

Parathyraid Gland

Lower Ca?+

High Ca*
blood level

blocd level |

Thyraid Gland

Ca®* moved from:
hone to hlood

Releases
move PTH

Figure 18 Glucagon and insulin work
togather to maintain the level of sugar in the
blood.

Glycogen forms
Insulin secreted oM ghicoss
from pancreas
Blood glucose
decreases; insulin
When blood secretion inhibited
glucose is high J
7
. -
Pamrfl! ' ’
. " When blood
— glucose is low
Blood glucose

increases; glucagon

secretion inhibited Glucagon secreted

from pancreas

Eucuw forms /

from glycogen and
noncarbohydrates

82 Chapter 3 « Digestive and Endocrine Systems

Parattyraoid
hormaone

Ca?* moved from:
Releases blood to bane
more calcitanin (CT) J

Figure 17 Parathyroid hormone (PTH) and calcitonin (CT) regulate the level of calcium in the
bloed.
Explain how PTH and CTillustrate negative feedback.
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Thyroid and parathyroid glands Idenrify the thyroid and parathyroid
glands in Figure 17. One hormone produced by the thyroid gland is chy-
roxine, Like hGH, thyroxine does not act on specific organs; rather, it
causes cells of the body to have a higher rate of metabolism. The thy-
roid gland also produces calcitonin. Calcitonin is a hormone thar is
partly responsible for the regularion of calcium, an imporrtant mineral
for bone formarion, blood clotting, nerve funcrion, and muscle contrac-
tion. Calcitonin lowers blood calcium levels by signaling bones to
increase calcium absorprion and also signaling the kidneys o excrete
more calcium.

When blood calcium levels are too low, the parathyroid glands
increase production of parathyroid hormone. Parathyroid hor-
mone increases blood calcium levels by stimularing the bones o
release calcium. The action of this hormone also causes the kidneys
o reabsorb more calcium and the intestines to absorb more calcium
from food. The thyroid and parathyreid glands have opposite effects
on blood calcium levels. However, as they work together, they main-
tain homeostasis.

' Reading Check Explain how negative feedback is important in
maintaining homeostasis.

Pancreas As discussed in Secdon 1, the pancreas has a crucial role in
the production of enzymes thar digest carbohydrares, proteins, and fats.
The pancreas also secreres the hormones insulin and glucagon, which
work together to maintain homeosrasis, as illustrated in Figure 18. When
blood glucose levels are high, the pancreas releases insulin. Insulin sig-
nals body cells, especially liver and muscle cells, wo accelerate the comver
sion of glucose 1o glycogen, which is stored in the liver. When blood
glucose levels are low, glucagon is released from the pancreas. Glucagon
binds to liver cells, signaling them to convert glycogen to glucose and
release the glucose inro the blood

17 p:‘b JSaJ
82
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Link to the Nervous System

The nervous and endocrine systems are similar in thar they both are
involved in regulating the activities of the body and maintaining
homeostasis. Refer to Figure 18 1o study the role of the hypothalamus
in homeostasis. Recall that this part of the brain is involved with
many aspects of homeostasis. The hypothalamus produces two hor-
maenes, aeytocin and anridiuretic hormone (ADH). These hormones
are rransported through axons and stored in axon endings located in
the pituitary gland.

The antidiuretic hormone funcrions in homeostasis by regular-
ing warer balance. ADH affects portions of the kidneys called the
collecting rubules. Think back to the last time you were working
ourside on a hot summer day. You produced a lot of sweat o help
keep you cool, and you mighr have become dehydrated. When this
happens, cells in your hypothalamus derect that you are dehy-
drated-rhar the level of warer in the blood is low—and respond by
releasing ADH from axons in the piruirary gland thar have been stor-
ing the hormone.

As illustrated in Figure 20, ADH travels in the blood tw the
kidneys, where it binds to receptors on certain kidney cells. This
causes the kidneys to reabsorb more water and decrease the
amount of warter in the urine, increasing the warer level in the
blood. If there is too much water in a person’s blood, the hypothal-
amus decreases the release of ADH, and the urine tends to be more
dilure. ADH production is stimulated by nausea and vomiring, both

of which cause dehydration. Blood loss of 15 or 20 percent by hem-

x

Understand Main Ideas
1. [ X7 Assessthe reasons why hormone feedback systems are refemred

orrhage results in the release of ADH.

Section 3 Review

Section Summary

» Endocrine glands produce substances called

harmones. to as "negative feedback.”

P Hormones travel throughout the body in the
bloodstream.

» Hormones are classified as steroid hor-

mones of aming ackd hormones. maintain homeostasis.

» Hormone levels are influenced by feedback
systems,

P The endocrine system helps to maintain Think Critically

homeostasis with signals from internal
mechanisms called negative feedback.

your response.

L R O I R R R e R R W R R

death of an organism.

Hypothalamus
|
4 .
I Pituitary gland
I
I = o Decreased ADH
i '\
i I Ny
Increased water  Increas
‘;folume inblood ADH
ﬁﬁﬁ:ﬂme increased
water '
in h"mf reabsorption ; Kidney
‘\ Decreased ¥
. Water
reabsarption

Figure 20 Anfidiuretic hormane (ADH)
helps to control the concentration of watar in

the blood.

2. Predictwhen you would expect to find high levels of insulin ina person’s blood
and when you would expect to find high levels of glucagon in a person’s blood.

3. Explain how the endocrine and nenvous systems work together to

4. Identify and describe the functions of pituitary, thyroid, parathyroid,
pancreas, and adrenal glands.

5. Research lodine is essential for thyroid gland function. Fetal and childhood
jodine deficiency is a major cause of mental retardation in the world, yet the
deficiency is preventable. Predict how iodine deficiency might lead to mental
retardation or other health issues. Research what has beenand what is being
done to alleviate this concern. Include information about sources of iodine in

6. Analyze how a malfunction in a negative feedback mechanism can lead to the

Section 2 = The Endocrine System BS
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