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BIO.3.1.01.087 Define infectious diseases Infromation from text 3
Pathogens Cause Infectious Disease

What do a cold and athlete’s foot have in common? They are both examples of an
infectious disease. An infections disease is a disease that is caused by a pathogen
passed from one organism to another, disrupting homeostasis in the organism’s body.
Agents called pathogens are the cause of infectious diseases. Some, but not all, tvpes of
bacteria, viruses, protozoans, fungi, and parasites are pathogens.

Many types of these organisms present in the world around us do not cause infectious
diseases. Your body benefits from organisms, such as certain types of bacteria and
protozoans, that normally live in your intestinal and reproductive tracts. Other bacteria
live on vour skin, especially in the shafis of your hair follicles. These organisms keep
pathogens from thriving and multiplving on your body.
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Past ministry exams

An infectious disease is a disease that is caused when a pathogen is
passed from one organism to another. A pathogen can be.....

Bacteria

Virus

FParazites

All the above

An infectious disease is a disease that is caused when a pathogen is
passed from one organism to another. The nonliving pathogen is the ...

Bacteria

Virus

Farasites

protozoa

An infectious disease is a disease that is caused when a pathogen is passed from one
organism to another. The prokaryotic pathogen is the ...

Bacteria
Wirus
Faras=ites

protozoa

Which of the following correctly defines an infectious disease?

A disease caused by genetic mutation only

A disease caused when a pathogen is passed from one organism to another
A disease that only affects plants

A disease that does not affect body functions
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An infectious disease is a disease that is caused when a pathogen is
passed from one organism to another. A pathogen can be.......

A.Bacteria
B. Virus
C. Parasites

II the above

An infectious disease is a disease that is caused when a
pathogen is passed from one organism to another. The
nonliving pathogen is the .....

A. Bacteria

irus

C. Parasites
D.Protozoa
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Past ministry exams

An infectious disease is a disease that is caused when a pathogen is
passed from one organism to another. The prokaryotic pathogen is

the .....
.Bacterla

B. Virus

C. Protozoa
D. Parasites

Which of the following correctly defines an infectious disease?

W BT e T Ty iy Mg inl ML ationg I'll'l:'lu'

A disgase Caused when a pathogen 15 pagked Trom ong organdsm Lo anothar

a despasd ERatl only alffecis plants

A disease thal does not alfect body functiaons
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BlO.3.1.01.087 Explain how Koch proved the germ theory correct Inf:'::::):u:::i:m 45
Germ [heory and Koch's Experiments

Before the invention of the microscope, people thought “something” passed from a sic|
person o a well person to cause an illness. Then, scientists discovered microorganisms
and Louis Pasteur demonstrated that microorganisms from the air are able to grow in
nutrient solutions. With the knowledge gained from these and other discoveries,
doctors and scientists began to develop the germ theory. The germ theory states that
some microorganisms are pathogens. However, scientists were not able to clearly
demonstrate this theory until Robert Koch developed his postulates.

Identification of the first disease pathogen

In the late 1800s, Robert Koch, a German physician, was studving anthrax
(AN thraks)—a deadly disease that affects cattle and sheep and can also affect people.

Koch isolated bacteria, like those in Figure 1, from the blood of
cattle that had died from anthrax. After growing the bacteria in
the laboratory, Koch injected the bacteria into healthy cattle.
These animals developed the disease anthrax. He then isolated
bacteria from the blood of newly infected cattle and grew the
bacteria in the laboratory. The characteristics of the two sets of
cultures were identical, indicating that the same type of bacteria
caused the illness in both sets of cattle. Thus, Koch demonstrated
that the bacteria he originally isolated were the cause of anthrax.

E Get It? Figure 1 These rodiike bacledia cause

Explain how Koch proved the germ theory comrect. .

Copior-Erharnced SEM Magnficabon uneeslable

-\
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BIC.3.1.01.087 Explain how Koch proved the germ theory correct Inﬁ:::a_ttifn fmt'_“ fext 45
et It’ question

Koch's postulates

Koch established and published experimental steps known as Koch’s postulates, which
are rules for demonstrating that an organism causes a disease. These steps are followed
today to identify a specific pathogen as the agent of a specific disease. Follow the steps
in Figure 2 as you read each of the four postulates.

Postulate 1- The suspected pathogen must
be isalated from the diseased host in every

7
- .
( : **AM case of the disease

- .

Postulate 2 - The suspected pathogen must
be grown in pure culture on artificial media in
the laboratory.

Pathagen identified and
grown in pure culture.

Pathogen

injected into '

healtrry animal.

A

* - .}
Postulate 3 - The suspected pathogen from
the pure culture must cause the same disease

when placed in a healthy new hast

Postulate 4 - The suspected pathogen must
Pathogen isalated from be isolated from the new host, grown again in
second anamal. pure culture, and shown to have the same

characteristics as the orginal pathogen.

Fgure 2 Koch's postulates demonstrate that a specific pathogen cawses a specific disease
Inler what Koch demonsinoted when he Solaed the same bacteno from the ol e sacond time.

Some exceptions to Koch's postulates do exist. Some pathogens, such as the pathogen
that is thought to cause syphilis (5IH fuh lus}, cannot be grown in pure culture on
artificial media. Artificial media are the nutrients that the bacteria need to survive and
reproduce. Pathogens are grown on this media in the laboratory. Also, in the case of
viruses, cultured cells are needed because viruses cannot be grown on artificial media.
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Past ministry exams

Which scientist established a method for determining whether a microorganism caused
a specific disease?

Koch
Hooke

Mendel

Sagan

Which of these involves the fourth step in Koch’s postulates?
Diseased host is given antibiotics

Fathagen in culture has same characteristics as original pathogan
suspected pathogen placed in healthy new host

suspected pathogen isolated from initizlly diseased host

Koch established and published experimental steps known as Koch's
postulates, which are rules for demonstrating that an organism causes a
disease. How many are Koch's postulate?

3

d
5
&
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2. Which scientist established a method for determining
whether a microorganism caused a specific disease?

@ Koch 5 Sagan

CORRECT

* Hooke * Mendel

7) Which of these involves the fourth step in Koch's postulates?
(O diseased host is given antibiotics
(O pathogen in culture has same characteristics as original pathogen
(O suspected pathogen placed in healthy new host
(O suspected pathogen isolated from initially diseased host

Koch established and published experimental steps known as Koch’
postulates, which are rules for demonstrating that an organism cause:
a disease. How many are Koch’s postulates?

A.3

7
D.6
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Past ministry exams

The figure below represents the anthrax bacteria, which Koch isolated from
the cattle . After of the following is not one of the Koch's postulates?
The suspected pathogen must be isolated from the disease host in half the

cases of the disease
The suspected pathogen must be grown in pure culture on artificial media in

the laboratory
The suspected pathogen must cause the same disease when injected in a

healthy new host
The suspected pathogen must be isolated from the new host

Koch's postulates demonstrate that the specific pathogen causes a
specific disease. Which letter of the following indicates that the pathogen

identified and grown in pure culture?
A p

|
B -
C I | o I
D H“ -
= aflagh
|
5
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Past ministry exams

The figure below represents the anthrax bacteria, which Koch isolated from the cattle. After growing the bacteria in the
laboratery, he injected the bacteria in a healthy animal. Which of the following is not one of the Koch's postulates?

The suspected pathogen must be grown in pure culture on arlificial media in the laboratory

b.

The suspecled pathogen must cause the same disease when injected in a healthy new host
i

The suspected pathogen must be isolated from the new host
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Transmission of pathogens

Pathogens are transmitted to humans in four main ways: direct contact, indirectly
through the air, indirectly through touching contaminated objects, or by organisms
called vectors that carry pathogens. Figure 3 illustrates some of the ways pathogens can

be transmitted to humans.

Dérect comtact ndirect conlact through air

Figure 3 [isea
ldenmtily i

Direct contact Direct contact with other humans is one of the major modes of
transmission of pathogens. Diseases such as colds, infectious mononuckeosis (mah noh
new klee OH sus) (commonly referred to as mono, or the "kissing disease”), herpes
(HUR peez), and sexually transmitted diseases are caused by pathogens passed
through direct contact, even if the person is a carrier.

Indirect contact Some pathogens can be passed through the air. When a person with an
infectious disease sneezes or coughs, pathogens can be passed along with the tiny mucus
droplets. These droplets then can spread pathogens to another person or to an object.

Many organisms can survive on objects handled by humans. Cleansing of dishes,

utensils, and countertops with detergents, as well as careful hand-washing help prevent
the spread of diseases that are passed in this manner. As a result, there are various food
rules that restaurants must abide by that are based on preventing the spread of disease.

Vectors Certain diseases can be transmitted by vectors. The most common vectors
are arthropods, which include biting insects such as mosquitoes and ticks. Recall from
Table 1 on the previous page that Lyme disease and malaria are diseases that are
passed to humans by vectors. The Zika virus is another exmple of a disease that can be
passed to humans by a vector. The Zika virus, which is currently spreading across
South America and North America, is transmitted to humans by infected mosquitoes.
The mosquitoes become infected when they bite a person who is already infected with
the Zika virus. The West Nile virus, cases of which were reported in 47 states in 2016,
is transmitted from horses and other mammals to humans by mosquitoes. Flies can
transmil pathogens by landing on infected materials, such as feces, and then landing
on materials handled or eaten by humans.

@Get It?

Describe how diseases are spread to humans.
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Which of the following can be a vector of disease?
Insects

Food

Air

=0il

Which of the following is the most common way infectious diseases spread between
people?

Genstic inheritance

Air droplets (coughing and sneezing)

huscle movernant

Bone growth

Which type of disease transmission is shown?
Direct contact

Object transmission

Alr transmission

Vector tramsmission

Mhich type of disease transmission is shown?
Jiract contact
Jbject transmission
\ir transmission
fector transmission
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- Whach of the following can be a vector of disease™
ArThiroooos InMsects &, aar
b. food d. soal

Which of the Follssing is tUhe most COmMman way iInfectious dieates 1pread betwien Deople?

IMrough geretic Inher i Lancs

Imrcaigh akr droplats (coughing and snaezing)

THir caui I P LS N e e

Through bone growth

wyriaiec e Ewrpoes ool clisesass trarssrrsissicery i sherwsrrs alsseesr
Ay cliresc i o car i daesi £, galajacti Erarmsrmaissaidsm
BS. air iranmsrriissicses L¥., wrarc iirr Lrarisrrulssicres

Which type of disease transmission is shown?

direct comlact
OhjicT trarEmrilEsion

& PFaErsmISHon

VCLE [FaimGmiESion
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LESSON 2

THE IMMUNE SYSTEM
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Bl0.3.1.01.088 Differentiate between specific and nonspecific immune responses infromation from text 12

Nonspecific Immunity

Al the time of birth, the body has a number of defenses in the immune system that fight
off pathogens. These defenses are nonspecific because they are not aimed at a specific
pathogen. They protect the body from any pathogen that the body encounters.

The nonspecific immunity provided by the body helps to prevent disease. Nonspecific
immunity also helps to slow the progression of the disease while the specific immunity
begins to develop its defenses. Specific immunity is the most effective immune
response, but nonspecific immunity is the first line of defense.

Barriers

Like the strong walls of a fort, barriers are used by the body to protect against patho-
gens. These barriers are found in areas of the body where pathogens might enter.

SEM Wlagraiication: unevalabie

Skin barrier The first major line of defense
is the unbroken skin and its secretions.
Skin contains layers of living cells covered
by many lavers of dead skin cells. By
forming a barrier, the layers of dead skin
cells help protect against invasion by
microorganisms. Of the many different
types of bacteria that normally live on the

skin, most have little or no effect on our
health. Many of the bacteria that live Staphylacoccus epidermids
symbioticallv on the skin digest skin oils to

produce acids that inhibit many pathogens.  Figure 8 These bacieria are found on human
Figl.ll'ﬁ 8 shows bacteria that are nnrma]]}-' skin and provide prolection from pathogens.

found on the skin and protect the skin from attack.

Chemical barriers Saliva, tears, and nasal secretions contain the enzyme lysozyme.
Lvsozyme breaks down bacterial cell walls, which kills pathogens.

Another chemical defense is mucus, which is secreted by many inner surfaces of the
body. It acts as a protective barrier, blocking bacteria from sticking to the inner epithe-
lial cells. Cilia also line the airway. Their beating motion sends any bacteria caught in
the mucus away from the lungs. When the airway becomes infected, extra mucus is

secreted, which triggers coughing and sneezing to help move the infected mucus out of
the body.

A third chemical defense is the hwdrochloric acid secreted in your stomach. In addition to
digestion, stomach acid kills many microorganisms found in food that could cause disease.
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Which is the first defense your body has against infectious disease?
The helper T cell

An antibody

Your skin

phagocytosis
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Past ministry exams

3. Which is the first defense your body has against
infectious disease?

g the helper T cell C yourskin  CORRECT

ﬁan antibody

g phagocytosis
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BIO.3.1.01.089 Sequence the steps of the antibody-mediated response and the cytotoxic T cell Infromation from text 16
response as a part of the specific immune system Figure 11

B Cell Response

B lymphocytes, often called B cells, are located in all lvmphatic tissues and can be
thought of as antibody factories. Antibodies are proteins produced by B lymphocytes
that specifically react with a foreign antigen. An antigen is a substance foreign to the
body that causes an immune response; it can bind to an antibody or T cell. When a
portion of a pathogen is presented by a macrophage, B cells produce antibodies. Follow
along in Figure 11 on the next page as vou learn about how B cells are activated to
produce antibodies.

When a macrophage surrounds, internalizes, and digests a pathogen, it takes a piece of
the pathogen, which is called a processed antigen, and displays it on its membrane, as
illustrated in Figure 11. In the lymphatic tissues, such as the lymph nodes, the macro-
phage, with the processed antigen on its surface, binds to a type of lvmphocyte called a
helper T cell. This process activates the helper T cell. This lvmphocyte is called a
“helper” because it activates antibody secretion in B cells and another type of T cell,

which will be discussed later, that aids in killing microorganisms:

* The activated helper T cell reproduces, binds processed antigens, and attaches to a B cell.

* The new helper T cells continue the process of binding antigens, attaching to B cells,
and reproducing.

* Once an activated helper T cell binds to a B cell holding an antigen, the B cell begins
to manufacture antibodies that specificallv bind to the antigen.

* The antibodies can enhance the immune response by binding to microorganisms,
making them more susceptible to phagocytosis and, by initiating the inflammatory
response, helping promote the nonspecific response.

B cells make many combinations of antibodies by antigen- Antigen-
using DNA that codes for the production of binding binding
various heavy and light protein chains that make site site

up antibodies, as shown in Figure 12. Any heavy
chain can combine with any light chain_If a B
cell can make 16,000 different kinds of heavy
chains and 1200 kinds of light chains, it can
make 19,200,000 different types of antibodies

Light Light
(1200 x 16,000). 9

chain chain

T Cell Response

Once helper T cells are activated by the presenta- Heavy chai
tion of an antigen by macrophages, helper T cells
can also bind to and activate a group of lvmpho-
cvtes called cvtotoxic T cells. Activated cytotoxic
T cells destroy pathogens and release chemicals
called cytokines. Cytokines stimulate the cells of the immune system to divide and
recruit immune cells to an area of infection. Cytotoxic T cells bind to pathogens, release
a chemical attack, and destroy the pathogens. Multiple target cells can be destroved by
a single cytotoxic T cell. Figure 11, on the previous page, summarizes the activation of
cvtotoxic T cells.

Eﬁet It?

Summarize the role that lymphocytes play in immunity.

Heawvy chain

Figure 12 Antibodies are made wp of two types of pratein
chains—heavy and lght chains.
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response as a part of the specific immune system

BIO.3.1.01.089 Sequence the steps of the antibody-mediated response and the cytotoxic T cell

Infromation from text 16

Figure 11

Figure 11 Visualizing Specific Immune Responses

Specific immune responses involve antigens, phagocytes, B cells, helper T cells, and cytotaxic
T cells. The antibody-mediated response involves antibodies produced by B cells and memory
B cells. The cytotoxic T cell response results in cytotoxic T cell activation.

Antipody-Mediated Response

Antigen =
enguifed.

Processed

oz ipaoT

Processed
Activated '”“'“'[9

A macrophage engulls
an antigen. & places a
portion of the antigen
outside the cell, held in
placa by a recaplo:

The aciwvaned helper T

Cytotoxic T Cell Response

Antigen s
emguifed

Procested
antgen

A

The macrophage
presenis the antigen to
the helper T cell by
binding o a recepior
on the helper T cell
Thiz bamding heips the

heiper T cel divide
Macrophage

T cail

Procossod
antigen

The actwvated hefper

B oel T coll presents a
cell presents a processed processed antigen ko
antigen to B celis. The B the cysotomic T ced,
cadls divide by milosis - SCivating it 5o dvioke
Cytotoo: and secrete
T cell —
Actrvated B

Some actwvabed B
cells nemain as
memory B cels.

B ceilz conginue 1o
dnide and produce
artDodes

The daughter B
calls conbinue o
dhdde and poduce
anbibodies. Same of

these daughber B
oells remain as
memory cells in
case the body
encouThers this

ame pathngen

o

The acthvabed
cytotosc T cell binds
to and oils
antgon-prosetng
firdected) ceils.
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What kind of immune response is demonstrated in the diagram?
Genetic
Maonspecific
Specific

hormonal

To which does the activated helper T cell present its antigen?
A pathozen

Bone marrow

A B cell

The thymus gland

Prod o wed ant gen

Mac rophage T el
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1. What kind of immune

response is demonstrated

in the diagram?

W genetic
W nonspecific

£ specific CORRECT

27 hormonal

2. To which does the
activated helper T cell
present its antigen?

% a pathogen

27 bone marrow

Processed antigen

Macrophage

Processed antigen

Macrophage Teel

€ aBcell CORRECT

N

ﬁ the thymus gland
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Infromation from text

BIO.3.1.01.089 Analyze the differences between the primary and secondary immune responses 'Get it question
to include the importance of memory B and T cells

18-19

Figure 13

assive and Active Immunity

The body’s first response to an invasion by a pathogen is called the primary response.
For example, if the viral pathogen that causes chicken pox enters the body, nonspecific
and specific immune responses eventually defeat the foreign virus and the body is
cleared of the pathogen.

One result of the specific immune response is the production of memory Band T cells.
Memory cells are long-living cells that are exposed to the antigen during the primary
immune response. These cells are ready to respond rapidly if the body encounters the
same pathogen later. Memory cells protect the body by reducing the likelihood of
developing the disease if exposed again to the same pathogen.

Passive immunity

Sometimes lemporary protection against an infectious disease is needed. This type of
temporary protection occurs when antibodies are made by other people or animals and
are transferred or injected into the body. For example, passive immunity occurs
between a mother and her child. Antibodies produced by the mother are passed
through the placenta to the developing fetus and through breast milk to the infant
child. These antibodies can protect the child until the infant’s immune system matures.

Antibodies developed in humans and animals that are already immune to a specific
infectious disease are used to treat some infectious diseases in others. These antibodies
are injected into people who have been exposed to that particular infectious disease.
Passive immune therapy is available for people who have been exposed to hepatitis

A and B, tetanus, and rabies. Antibodies also are available to inactivate snake and
SCOFpION Venoms.

Active immunity

Active immunity occurs after the immune system is exposed to disease antigens and
memory cells are produced. Active immunity can result from having an infectious
disease or immunization. Immunization, also called vaccination, is the deliberate
exposure of the body to an antigen so that a primary response and immune memory
cells will develop. Table 3 lists some of the common immunizations offered in the
United States. Immunizations contain killed or weakened pathogens, which are incapa-
ble of causing the disease.

Most immunizations include more than one stimulus to the immune system, given after
the first immunization. These booster shols increase the immune response, providing
further protection from the disease-causing organism.

Lﬁ“ Get It?

Describe the difference between passive immunity and active immunity.

Why are immunizations effective in preventing Primary and Secondary R —
disease? The characteristics of the secondary
= Farst Second

immune response, which is the response to a e it Antibodies

second exposure lo an antigen, enable immuni- Antigen X Antigen X o poed
B celis

zations to be effective in preventing disease.
Study the graph in Figure 13. Note that the
secondary response to the antigen has a number
of different characteristics. First, the response is
more rapid than the primary response, as shown
bv the grealer steepness in the portion of the
curves plotted in red. Second, the overall
response, both B and T cell response, is greater
during the second exposure. Lastly, the overall
memory lasts longer after the second exposure.

Serum antibody level

E Get it? Figure 13 This graph shows the ditference between the
m how immunizations help prevent primary and secondary imMune responses o exposure o
disease an antigen

Analyze ihe differences Delween the primary ood Second-

&y (MUMUNE fESponses
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Table 3 Common Immunization

| immunization | Disease | Contents |

[ inactivated tosdn,
Diphthesia (D), tetanus (T). A s

DPT ks % buhoo ey T: inactivated toxin,
u ; Ll
= b P: inactivated bacteria
Polio Paoliomyelitis Inactivated virus
MMR Measles, mumps, rubella All three inactivated viruses
Varicella Chicken pox Inactivated virus
HIB Haemophius influenzae (flu) Portions of bacteria cell wall
type b covering
HBV Hepatitis B Subunit of wirus
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The deliberate exposure of the body to an antigen to build future immunity is called ..... —
Phagocytosis

Cellular defense

Pazsive immumnity

immunization
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The deliberate exposure of the body to an antigen to build future immunity is called __.

) A) phagocytosis
) B) cellular defenss
) C) passive immunity

) D) immunization

Correct Answer

D) immunization
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LESSON 3

NONINFECTIOUS DISORDERS
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BIC.3.1.01.087 Differentiate between the five categories of noninfectious diseases, in terms of

Infromation from text 21-22-23-24
cause and examples

o
Genetic Disorders

Not all diseases or body disorders are caused by pathogens. Some diseases, such as albi-
nism, sickle cell anemia, Huntington's disease, and hemophilia, are caused by the inheri-
tance of genes that do not function properly in the body. There are also disorders, such as
Down syndrome and Turner syndrome, that result from abnormal chromoesome numbers.
Many diseases are complex and have both an enwironmental and a genetic cause.

Coronary artery disease (CAD) is an example of a condition
with environmental and genetic origins. This cardiovascular
disease can result in blockage of arteries, shown in Figure 15,
that deliver oxygenated blood to the heart muscle. There is a
genetic component that increases a person’s risk of developing
CAD. Environmental factors such as diet and inactivity contrib-
ute to the development of this complex disease. Families with a
history of CAD have a two to seven times greater risk of having
CAD than families without a history of CAD. The exact genelic
factors, however, are not known.

Eﬁet It?

Summarize the factors that cause coronary artery disease.

\ . L,, Figure 15 When biood cannol fow
1S - =1
Ledenerauve LIiscases throwgh a coronary artery, such as the

OsSeasad artery snown Neve, a neart

allack of sudden oeath & resull

Diseases that are the result of the bodv wearing out or of the
natural aging process are referred o as degenerative (dih JEH
nuh ruh tilw) diseases.
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An example of a disease caused by both genetic and environmental factors is

Inflammatory disease
Metabolic dizease
Degenerative disease

Coronary artery disease
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Past ministry exams

11) AN example of a disease caused by both genetic and environmental factors Is

Correct Answer

Blank 1: coronary artery disease
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£ BIO.3.1.01.087 Infer why cancer is life threatening 22

Figure 16

Degenerative Diseases

Diseases that are the result of the body wearing out or of the
natural aging process are referred to as degenerative (dih JEH
nuh ruh tilhw) diseases.

However, a degenerative condition, such as degenerative arthritis, could occur sconer
than would be expected if the person is genetically predisposed to the disease or if the
person’s joints have experienced an increased amount of wear and tear. Degenerative
arthritis is common; most people have it by age 70. It is found in almost all vertebrate
animals. Arteriosclerosis (ar tir ee oh skluh ROH sus), which is a hardening of the
arteries, is another example of a degenerative disease. Because degenerative diseases
also have a genetic component, some individuals might be more likely to develop such a
disease because of their genetic makeup.

Metabolic Diseases

Metabaolic disease results from an error in a biochemical pathway. Some metabolic
diseases resull in the inability o digest specific amino acids or to regulate body
processes. The condition known as phenylketonuria (PKU) is an inherited disorder that
creales the inability to break down part of a protein called phenylalanine. When the
pancreas does not make the proper amount of insulin and glucose does not enter body
cells normally, the condition is known as Type 2 diabetes. This results in high glucose
levels in the bloodstream, which causes damage to many organs including the kidneys
and the retinas of the eyes. Metabolic diseases can have a genetic component but also
can involve environmental factors such as diet.

Cancer

Cancer is characterized by abnormal cell growth. Normally,
certain regulatory molecules in the body control the beginning
and end of the cell cycle. If this control is lost, abnormal cell
growth resulls that could lead to various types of tlumors, as
shown in Figure 16. The abnormal cells can interfere with
normal body functions and can travel throughout the body.
Cancer can develop in any body tissue or organ, including the
blood cells. Cancer in the bload cells is called leukemia. Both
genetic and environmental factors have been shown to cause
Cancer.

HISTORY Cancer is a disease that has affected

humans since ancient times. Egyptian mummies show evidence
of bone cancer, and ancient Greek scientists described different
kinds of cancer. Medieval manuscripts have reported details ,
Inder why Bhis growih & 50
about cancer. o il
ME-Ireaienng

Figare 16 Cancer is due 0 an abnormal

nCrease in cell division iR the body,
'E'-'.h”e-l'll._] I & TLEmOr SUCh as s Shom Dumod
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') Coo o - disease results from a body part wearing out over time.

Inflamnmatory dissase
Metabolic dissase

Degenerative diseaze

cCancer

Which type of noninfectious disease is defined as a problem in a biochemical pathway
in the body?
Inflammmatory disease

Metabolic dizeass
Degenerative disease

Cancer
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Past ministry exams
4) A disease results from a body part wearing out over time.

Correct Answer

Blank 1: degenerative

2. Which type of noninfectious disease is defined as a
problem in a biochemical pathway in the body?

g inflammatory disease g degenerative disease

‘B metabolic disease % cancer
CORRECT
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Infromation from text
23

= Bl©.3.1.01.087 Explain the process of anaphylactic shock

'Get it' question

Inflammatory Diseases

Inﬂanmulur}' diseases, such as a]lf_fgit‘:i and a.ului.:::‘l.n'mnjl}'. are
diseases in which the body produces an inflammatory response

to a common substance. Recall from Lesson 2 that infectious diseases also result in an
inflammatory response. However, the inflammatory response in an infectious disease
enhances the overall immune response. This inflammatory response is a result of the

immune svstem removing bacteria or other microorganisms from the body. In inflam-
matory disease, the inflammaltory response is not helpful to the body.

Allergies

Certain individuals might have an abnormal reaction to environmental antigens.

A response to environmental antigens is called an allergy. These antigens are called
allergens and include things such as plant pollens, dust, dust mites, and various foods,
as shown in Table 4. An individual becomes sensitized to the allergen and has a localized
inflammatory response with swollen itchy eyes, stuffy nose, sneezing, and sometimes a
skin rash. These symptoms are the result of a chemical called histamine, released by
certain white blood cells. Antihistamine medications can help alleviate these symptoms.

EG&t h?

Explain how allergies are related to the immune system.

Severe allergic reactions to particular allergens can result in anaphylactic (an uh fuh LAK
tik) shock, which causes a massive release of histamine. In anaphyiactic shock, the smooth
muscles in the bronchioles contract, which restricts air flow into and out of the lungs.

Common allergens that cause severe allergic reactions are bee stings, penicillin,
peanuts, and latex, which is used to make balloons and surgical gloves, People

who are extremely sensitive lo these allergens require prompt medical treatment if
exposed to these agents, because anaphylactic reactions are life-threatening. Allergies
and anaphvlactic reactions are known to have an inherited component.

Table 4 Common Allergens

Example Description

oo -gprihanced SEM, magrilfceton = 44

Dwest mites are found in mattresses, plllows, and

Dust mite
carpets. Mites and mite feces are allergens.

Different paris of the country have very different
podien seasons. People can react to one of more
podiens, and a person’s pollen allergy season
r'nugn: be from early Speing 1o late fall

Plant pollen

Dander is skin flakes. Cat and dog allergies are
the most common, but people also are allergic
to pets such as birds, hamsters, rabbits, mice,

and gerbils.

Animal dander

Allergic reaction to peanuts can result in anaphy-
lactic shock. Peanut allergy is responsible for
more fatalities than any other type of allergy.

Peanut

Latex comes from the millky sap of the nubber
tree, found in Africa and Southeast Asia. The
exacl cause of latex allergy is unknown.
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Individuals can have a dangerous response t particular allergens, such as latex, and go
into anaphylactic shock. What will be the result?

Breathing problems
Atherosclerasis
Epileptic seizures

arthritis
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What will be the result?

A breathing problems g atherosclerosis
CORRECT

2., epileptic seizures 2., arthritis
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cause and examples

Autoimmunity

During the development of the immune system, the
immune system learns not to attack proteins produced
by the bodv. However, some people develop autoimmu-
nity (aw toh th MYOON ih tee) and do form antibodies
to their own proteins, which injures their cells Figure 17
shows the hands of a person with rheumatoid arthritis—a
form of arthritis in which antibodies altack the joints.
Degenerative arthritis, the form of arthritis that you read
aboul earlier in the section on degenerative diseases, is
not caused by autoimmunity

Rheumatic fever and lupus (LEW pus) are other
examples of autoimmune disorders. Kheumalie lever is
an inflammation in which antibodies attack the valves ol
the heart. This can lead to damage to the heart valves
and cause the valves to leak or not close properly as

blood moves through the heart. Lupus is a disorder in

which autoantibodies are formed and attack healthy IF";"'H? RE g NS i e

lissue. As a result, many organs are vulnerable to attack
by the body’s own immune system.
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In autocimmunity, which attacks the body's own proteins?

Antigen
Allergens

Antihistamines

antibodies

Which autocimmune disease can be indicated by large knobs on joints and deformities
of joints?

Rheumatoid arthritis
Tetanus=

Sickle-cell dizease

allergy
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Past ministry exams
5. In autoimmunity, which attacks the body’s own
proteins?
antigens € antibodies
CORRECT
2. . allergens < -, antihistamines

1. Which autoimmune disease can be indicated by
large knobs on joints and deformities of joints?

g tetanus

% sickle-cell disease

c rheumatoid arthritis  CORRECT

gallergy
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HOW ORGANISMS OBTAIN ENERGY
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BIO.2.4.01.028 Differentiate between autotrophs and heterotrophs '"f'°'"a:°" ":m et :2
igure

Tramcf -~ —~
ransformation of Energy

Many chemical reactions and processes in your cells are ongoing, even when you might
not think that you are using any energy. Macromolecules are assembled and broken
down, substances are transporied across cell membranes, and genetic instructions are
transmitted. All of these cellular activities require energy—the ability to do work.
Figure 1 on the next page shows some of the major advancements in the study of
cellular energy. Thermodynamics is the study of the flow and transformation of energy
in the universe.

Laws of thermodynamics

The first law of thermodynamics is the law of conservation of energy, which states that
energy can be converted from one form to another, but it cannot be created nor
destroved. For example, the stored energy in food is converted to chemical energy when
you eat and to mechanical energy when vou run or kick a ball.

The second law of thermodynamics states that energy cannot be converted without the
loss of usable energy. The energy that is “lost” is generally converted to thermal energy.
Entropy (EN truh pee) is the measure of disorder, or unusable energy, in a system.
Therefore, the second law of thermodynamics can also be stated as “entropy increases.”
One example of the second law of thermodynamics is evident in food chains. Recall
that at each step in a food chain, the amount of usable energy that is available to the
next trophic level decreases.

Autotrophs and heterotrophs

All organisms need energy to live. Directlv or indirectly, nearly all the energy for life
comes from the Sun. Some organisms make their own food, while others must obtain it
from other organisms. Organisms can be classified based on how they get the energy
they need to live.

& O-&

Sunlight Autotroph Heterotroph Heterotroph
Figure 2 Almast 2l the energy in lving organisms originates from the Sun, and energy flows from
autotrophs to hederotrophs

Autotrophs make their own food. Chemoautotrophs use inorganic substances such as
hydrogen sulfide as a source of energy. Photoautotrophs, such as the plant in Figure 2,
convert light energy from the Sun into chemical energy. Heterotrophs, such as the aphids
and the ladvbug in Figure 2, ingest food to obtain energy.
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BlO.3.4.01.028 Sequence the flow of energy from the sun to heterotrophs Figure 2 32

N\

o~

Sunlight Autotroph Heterotroph Heterotroph
ﬁgur&l Almapst & the emergy in Sveng organisms origenates irom the Sun, and EmErgy oS Broim
aulntrophs o hedesotrophs

Autotrophs make their own food. Chemoautotrophs use inorganic substances such as
hydrogen sulfide as a source of energy. Photoautotrophs, such as the plant in Figure 2,

convert light energy from the Sun into chemical energy. Heterotrophs, such as the aphids
and the ladybug in Figure 2, ingest food to obtain energy.
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Which is not a characteristic of energy?
can be created and destroyed

i= the capacity to do work
exists im forms such as chemical, light, and mechanical

changes spontaneously from order to disorder

Which organism depends on an external source of organic compounds?
autotroph

heterotroph
chermoautotroph

photoautotroph

Which part of this food chain provides energy to just one other part?
the chemoautotroph

the heterotroph
the Sumn

the photoautotroph
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1. Which is not a characteristic of energy?

g changes spontaneously from order to disorder
ﬁ is the capacity to do work

ﬁ exists in different forms

D can be created and destroyed CORRECT

2. Which organism depends on an external source of
organic compounds?

2., autotroph 52 chemoautotroph
B heterotroph ﬁ photoautotroph
CORRECT

3. Which part of this food chain

- %
provides energy to just one O - %-& ﬁ

other part?

2., the chemoautotroph 25 theSun
the heterotroph D the photoautotroph
CORRECT
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BI0.3.4.01.028 Explain the term metabolism '"f"""a:i”" f':r" e 2
Metabolism

All of the chemical reactions in a cell are referred to as the cell’s metabolism. As matter
and energy flow through different organizational levels of living svstems, chemical
elements are recombined in different ways Io form different products. A series of
chemical reactions in which the product of one reaction is the subsirate for the next
reaction is called a metabolic pathway. There are two main types of metabolic pathways:
catabolic (ka tuh BAH lik) pathways and anabolic (a nuh BAH Lik) pathways. Catabolic
pathways release energy by breaking down larger molecules into smaller molecules.
Anabolic pathways use the energy released by catabolic pathways to build larger
molecules from smaller molecules. As a result of these chemical reactions, energy is
transferred from one system of interacting molecules to another.

Energy continually flows between organisms
Photosynthesis is the anabolic pathway in which '

light energy is converted to stored chemical energy
by converting carbon dioxide plus water into sugars Skt

plus released oxygen. The energy stored in glucose is

transferred to other organisms when the molecules /r :am “

are consumed as food.

Cellular respiration is a catabolic pathway in which s W34 e
organic molecules are broken down to release energy. In u_&“m” rﬁﬂﬁmy
cellular respiration, oxygen is used to break down organic (heterotrophs)

molecules, producing carbon dioxide and water. Notice  Figure 3 Protosynthesis and celular respiration provide
the cyclical nature of these processes in Figure 3. most of the enengy for ife proesses
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Which does not describe photosynthesis?
a series of chemical reactions

An anabolic pathway
A catabaolic pathway

A process that stores energy
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5. Which does NOT describe photosynthesis?
<, a series of chemical 2.7, an anabolic pathway
reactions
B acatabolic pathway ﬁ a process that stores
CORRECT energy
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BIO.3.4.01.028 Describe the complementary processes of cellular respiration and Infremation from text
,photosynthesis with respect to the flow of energy and the cycling of matter within ecosystems ) 33
and explain how human activities can disrupt the balance achieved by these processes Figure 4
*."'P.'-"._ nit ¢ 1E y Emnaa
/ I he Unit of Cellular Energy

W Energy exists in many forms, such as mechanical energy

and chemical energy. In organisms, chemical energy stored in biological molecules can
be converted to other forms. For example, chemical energy is converted to mechanical
energy when muscles contract. Adenpsine triphosphate (uh DEN uh seen « tri FAHS
Bayt)—ATP—is the most important biological molecule that provides chemical energy.

ATP

Triphosphate
group

ATP structure

ATF is a multipurpose storehouse of chemical
energy that can be used by cells in a variety of
reactions. Although other carrier molecules trans-
port energy within cells, ATP is the most abundant Ribose

energy-carrier molecule in cells and is found in all

types of organisms. ATP plays an important role in ["ll

energy transfers within cells. As shown in Figure 4,

ATPF is a nucleotide made of an adenine base, Energy ’r‘.r
a nibose sugar, and three phosphate groups.

ATP function

ATP releases energy when the bond between the
second and third phosphate groups is broken,
forming a molecule called adenosine diphosphate
{ADF) and a free phosphate group, as shown in
Figure 4. Energy is stored in the phosphate bond Rbose
formed when ADP receives a phosphate group and
becomes ATP. As shown in Figure 4, ATF and ADP
can be interchanged by the addition or removal of a
phosphate group. Sometimes ADP becomes adenosine monophosphate (AMP) by losing
an additional phosphate group. There is less energy released in this reaction, so most of
the energy reactions in the cell involve conversions between ATP and ADP.

Figure 8 The breakodown of ATP rejeacses anargy 1or powesing
Celular acwlies in onganisms.
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What chemical bond in ATP releases energy when broken *
phosphate

Sulfur

Oxygen

potassium

Look at the following figure. Which molecule is released when ATP

becomes ADP? Adenine
z Triphosghate
phasphate group _ogreup o
Water molecule hhs .
. : Riboas |
Ribose sugsr ATE
Energy cells
denine
~ e-m, Diphosphats
QrOIgy
e peep, v p + EMeigy
| Riboisa I;"I'r:-';phal:-n e
AMP
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at chemical bond in ATP releases energy when broken?

" phosphate
T sulfur
C.” oxygen
D. © potassium

Look at the following figure. Which molecule is
released when ATP becomes ADP?

Adenine

Triphosphate
group

p—p—p + HO

(A)phosphate group  Ribose |
B. water molecule ATP

C. ribose sugar
D. energy cells

denine

Diphosphate

group

P—P. + P + Energy

L Ribose li’hOSphate “Pve

ADP
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PHOTOSYNTHESIS
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BIO.3.1.02.024 Explain that the hydrocarbon backbones of the sugars formed during
photosynthesis are used to make amino acids and other carbon-based molecules that can be Infromation from text 34
assembled into larger molecules used, for example, to form new cells

."i_‘\'- Yy, [ H. ) . FFEY TN P v
) 'W O Fhotosynthesis

YAV A S
L Ih'I:-‘[ W II- WY W .

Recall the first law of thermodynamics, which states that energy can be converted from one
form to another, but it cannot be created nor destroyed. Photosynthesis is a complex
chemical process that converts energy from one form to another. It is the main way that
solar energy is captured and stored on Earth. Along with cellular respiration, it provides
most of the energy for life processes.

Most autotrophs, including plants, make organic compounds, such as sugars, by a
process called photosynthesis. Recall that a basic function of photosynthesis is the
conversion of light energy into chemical energy. The products and reactants of
photosynthesis are identified in the overall chemical reaction for photosynthesis, which
is shown below.

hight
6CO, + 6H O ———» CH O, + 60,
Photosynthesis occurs in two phases. Phase one of photosynthesis consists of reactions
called the light-dependent reactions. First, light energy is captured, or absorbed, by
organelles called chloroplasts. It is then converted into chemical energy, which is stored
in ATP and NADPH molecules.

Phase two of phntn.lr}mthesiﬁ consists of a series of reactions called the L ghla
independent reactions. In phase two, molecules of ATF and NADPH that were formed
in the ph.ase one I.'q:'.hl—d.epfrujﬂnl reactions are used to make glu::uﬁe, a form of SUugar.

Once glucose is produced, it can be joined to other simple sugars to form complex
carbohvdrates, such as starch. The glucose molecules that are formed contain carbon,
hvdrogen, and oxygen; their hydrocarbon backbones are used to make amino acids and
other carbon-based molecules that can be assembled into larger molecules such as
proteins, lipids, or DNA used, for example, to form new cells.
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Bl0.3.1.02.027 Explain the main events which occur during the light-dependent phase including ; ionf -
generating ATP and NADPH using light and water nfromation from text

Phase One: Light Reactions

The absorption of light is the first step in photosynthesis. Flants have organelles that
capture, or absorb, light energy. Once the energy is captured, two energy storage
molecules, NADPH and ATF, are produced. These molecules are used in the
light-independent reactions.

Chloroplasts

Large organelles called chloroplasts capture light energy in photosynthetic organisms.
In plants, chloroplasts are found mainly in the cells of leaves. As shown in Figure 5,
chloroplasts are disk-shaped organelles that contain two main compartments essential
to photosynthesis. The First compartment is called the thylakoid (THI la kovd).
Thylakoids are flattened, saclike membranes that are arranged in stacks. The stacks of
thylakoids are called grana (singular, granum). The light-dependent reactions take place
within the thvlakoids. The second important compartment within the chloroplast is
called the stroma, the fluid-filled space that is outside the grana. The stroma, shown in
Figure 5, is the location of the light-independent reactions that take place in phase two
of photosynthesis.

@ Get It?

Apply Look back at the photo at the beginning of the module. What cellular
structures in the plants absorb the light that passes into the greenhouse?

Leaf

Figure 5 Phalasynthesis adcurs inside pigmented organebes called chlonoplasis

dentify the incafian of the siroma ond Ehyimkoads withe o phant cad
ND) U IVl U REV UIN U
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Where in the plant cell does photosynthesis take place?

Golgl apparatus Fa®
Mitochondria e

vacuoles
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Where in the plant cell does photosynthesis
take place?

(A)chloroplasts

B. Golgi apparatus
C. mitochondria
D. vacuoles
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BlO.3.1.02.027 Relate the role of various pigments to light absorption in photosynthetic

Infromation from text
36

Figure 6

Pigments

Light-absorbing colored molecules called
pigments are found in the thvlakoid
membranes. Pigments absorb specific
wavelengths of light energy, as illustrated in
Figure 6. Different pigments absorb different
wavelengths of light

The major light-absorbing pigments in plants
are chlorophvlls. There are several types of
chlorophylls, but the two most common types
are chlorophyll 2 and chlorophyll b. The
structure of chlorophyll can differ from one
molecule to another, enabling distinct
chlorophyll molecules to absorb light at unique
areas of the visible spectrum_ In general,
chlorophyils absorb light energy most strongly in
the violet-blue region of the visible light spectrum
and reflect light in the green region of the
spectrum. This is why plant parts that contain
chlorophyll appear green to the human eye.

ﬁ Get It?

Explain why many plant parts appear green
in color.

In addition to chlorophvils, most photosynthetic
organisms contain accessory pigments that
allow plants to trap additional light energy from
other areas of the visible spectrum. One such
group of accessory pigments is the carotenoids
(kuh ROH tuh noydz). Carotenoids, such as
E-carotene (beta-carotene), absorb light mainly
in the blue and green regions of the spectrum,
while reflecting most light in the yellow, orange,
and red regions, as shown in Figure 6.
Carotenoids are the pigments that produce the
colors of carrots and sweet polatoes.

Chlorophyils are more abundant than other
pigments in leaves, and thus hide the colors of
the other pigments. However, autumn in certain
parts of the United States can bring out shades
of yellow, red, and orange as the leaves turn
colors, as shown in Figure 7. As trees prepare to
lose their leaves before winter, the chlorophyil
molecules break down, revealing the colors of
the other pigments.

Absorption Spectrum of Photosynthetic Pigments
100

5850 GO0
Wavelengths (nmij
Figure & Coloru pigments found in the leaves of trees
differ in their ability to absord specfic wavekengths of Eght.
Hypothesize e eifec! on g absonplion I o pionl i ol
have ohvaropnyl b

Figure 7 When chiorophyll breaks down in the |8aes o
Some trees, the oher pigments Dernme wEinhe.
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Which range of wavelengths is reflected by chlorophylls a and b?
SO0 -500 mmn

S500- 600 nm
e00- 700 nm

Absorption Spectra of
Fhotosynthetic Pigments

Percentage of Light Absorbed

Wavelength of Light (nm)
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Which range of wavelengths is reflected by
chlorophylls & and b7

il P D el bl il
I'|||_|!-_|-|!.|-II-|_-F_ i l'qlr.'ul.

A 400-500 nm
{Ej 500-600 nm

C. 600-T00 nm

-

Perr#reage of Light Atacrhesd

|

E-'_'

‘WavelpngF ol Ligh? inmi
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Infromation from text

BlQ.3.1.02.027 Explain the details of the electron transport chain 37

'Get it' question

Electron transport

The structure of the thylakoid membrane is the key to efficient energy transfer during
electron transport. Thylakoid membranes have a large surface area, which provides the
space needed Lo hold large numbers of electrontransporting molecules and two types
of protein complexes called photosystems. Photosyvstem [ and photosystem [l contain
light-absorbing pigments and proteins that play important roles in the light reactions.

Follow along in Figure 8 on the next page as you continue to read about electron
transport.

* First, the light energy excites electrons in photosystem I1. The light energy also causes a
water molecule to split, releasing an electron into the electron transport system, a hydro-
gen jon (H')—also called a proton—into the thylakoid space, and the release of oxygen (O,)
as a waste product. This breakdown of water is essential for photosynthesis lo occur.

* The excited electrons move from photosystem 11 to an electron-acceptor molecule in
the thylakoid membrane.

+ Next, the electron-acceptor molecule transfers the electrons along a series of elec-
tron-carriers to photosystem L.

* In the presence of light, photosystem | transfers the electrons to a protein called
ferrodoxin. The electrons lost by photosystem | are replaced by electrons shuttled
from photosystem I1.

* Finally, ferrodoxin transfers the electrons to the electron carrier NADP*, forming the
energyv-storage molecule NADPH.

Chemiosmosis ATP is produced in conjunction with electron transport by the process
of chemiosmisis, the mechanism by which ATF is produced as a result of the flow of
electrons down a concentration gradient. The breakdown of waler is essential to this
process, not only for providing the electrons that initiate the electron transport chain,
but also for providing the protons (H') necessary to drive ATP synthesis during
chemiosmosis.

The protons (H') released during electron transport accumulate in the interior of the
thylakoid, creating a concentration gradient. As a result of a high concentration of H” in
the thvlakoid interior and a low concentration of H' in the stroma, H* protons diffuse
down their concentration gradient out of the thylakoid interior into the stroma through
ion channels spanning the membrane, as shown in Figure 8. These channels are
enzymes called ATP synthases. As H" moves through ATP synthases, ATP is formed in
the stroma.

E Get It?

Summarize the function of water during chemiosmosis.
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BIO.3.1.02.027 Describe the importance of chemiosmosis in generating ATP molecules during
photosynthesis

Figure 8
Visualizing Electron Transport

Activated electrons are passed from one molecule to another along the thylakoid
membrane. The energy from electrons is used to form a proton gradient.
As protons move down the gradient, a phosphate is added to ADP, forming ATP.

Stroma

Electron camiers

Photosystem |

Thylakoid space
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Past ministry exams

Which photosystem does the light-dependent reaction begin with?
Photosystem |

Photosystemn |
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Which photosystem does the light-dependent reaction begin with?

A. Photosystem |
B. Photosystem Il
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BIQ.3.1.02.027 Explain the main events which occur during the light-independent phase (Calvin Infromation from text 19
(Cycle Figure 9

Phase Iwo: | he Calvin Cycle

Although NADPH and ATFP provide cells with large amounts of energy, these molecules are
not stable enough to store chemical energy for long periods of time. Thus, there is a second
phase of photosynthesis called the Calvin cycle, in which energy is stored in organic mole-

cubes such as glucose. The reactions of the Calvin cycle are also referred 1o as the light-inde-
pendent reactions. Follow along in Figure 9 as vou learn the steps of the Calvin oycle.

* In the first step of the Calvin cyde, six carbon dioxide (CO,) molecules combine
with six 5-carbon compounds to form twelve 3-carbon molecules called
3-phosphoglycerate (fahs foh GLI suh rayt) (3-PGA). The joining of carbon dioxide
with other organic molecules is called carbon fixation.

* In the second step, the chemical energy stored in ATF and NADFH is transferred to the
3-PGA molecules to form high energy molecules called glvceraldehvde 3-phosphates
(G3P). ATP supplies the phosphate groups for forming G3P molecules, while NADPH
supplies hydrogen ions and electrons.

* In the third step, two G3P molecules leave the cyde to be used for the production of
glocose and other organic compounds.

+ In the final step of the Calvin cycle, an enzyme called rubisee converts the remaining
ten G3P molecules into 5-carbon molecules called ribulose 1, 5-bisphosphates (RuBF).
These molecules combine with new carbon dioxide molecules to continue the cycle.

Because rubisco converts inorganic carbon dioxide molecules into organic molecules

that can be used by the cell, it is considered one of the most important biological

enzymes. Plants use the sugars formed during the Calvin cycle both as a source of
energy and as building blocks for complex carbohydrates, including cellulose, which
provides structural support for plants.

B CDy Figure 8 The Calvin cycle poins
@ casbon dioxide with arganic male-
TE cudes inside the stroma of the
Rubisco o . chiaroplast
6 ribudoe 1.5-bisphasphate 123-Pah e Determine (he compound in which

m energy is skored af ihve end of the
’ @EBR oo

& ribiul oie-5-phps phute
clcicicic] v

Transpored from
chilarophsit 1o make
glacose, inactose,
starch, el
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Which best describes the role of rubisco?

It collects, stores and converts sunlight energy from the sun

It produces the electrons that are carried along the electron transport chain

It converts inorganic carbon dioxide into organic maolecules that can be usad by the cell

It splits molecules of water, releasing protons.

When carbon first enters the calvin cycle, what molecule does it combine with?
PGA

RuBF
G3P

ATP
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5. Which best describes the role of rubisco?

g It collects, stores, and converts light energy from
the Sun.

ﬁ It produces the electrons that are carried along
the electron transport chain.

¢ It converts inorganic carbon dioxide into  CORRECT
organic molecules that can be used by the cell.

% It splits molecules of water, releasing protons.

Q. When carbon first enters the Calvin cycle, what molecule does it combine with?

PGA GIP

O RuBP ATP
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BIO.3.1.02.027 Compare two alternative pathways to photosynthesis, to include C4 and CAM Infromation from text 40
Alternative Pathways ERTI Iy PRI S T
. closed during hot days, while the four-carbon
The environment in which an organism lives can compotnds are transferred to special cells
impact its ability to carry out photosynthesis. where CO, enters the Calvin cvcle. This allows
Environments with insufficient water or carbon for sufficient carbon dioxide uptake, while

dioxide can decrease the ability of a photosynthetic simultaneously minimizing water loss.
ism to convert light energy into chemical
urg.m.l.-.n:t e, L"f'm R CAM plants Another adaptive pathway used
energy. For example, plants in hot, dry erviron- A gk
' AR a# : by some plants to maximize photosynthetic

ments are subject 1o excessive water loss that can A S

: . activity is called crassulacean (KRAH soo lay
lead W0 decreased photosynthesis. Many plants in by ]- cid metabolism (CAM photosynth m
extreme climates have alternative photosynthesis R A H Y

. The CAM pathway occurs in waler-conserving

thwavs (o Maximize energEy COTVersiorn. o
5 ' & plants that live in deserts, salt marshes, and

C, plants One adaptive pathway that helps other environments where access to water is
plants maintain photosynthesis while limited. CAM plants, such as cacti, orchids, and
minimizing water loss is the C, pathway. The C, pineapples allow carbon dioxide to enter the
pathway occurs in plants such as sugarcane and leaves only at night, when the atmosphere is
corn. These plants are called C_ plants because cooler and more humid. At night, these plants
they fix carbon dioxide into four-carbon fix carbon dioxide into organic compounds.
compounds instead of three-carbon molecules During the dav, carbon dioxide is released from
during the Calvin cycle. C, plants also have these compounds and enters the Calvin cycle.
significant structural modifications in the This pathway allows for sufficient carbon
arrangement of cells in the leaves. In general, dioxide uptake while minimizing water loss.
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LESSON 3

CELLULAR RESPIRATION

END OF TERM 03 REVISION 2025-2026 — BIOLOGY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1 Jo¥l aagutal| g il
School Cluster 2.4 4.2 uyudl Ll
Zayed Ed. Complex - 0 atl o astl s
Al Khawaneej C1,C2 & C3 P A gl g2 i L e
&L MINISTRY OF EDUCATION A g aalidl g Jo¥l daladl
BI0.3.1.02.028 Differentiate between aerobic and anaerobic respiration Infromation from text a

Cellular r-._-ﬁpj.ratm-n has hwo main parts. [LI].rLrI].'.aL-, i5 an anasrobic process. Anaperobic
processes do not require OxXygen. Aerobic mpnﬁm includes the Krebs L'_!.'r:lu and
electron transport and is an aerobic process. Aerobic processes require oxygen.

et & Cellular Respiration
o T
L

iy P Ul

[
A
r
f.F ATP Mitochondriom
Glycodysis
GICLE Oy LI
co, H0
ATP ATH
Fegure W Cellular resparalion oCcurs in the mitochandria, Me enengy poweinduse argansies ol a ol
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BlO.3.1.02.028 Describe, using word and balanced chemical equation, the reactants and
products of cellular respiration

Infromation from text 41

% i 1 4 e & | " . b o e
Overview of Cellular Respiratiol

Organisms obtain energy in a process called cellular respiration, during which the
bonds of food and oxygen molecules are broken and energy transfers from one set of
interacting molecules to another. New compounds (ATF) form that can transport energy
to muscles. Energy needed to maintain body temperature despite ongoing energy
transfer to the environment is released. Cellular respiration is summarized in the
equation and Figure 10.

CH . O + 60, +6HO

6C0O, + 6H,O + Energy
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Which organelle is illustrated in the figure?
Golgi apparatus

Mitochondria -
Mucleus

Endoplasmic reticulum
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i i ey, MADH el
1. Which organelle is s

NADH & FADH,

illustrated in the figure?

<, Golgi apparatus Sl i)

B mitochondrion CORRECT

% nucleus

27, endoplasmic reticulum
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BIO.3.1.02.028 Identify the stages of cellular respiration and the location of each '""°m:;:':'l°lm et a2

" i r= = |y e
w0 Y LS L= 1

Glucose is broken down in the cytoplasm through the process of ghyeolysis. Two
molecules of ATP and two molecules of NADH are formed for each molecule of glucose
that is broken down. Follow along with Figure 11 as you read about the steps of
glycolvsis. First, two phosphate groups, derived from two molecules of ATF, are joined
to glucose. Notice that some energy, two ATF, is required to start the reactions that will
produce energy for the cell. The 6-carbon molecule is then broken down into two
3-carbon compounds. Next, two phosphates are added and electrons and hydrogen ions
(H") combine with two NAD" molecules to form two NADH molecules. NAD' is similar
to NADPF, an electron carrier used during photosyvnthesis. Last, the two 3-carbon
compounds are converted into two molecules of pyruvate. Al the same time, four
molecules of ATP are produced.

L

$ 8

Glucose F i
< N

~

U U
ese R
A

G i WS (s

Figure 11 Glucose & eoken down during glycolysis mskde the cytoplasm of cells
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In which molecule is most of the energy of glucose stored at the end of glycolysis?
Pyruvate

&TF
Carbon compound G3F
MAD+ am electron carrier
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5. In which molecule is most of the energy of glucose
stored at the end of glycolysis?

&, pyruvate cC ATP
CORRECT

2., acetyl CoA <, NADH
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BIO.3.1.02.028 Describe the steps of the Krebs cycle to include the reactants and products Infmm:_ﬁ““ f':zm rext a3
igure

Krebs Cycle

Glycolvsis has a net result of two ATF and two pyruvate molecules. Most of the energy
from the glucose is still contained in the pyruvate. In the presence of oxvgen, pyruvate
is transported into the mitochondrial matrix, where it is eventually converted to carbon
dioxdde. The series of reactions in which pyruvate is broken down into carbon dioxide is
called the Krebs cycle, or the tricarboxylic acid (TCA) cycle. This cycle also is referred to
as the citric acid cvcle.

Preparatory reaction

Frior to the Krebs cycle, the three-carbon pyruvate first reacts with coenzvme A (CoA)
to form a two-carbon intermediate called acetyl CoA and carbon dioxide (CO.). NAD" is
converted o NADH. Carbon dioxide is given off by the cell. Since there are two
muolecules of pyruvate for every preparatory reaction, it results in the production of two

carbon dicsade molecules and two NADH molecules. Acetyl CoA then moves to the
mitochondrial matrix.

Steps of the Krebs cycle
Follow along in Figure 12 as you . Pyruvate
continue reading about the steps of From giycobysis
the Krebs cycle. Cod
* The Krebs cycle begins with acetyl e

CoA combining with a 4-carbon NADH

compound to form a 6-carbon hcetyl Coll

compound known as citric acid. C 2C ey

« Citric acid is then broken down in -
the next series of steps, releasing

two molecules of carbon dioxide Citric acid
and generating one ATP, three g FMM NAD*
NADH, and one FADH,. FAD is NADH /% C“
another electron carrier similar to - J . ‘

NAD" and NADF", =

* Finally, acetyl CoA and citric acid i checubes
are generated and the cycle (CACACRC2C]
Ccontinues,

Recall that two molecules of ; L .

pyruvate are formed during ADe . ,{'\

glvcolysis, resulting in two “turns” of FADM; FAB  MADH NaD*

the Krebs cvcle for each glucose
molecule. The net vield from the
Krebs qt]’e is six carbon dioxide Trace Folow e path of corban Modecules Mot enler and
molecules, two ATF, eight NADH, lsove the Krebs cycie

and two FADH.. Ten NADH and '

two FADH_ move on to play a

signiﬁrml_mle in the next stage of

aerobic respiration.

Fgure 12 Pyvuvale is Droken oown o carbon dioxide
during the Krebs cycle nside the mitochandria of cells
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During the Krebs cycle pyruvate is broken down imto what compound?
Finzapple
H20

02

co
co2

Fyruvale
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During the Krebs cycle,
pyruvate is broken down
into what compound?

A. H,0
B.O,

(D)co,

|ADP

Pyruvate
- (from glycolysis)
Co, .
: NAD*
\ [INADH
Acetyl CoA
@®®—CoA
0A

Citric acid
NAD*
NADH

Five carbon
compound

Co,
T A INAD®
FADH2 INADH
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BIO.3.1.02.029 Compare and contrast the processes of lactic acid fermentation and alcohol Infromation from text

fermentation to include the reactants and products Figure 14

a5

Anaerobic Respiration

Some cells can function for a short ime when oxygen is low. Some prokaryotes are
anaerobic organisms—they live without oxygen. In some cases these cells continue to
produce ATP through glycolysis. However, there are problems with solely relving on
glvcolysis for energy. Glvcolysis provides only two net ATP for each molecule of glucose,
and a cell has a limited amount of NAD*. Glycolysis stops when NAD* is used up. The
anaerobic pathway that follows glyvcolysis is anaerobic respiration, or fermentation.
Fermentation occurs in the cytoplasm and regenerates the cell’s supply of NAD* while
producing a small amount of ATP. There are two types of fermentation.

Connection | Lactic acid fermentation In lactic acid fermentation,
enzymes convert the pyruvate made during glycolysis to lactic acid, as shown in

Figure 14. This involves the transfer of high energy electrons and protons from NADH.
Skeletal muscles produce lactic acid when the body cannot supply enough oxvgen, such
as during periods of strenuous exercise. When lactic acid concentration in musde cells
increases, muscles become fatigued and sore.

Alcohol fermentation Alcohol fermentation occurs in yeast and some

bacteria. Figure 14 shows the chemical reaction that occurs during alcohol fermentation
when pyruvate is converted to ethyl alcohol and carbon dioxide. Similar to lactic acid
fermentation, NADH donates electrons during this reaction and NAD* is regenerated.

Glucose Glucose
CacaCaCacac) [CRCACaCaCEC]
2 Lactic acid 2 Ethanol
- c 2cac) ®06
== =it
2 Acetaldefiyde
(C 2C
2 Pyruveie E 2 Pyruvate A 200,
0606 [cacac) C]
Lactic Ackd Fermentatian Alcornl Fermentatan

Figura ¥4 When owygen i absent of in limited supply, femmeniation Can ooCur.

identify he reochants and producls of e ool fermeanation and Sicohal FRrmeniaion
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Which is not a similarity between lactic acid fermentation and alcohol fermentation?

Both occur in the cytoplasm
Both produce a small amount of ATP
Both produce lactic acid

Both regenerate the cell’s supply of DNA
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3. Which is NOT a similarity between lactic acid
fermentation and alcohol fermentation?

% Both occur in the cytoplasm.
% Both produce a small amount of ATP.
€ Both produce lactic acid. CORRECT

% Both regenerate the cell’s supply of NAD*.
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Population Ecology
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1 Population Dynamics
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BlO.3.4.01.033 Identify population limiting factors to include density independent factors and Infromation from text 55
density dependent factors Figure 4

p— N N P s
' - -
| i Lt

=y B L = = = g =

Limiting factors are biotic or abiotic factors that keep a population from continuing to
increase indefinitely. Decreasing a limiting factor, such as the available food supply,
often changes the number of individuals that are able to survive in a given area. In
other words, if the food supply increases a larger population might result, and if the
food supply decreases a smaller population would likely result.

Density-independent factors

Any factor in the environment that does not depend on the number of members in a
population per unit area is a density-independent factor. These factors usually are
absotic and include natural phenomena such as weather events. Weather events that
limit populations include drought or flooding, extreme heat or cold, tornadoes,
hurricanes, or fires (as shown in Figure 4).

Crown fire damage Managed ground fue damage

Figure 4 A crown fire is a density-independent factor that can Emit population growth. However, small
q wind TWes Can promote ._|'.".'.'.| I 3 1orect it Ty
Explain wiy these hwo situctions imvolving fire have differend resaats an the ree popoiaiions
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Figure 4 on the last page shows an example of the effects that fire can have on a populi
tion. The ponderosa pines have been damaged by a crown fire, a fire that advances to
the tops of the trees. In this example, the fire limits the population of pumie:rus.a trees
by killing many of the trees. However, smaller but more frequent ground fires have the
opposite effect on the population. By thinning lower growing plants that use up nutri-
ents, a healthier population of mature ponderosa pines is produced.

Populations can be limited by the results of human interference. For example, over the
last 100 years, building dams and other human activities on the Colorado River have
significantly reduced the river's water [low and changed its temperature. In addition,
the introduction of nonnative fish species altered the river's biotic factors. Because of
the changes in the river, the number of small fish called humpback chub was reduced.
During the 1960s, the number of humpback chub dropped so low that they were in
danger of disappearing from the Colorado River altogether. Air, land, and water pollu-
tion are the result of human activities that also can limit populations. Pollution reduces
the available resources by making some of the resources toxic.

Density-dependent factors
Any factor in the environment that depends on the number of members in a population

per unit area is a density-dependent factor. Density-dependent factors are often biotic

factors such as predation, disease, competition, and parasites.

Predation A study of density-dependent factors was done on the wolf and moose
populations in northern Michigan on Isle Royale, located in Lake Superior. The

results of this study are shown in Figure 5.

Isle Royal Case Study
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Prior to the winter of 1947-48 there were apparently no wolves on lsle Royale. During
that winter, a single pair of wolves crossed the ice on Lake Superior, reaching the
island. During the next ten years the population of wolves reached about twenty indi-
viduals. Notice that the graph in Figure 5 on the previous page shows that the rise and
fall of the numbers of each group was dependent on the other group. For example,
follow the wolves’ line on the graph. As the number of wolves decreased, the number of
moose increased.

Disease Another density-dependent factor is disease. Outbreaks of disease tend to
occur when population size has increased and population density is high. When
population density is high, disease is transmitted easily from one individual to another
because contact between individuals is more frequent. Therefore, the disease spreads
easily and quickly through a population. This is just as true for human populations as it
is for populations of protists, plants, and other species of animals.

Competition Competition between
organisms also increases when densily
increases. When the population increases to a
size where resources such as food or space
become limited, individuals in the population
must compete for the available resources.
Competition can occur within a species or
between two different species that use the
same resources. For example, the foxes fighting
over the squirrel in Figure 6 also compete with
other species, such as covotes, for the same
food source.

i - - : Figure & A decrease in the food supply can trigged
Competition for insufficient resources might competition petwesn members of 1he same spees
result in a decrease in population density in an
area due to starvation or to individuals leaving the area in search of additional
resources. As the population size decreases, competition becomes less severe.

Parasites Like disease, parasitic organisms can place limits on a population. The
presence of parasites is a densitv-dependent factor thal can negatively affect population
growth at higher densities.
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Which is a possible reason for the relatively guick spread of the shown
disease?

An abilotic factor

A decreased food supply
Increased population density

Increased immunity
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Which is a possible reason for the relatively quick
spread of the shown disease?

A. an ablouic factor

B. a decreased food supply

L. increased population density

D. increased immunity
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,Bl0.3.4.01.033 Explain the factors that influence population growth rate to include emigration

. A N N . . . Infromation from text 58
immigration, natality, mortality and carrying capacity

Population growth rate

An important characteristic of any population is its growth rate. The population growth
rate (PGR) explains how fast a given population grows. One of the characteristics of the
population ecologists must know, or at least estimate, is natalitv. The natality of a
population is the birthrate, or the number of individuals born in a given time period.
Ecologists also must know the mortality—the number of deaths that occur in the popu-
lation during a given time period.

The number of individuals emigrating or immigrating also is important. Emigration (em
uh GRAY shun) is the term ecologists use o describe the number of individuals moving
away from a population.

Immigration (ih muh GRAY shunj is the term ecologists use to describe the number of
individuals moving into a population. In most instances, emigration is about equal to
immigration. Therefore, natality and mortality usually are the most important factors in
determining the population growth rate.

Some populations tend to remain approximately the same size from year to year. Other
populations vary in size depending on conditions within their habitats. To better
understand why populations grow in different ways, you should understand two mathe-
matical models for population growth—the exponential growth model and the logistic
growth model
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Exponential growth model Look at Figure 7 Exponential Population Growth
to see how a population of mice would grow if

there were no limils placed on it by the g s ——
environmendt, % a0 _— }
E s ]
Assume that two adult mice breed and produce a 5 . f
litter of twio young. Also assume the two off- 3 1t trTT1< T
15

spring are able lo reproduce in one month. 1If all

of the offspring survive to breed, the population 2w
grows slowly at first. This slow growth period is E 05 I / /
defined as the lag phase. The rate of population 0 :
growth soon begins to increase rapidly because T 3 RN
the total number of organisms that are able to Months

r'epmdun.* has increased. After unl_'l.' two years, Figure 7 If mice were allowed 1o réproduce unhindered,
the experimental mouse population would reach
more Lhan three million mice.

the papulaton would grow slowdy at firsl but waakd

acceborabe guickly

Infer why mice or alher populations oo Ml continge 1o
[UTSZW Connection| Notice in Figure 7 that ~ grow expanentially

once the mice begin to reproduce rapidly, the graph

becomes Jshaped. A Fshaped growth curve llus-

trates exponential growth. Exponential growth, also called geromedric growth, oocurs when

the growth rate is proportional to the size of the population. All populations grow exponen-

tally until some limiting factor slows the population’s growth. It is important to recognize

that even in the lag phase, the use of available resources is exponential. Because of this, the

resouirces soon become limited and population

growth slows. Logistic Population Growth

Carrying capacity Ecosystems have limits to the numbers of organisms and
populations they can support. The maximum number of individuals in a species that
an environment can support for the long term is the carrying capacity. You will notice
in Figure 8 on the last page that logistic growth levels off at the line on the graph
identified as the carrying capacity.

Carrying capacity is limited by such factors as the availability of living and nonliving
resources and from such challenges as predation, competition, and disease. Organisms
would have the capacity to produce populations of great size were it not for the Eact that
environments and resources are finite. This fundamental tension affects the abundance
{number of individuals) of species in any given ecosystem. When populations develop
in an environment with plentiful resources, there are more births than deaths. The
population soon reaches or passes the carrying capacily. As a population nears the
carrying capacity, resources become limited.

If a population exceeds the carrying capacity, deaths outnumber births because
adequate resources are not available to support all of the individuals. The population
then falls below the carrying capacity as individuals die. The concept of carrving
capacity is used to explain why many populations tend to stabilize.

growth slows. I.::glFsﬂcTPupulaﬂon Growth

Logistic growth model Most populations 0000 Carrying capaciy |

grow like the model shown in Figure 8 rather | §
than the model shown in Figure 7. Notice that § 8000 ' i
the graphs look exactly the same through some B e ’ | :
of the time period: the number of individuals E ]sam | 3
begins very low, then increases very rapidly. & so00 1 3
During this period, competition for resources ol V 3
among individuals in the population is low. ! 1 /’] i
The second graph, however, curves into the " 1367 9 1N1BETHANBAE
S-shape tvpical of logistic growth. Population Time period

growth stops increasing when an environment’s  Figure 8 When a population exhibits growth that results in
carrying capacity has been reached. an 5-shaped graph, it exhibits logistic growth. The population

leveds off at a limit called the camying Capacity
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What do the time periods 1-7 represent?
Acceleration growth phase

Carrying capacity

Exponential growth

Lag phase

Population Growth

10,000
% 8000

6000
3 4000

o L)

1 3 S 7 9 M 13 15 W 19 21 23 25
Time period
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3. What do the time periods 1-7 represent?

2, acceleration growth 3. exponential growth
phase
* carrying capacity D |ag phase
CORRECT

10,000
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Population
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Population Growth
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Reproductive patterns

The graph in Figure 8 shows the number of individuals increasing until the carrying
capacity is reached. The graph is a useful population model, and can be used to predict
how a population’s number might change over time.

However, there are several additional factors that must be considered for real popula-
tions. Species of organisms vary in the number of births per reproduction cyvele, in the
age that reproduction begins, and in the life span of the organism. Both plants and
animals are placed into groups based on their reproductive factors. However, not all
organisms fit under a specific reproductive strategy.

Members of one of the groups are called the r-strategists. The rate strategy, or r-strategy,
is an adaptation for living in an environment where luctuation in bictic or abiotic
factors occur. Fluctuating factors might be availability of food, E

changing temperatures, or migrating animals. An r-strategist is
generally a small organism such as a fruit fly, a mouse, or the
locusts shown in Figure 9. r-strategists usually have short life
spans and produce many offspring_

The reproductive stralegy of an r-strategist is 1o produce as many
offspring as possible in a short ime period in order o take
advantage of some environmental factor. Organisms classified as
r-strategists typically expend little or no energy in raising their ~ Fure 9 LOGISIS. Which are an exampie
young to adulthood. Populations of r-strategists are usually .Lu "‘:_”"h":'ri[j:l;'i“" many oftspring
controlled by density-independent factors, and they usually do e T

not maintain a population near the carrying capacity.

nfer what specific foctors might

Ruciaie in 0 cusE's amenommenl.

Just as some environments fluctuate,
others are fairly predictable. The
elephants in Figure 10 experience a
carrying capacity that changes little
from year to year. The carrying-
capacity strategy, or k-strategy, is an
adaptation bor living in environments
that are fairly stable.

A k-strategist generally is a larger
organism that has a long life span,
produces few offspring, and whose
population reaches equilibriom at the
carrying capacity.

The repruduu:li.w: strategy of a Fegure 10 Elephants are k-strateqists Mial prodisce few affspring. but
k-strategist is to produce only a few they imvest a lot of care in the raising of thelr offspring

offspring that have a better chance of living to reproductive age because of the energy,

resources, and time invested in the care for the young. The number of individuals in a

population of k-strategists usually are controlled by density-dependent factors and not

by density-independent factors. For example, a ten-degree change in temperature might

be enough to drastically reduce the number of locusts in a population, but it would not

likely influence the number of elephants in a population.
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9-Which organism is the best example of
a k-strategist?
A. wolf

B. grasshopper
C. rabbit

@whale
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,Bl0.3.4.01.042 Define demography as the study of human population size, density, distribution Infromation from text 61

movement, death and birth rates

Human Population Growth

The study of human population size, density, distribution, movement, and birth and
death rates is demography (de MAH gra fee). The graph in Figure 11 shows demogra-
phers’ estimated human population on Earth for several thousand vears.

Human Population on Earth
12
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s N Y
N = 1§t
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=?
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2
1

imiléon 6000 5000 4000 3000 2000 000 AD. AD AD
yEars BC. BC. BC BC BC BC 1 1000 2000

Year
Figure 11 The human popuelation on Earth was relatively constant until recent times, when Me population

Degan o grow at an exponentiad raie
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