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I: Cell Structure and Function 

Ia) The Cell as the Structural and Functional Unit of Which All Organisms Are Composed  

The cell is the basic structural unit of living things. It is the fundamental unit of which all 
organisms are composed. The number of cells can range from just one to many millions. Each 
individual cell and its structures are microscopic. Animals and plants are multicellular 
organisms—an affiliation of cells that together form a single organism. Each cell is made up of a 
number of specialized structures, each of which carries out one or more specific functions. All 
the cellular structures must function in an integrated manner for the cell to function as a whole.  

Important cellular structures found in the cells of plants and animals (including humans), 
and their functions include: 

Cell Membrane (also called “plasma membrane”)—an “oily layer” rich in lipids that 
surrounds the cell like the skin of a grape. (Lipids are substances that are not soluble in water. 
Fats and oils are lipids.) Because of the cell membrane, cells have a defined “inside.” Anything 
inside the cell membrane is “inside” the cell. The cell membrane isolates the contents of the cell 
from the external environment, keeping what is inside the cell inside and allowing its internal 
environment to differ from the environment outside it. To ensure that necessary materials can 
enter and leave the cell, the cell membrane has structures that act as carriers and channels.  

Nucleus—a region inside the cell that is enclosed in a nuclear membrane and that 
contains the genetic material (DNA) and carries specifications for reproduction of the cell, for 
building all the cellular components, and for coordinating cellular functions. Because the nucleus 
is a membrane-enclosed compartment with a distinct structure and function, it can be described 
as an “organelle.”  

Cytoplasm—the contents of the cell that is contained within the cell membrane, but 
which is not part of the nucleus is called cytoplasm. Many important enzymes and small 
molecules, such as water, carbon dioxide, and oxygen, float freely in the cytoplasm. The 
cytoplasm also contains many membrane-bounded structures called cytoplasmic organelles 
(membrane-enclosed compartments, each with a distinct structure and function.)  

Mitochondria—cytoplasmic organelles that carry out aerobic respiration (a process that 
uses oxygen), allowing plant cells to extract energy from glucose, which is a simple sugar. 

Important cellular structures found in the cells of plants and not in the cells of animals 
and their functions include: 

Chloroplasts—cytoplasmic organelles found in the cells of leaves and stems of plants, 
they contain the pigment chlorophyll and carry out photosynthesis—the process whereby plants 
make the simple sugar glucose, the fuel that provides cells with energy.  

Cell Wall—located outside the cell membrane, this extracellular structure surrounds the 
cell membrane of plant cells. The cell wall provides protection and contributes to the cell’s shape 
and rigidity. (Extracellular structures are made inside the cell and transported to a location 
outside the membrane.) 
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Cheek Cells      Plant Cell and Cheek Cell  

 

 
Onion Cells 

 

Ib) Integration of Cellular Structure and Function 
All of the cellular structures must function in an integrated manner for the cell to function 

as a whole. The process of respiration that occurs in plant and animal cells and the process of 
photosynthesis that occurs in plant cells illustrates this integration.  

The Process of Cellular Respiration—All organisms and their cells must have energy to 
survive. Cellular respiration is the process of releasing energy stored in glucose. In humans, 
glucose is derived from foods that come directly or indirectly from plants. 

Cellular respiration is a complex chemical process that occurs in the mitochondria. The 
number of mitochondria in a cell can vary from one to over 1,000. Yet, all mitochondria have a 
similar structure that includes an outer membrane and an inner membrane that is folded and 
contains fluid. Glucose enters the fluid by passing through the outer and inner membranes. 
Enzymes located in the fluid then “process” the glucose. Other enzymes located in the inner 
membrane then extract “packets” of energy from this processed glucose. These “energy packets” 
leave the mitochondria through the membranes and enter the cytoplasm. Cellular respiration is a 
lot like burning wood or any other fuel. During respiration, oxygen that enters the cell through 
the membrane interacts with fuel to release energy, waste carbon dioxide, and water. But there is 
an important difference. In a fire, the energy is released in a single burst. In a cell, the energy is 
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released and stored as small “packets” that are transported to various structures in the cytoplasm 
for later use. This means that respiration is a controlled process and provides energy when 
needed, in contrast to a single burst of heat energy such as occurs when a match or a piece of 
charcoal burns.  

In addition to releasing energy from glucose, the process of cellular respiration also 
releases energy stored in fats. 

 

       
Fluid Contains Glucose       Glucose Produced           Energy Released 

 

The Process of Photosynthesis—Each plant cell contains thousands of chloroplasts. Each 
chloroplast is made of dozens of tiny discs. The surfaces of these discs contain chlorophyll.  

 

 
Chloroplasts 

 

During the process of photosynthesis, which means “putting together by light”, 
chlorophyll traps the energy of sunlight as it passes into the cell. Once trapped, the energy 
provides power for turning water and carbon dioxide (that have entered the cell through the cell 
membrane) into glucose. As glucose is produced, oxygen is given off as a waste product. The 
oxygen leaves the cell through the membrane and is released into the environment. Glucose, on 
the other hand, remains in the cell and is used as needed during the process of respiration.  



 5 

     
    Glucose Produced     Glucose Stored 
 

II: Genes and Heredity 

IIa) Genetic Material 
As described previously, the cell is the basic structural unit of living things. It is the 

fundamental unit of which all organisms are composed. The cell is made up of specialized 
structures, each of which carries out one or more specific functions. One such cellular structure 
is the nucleus. The nucleus is a region inside the cell that is enclosed in a nuclear membrane and 
that contains the genetic material that carries specifications for reproduction of the cell, for 
building all the cellular components, and for coordinating cellular function. Chromosomes, 
genes, and DNA are important components of genetic material.  

Chromosomes are discrete physical units that can be thought of as packages containing 
defined sets of genes, each of which is in a particular location on the chromosome. Humans have 
23 pairs of chromosomes—or 46 chromosomes—in the nucleus of body cells. Each chromosome 
contains a defined set of hundreds or thousands of genes. The chromosome is composed of a 
long strand of DNA (deoxyribonucleic acid). If you observed DNA with a very powerful 
microscope, you might be able to see that its structure is a double helix and resembles a “twisted 
ladder.” Each gene, specifying the information for a particular hereditary characteristic, is found 
in a specific region of the DNA. The array of genes contained in the chromosome run in a linear 
fashion, with one gene following another along the length of the DNA.  

    
  Chromosomes    A Section of a Chromosome 
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Connecting the two sides of the DNA ladder are “rungs,” each rung being made up of 
two units that, together, form a pair. A letter, which corresponds to the first letter of the units’ 
names, identifies the individual units that make up the pair. The units are: A (adenine), T 
(thymine), C (cytosine), G (guanine). The units pair according to a specific rule. For each rung of 
the double helix, the A unit always pairs with a T unit (or vice versa) and the C unit always pairs 
with a G unit (or vice versa). Therefore, each rung is made up of one of the pairs—either AT or 
TA or CG or GC. With other pair combinations, the ladder will fall apart. The ladder only “fits 
together” when the pairs AT, TA, CG, or GC are used.  

 
Rungs of the DNA Ladder 

 

IIb) Genes as Coded Information 
A gene is a unit of information about a particular trait or characteristic. The DNA code 

for each gene provides information for the particular trait. To make sense of the ladder, blocks of 
three letter combinations of the letters A, T, C, or G are read in sequence down one side to 
determine which of 20 building blocks is required to make a particular gene product. The units 
on the other side do not make sense. In looking at all the genes on the ladder, some are read as 
making sense on one side of the ladder, while others are read as making sense on the other side.  

 
Reading the DNA Ladder 
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IIc) Gene Versions  
In the body cells of organisms that reproduce sexually, the chromosomes occur in pairs. 

One member of the pair has a set of genes derived from the male sperm. The other member of 
the pair has a set of genes derived from the female egg. Each of the two chromosomes that make 
up the pair carries the same sequence of genes in the same order on the chromosome. However, 
the two chromosomes may have slightly different versions, or alleles, of the same gene. Some 
genes have a dominant and a recessive version. Dominant genes are usually represented as 
upper-case letters. Recessive genes are usually represented as lower-case letters.  

With the dominant version, the gene must be present on only one member of the pair for 
the trait to be expressed. If one member of the chromosome pair bears the dominant gene and 
one member of the pair bears the recessive version, only the dominant trait will be expressed. In 
this case the recessive version of the gene is “masked.” With the recessive version, the gene must 
be present on each member of the chromosome pair for the trait to be expressed. For example, 
individuals who can taste PTC (phenylthiocarbamide) have at least one copy of a dominant gene 
(T) that codes for a structure on the tongue that can respond to bitter compounds and enables the 
person to taste PTC. Individuals who cannot taste PTC have two copies of a recessive gene (t) 
that codes for a structure on the tongue that is not sensitive to PTC. An individual needs to have 
only one copy of the T allele to taste PTC. Therefore, in the case of PTC, T is dominant to t. 
Individuals who can taste PTC have either gene versions TT or Tt. Individuals who cannot taste 
PTC all have gene versions tt. 

Some traits, such as hair curliness, result from gene versions that are neither dominant 
nor recessive. Other traits, such as hair color and eye color, result from the interaction of several 
different genes, which may be located on different chromosomes. 
 

IId) Passing on of Genetic Information Through Asexual Reproduction 
Reproduction is the process by which living things give rise to offspring (new 

individuals). Heredity, also called inheritance or biological inheritance, is the passing on of 
genetic information from parents to offspring through asexual reproduction or through sexual 
reproduction. Prokaryotes (Archaea and Bacteria) are unicellular organisms that do not have a 
nucleus. They reproduce asexually through binary fission—a process in which the parent 
organism divides to produce two genetically identical daughter organisms. Some eukaryotes, 
unicellular organisms that have a nucleus (such as protists and unicellular fungi), may reproduce 
asexually in a similar manner through mitosis. However, most of these organisms are also 
capable of reproducing sexually. See Section IIIe (The Reproductive System) for more 
information about asexual reproduction. 

The sequence of events by which an organism reproduces by binary fission and results in 
two new daughter cells being exact genetic copies of the parent cell is as follows: When the 
parent cell begins to divide, it increases in size and creates a duplicate copy of the DNA 
information. To create the copy, the DNA unzips along the rungs of the DNA ladder where the 
unit pairs. According to the pairing rule, a new unit is added to each of the exposed single units 
of the unzipped DNA. For example, an A is added to a T or vice versa and a C is added to a G or 
vice versa. After duplication of the DNA has been completed, the dividing cell has two 
chromosomes, each containing an identical set of genes, where before there was only one. 
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  DNA Unzips    Duplication of DNA Completed 

 
 

 
Parent Cell Divides into Identical Daughter Cells 

 

 
IIe) Passing on of Genetic Information Through Sexual Reproduction 

Many organisms, including humans, have sexes and pass information on through the 
process of sexual reproduction. This requires the union of two specialized cells, the sperm from 
the male and egg from the female. In the body cells of sexually reproducing organisms, each 
chromosome occurs as a pair. For example, an onion has 8 pairs of chromosomes for a total of 
16; a mosquito has 3 pairs of chromosomes for a total of 6; a sunflower has 17 pairs for a 
total of 34; a dog has 39 pairs for a total of 78; humans have 23 pairs of chromosomes for a 
total of 46. One chromosome, or member of the pair, is derived from the male; one chromosome, 
or member of the pair, is derived from the female.  

In the formation of the sperm and egg that occurs in the reproductive cells of the male 
and the female, specialized sex cells undergo mitosis until they begin to develop into gametes 
with each gamete receiving only one chromosome from each of the chromosome pairs. A two-
phase division process called meiosis accomplishes reduction from the diploid number of 
chromosomes to the haploid number. For example, in humans the mature sperm or gametes 
produced in the male reproductive organs each contain 23 single chromosomes.  
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Mitosis 

      
                     Chromosomes Double         Identical Daughter Cells Form 

 
Meiosis I 

     
Two Homologous Diploid Chromosomes Form 

 

Meiosis II 

 
Four Haploid Chromosomes Form 
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In the formation of the fertilized egg, or zygote, the male sperm cell and female egg cell 
unite. Since each sex cell contributes one set of single chromosomes, the fertilized egg contains 
pairs of chromosomes. For example, the fertilized egg of humans contains 23 chromosome pairs, 
for a total of 46 chromosomes (the diploid number of chromosomes). For any particular 
chromosome pair, one chromosome contains a set of genes derived from the male and one 
chromosome contains a set of genes derived from the female. Because the body cells of the new 
organism that develops contains genes that come from two parents, the genetic information of 
the offspring is not identical to that of either parent. Therefore, it is not an exact genetic copy of 
either parent.  

       
  Male Sperm   Female Egg   Zygote 

After fertilization, the zygote, containing genes from each parent, divides to form the 
cells of the body through the process of mitosis. In mitosis the complete sequence or set of genes 
on each member of the paired chromosomes is copied. As the cell divides, each daughter cell 
receives a complete set of chromosomes so that each new cell gets a complete copy of all the 
genes derived from both parents. Therefore, each body cell contains an identical set of genes. 

The mechanism of DNA copying and migration of chromosomes into daughter cells as 
the cell divides occurs before and after birth and continues until the organism dies. It is basically 
identical to that described in the previous section and summarized below.  

The original cell increases in size and creates a copy of the DNA information in each of 
its chromosomes. After the copying has been completed, each original chromosome has formed 
two chromosomes. Each of these two chromosomes has genes that are identical. As the cell 
divides, one complete set of pairs of chromosomes, containing a complete set of the genes for the 
cell, migrates to each of the two new daughter cells. So, each new cell receives an identical set of 
chromosome pairs containing an identical set of genes. Because the DNA information of the 
original cell was faithfully copied the genes of each new cell are identical to the genes of the 
original cell. The new cells are exact genetic copies of the original cell. 

It is important to realize that although body cells contain copies of the same set of genes 
present in the original zygote, not all the genes are “on” in every cell. Turning individual genes 
“on” or “off” enables cells to take on particular specialized functions. Cells have precise 
mechanisms that generate and respond to signals so that specific genes are turned “on” or “off” 
in the correct cells at the correct time. For example, a red blood cell must make hemoglobin so 
that it can carry oxygen; a skin cell must make keratin to give strength and protection to the outer 
layer of the body. A skin cell does not make hemoglobin and a red blood cell does not make 
keratin. The information for making each specific product (keratin or hemoglobin) is written in 
the DNA code for a specific gene located in a particular region of the DNA. The result of 
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specific genes being “on” or “off” in the correct cells at the correct time results in the required 
product being made or not made in an appropriate place and at an appropriate time. 

 
IIf) Mutations 

As genes are replicated during cell division, changes may occur in DNA information 
content. These changes in information content are termed mutations. When mutations occur in 
the sex cells, the altered genes may be passed on from parent to offspring. Mutations that 
interfere with normal cell function can result in genetic diseases. 

As well as errors in copying the DNA, there can also be errors in which one or more of 
the chromosome pairs does not separate normally during cell division. Therefore, it fails to be 
properly divided between daughter cells as the sex cells mature. Consequently, one daughter cell 
may lose or gain an entire chromosome. 

Some mutations have very serious effects, leading to genetic diseases. In other cases, the 
mutation has only a slight or even no effect on the function of the cell. 

 

III: Organ Systems 
 
IIIa) Human Body Organ Systems and Main Functions 

An organ system is a group of organs that work together to perform certain main 
functions in an organism’s body. The organ systems of the human body and their main 
components and functions are listed below: 

Digestive System—mouth, pharynx, esophagus, stomach, intestines, liver, pancreas, 
anus—food processing (ingestion, digestion, absorption, elimination).  

Circulatory System—heart, blood vessels, blood—internal distribution of materials. 
Respiratory System—lungs, trachea, other breathing tubes and structures—gas exchange 

(uptake of oxygen; disposal of carbon dioxide). 
Immune and Lymphatic Systems—bone marrow, lymph nodes, thymus, spleen lymph 

vessels, white blood cells—body defense (fighting infections and cancer). 
Excretory System—kidneys, ureters, urinary bladder, urethra—disposal of metabolic 

wastes; regulation of osmotic balance of blood. 
Endocrine System—pituitary, thyroid, pancreas, adrenal, and other hormone-secreting 

glands—coordination of body activities (digestion, metabolism etc.). 
Reproductive System—ovaries or testes and associated organs—reproduction. 
Nervous System—brain, spinal cord, nerves, sensory organs— coordination of body 

activities; detection of stimuli and formulation of response to them. 
Integumentary System—skin and its derivatives (hair, skin etc.)—protection against 

mechanical injury, infection, dehydration; thermoregulation. 
Skeletal System—skeleton (bones, tendons, ligaments, cartilage)—body support, 

protection of internal organs, movement. 
Muscular System—skeletal muscles—locomotion and other movement. 
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IIIb) The Respiratory System 
The respiratory system is made up of a group of organs that are integrated to perform the 

essential life process of respiration. The respiratory system functions—in combination with the 
circulatory system—to bring oxygen into the body and to eliminate waste carbon dioxide. 

 
Respiratory Organs and Breathing Tubes 

 
The Carbon Dioxide-Oxygen Exchange—When we inhale, oxygen-rich air enters the 

nose. The oxygen-rich air travels down the trachea, or windpipe, which splits into two bronchi 
that each carry air to a lung. Inside each lung, the bronchi branch into thousands of smaller 
bronchioles. Each bronchiole ends in a tiny structure that looks like a bunch of grapes. Each 
grape-like structure contains many air-filled sacs called alveoli. Each alveolus is moist with a 
network of capillaries surrounding it. 

    
Structures of the Lung 

Due to a process called diffusion, whereby the oxygen moves from a region of higher 
concentration to one that is lower, some of the oxygen in the inhaled air moves from the alveoli 
into the blood in the capillaries. This occurs because the concentration of oxygen in the alveoli is 



 13 

greater than in the blood, and the membranes separating the alveoli from the capillaries are only 
about one cell thick. The many alveoli of the lungs provide a large surface area over which 
diffusion can occur. This large surface area allows much of the oxygen taken in at each breath to 
be exchanged with the blood. As blood circulates away from the alveoli, red blood cells carry the 
oxygen to the heart, where it is pumped through arteries to capillaries surrounding nearly every 
cell in the body. When the oxygen-rich blood reaches body cells, the oxygen diffuses into the 
cells through the cell membrane (because there is a lower concentration of oxygen in the cells 
than in the blood).  Carbon dioxide—produced as a waste product of respiration—diffuses from 
the cells into the blood because the concentration of carbon dioxide in the blood of the 
surrounding capillaries is less than that of the cells. As the blood circulates away from the cells, 
red blood cells carry the carbon dioxide to the heart, where it is pumped to capillaries 
surrounding the alveoli. Because the concentration of carbon dioxide in the capillaries is greater 
than inside the alveoli, it diffuses into the alveoli. When we exhale, the carbon dioxide and 
remaining oxygen that has not diffused into the blood moves from the bronchi in the lungs into 
the trachea and is exhaled out the nose.  

    
Structure of the Alveoli 

 
IIIc) The Circulatory System 

The circulatory system is made up of a group of organs that are integrated to perform the 
life process of circulation. One of the primary functions of the circulatory system—in 
combination with the respiratory system—is to circulate oxygen to body cells and waste carbon 
dioxide to the lungs. Using the heart as the starting point, whose primary function is to pump 
blood rich in oxygen to body cells and return blood rich in carbon dioxide to the lungs, this is 
accomplished as follows: 

The heart is made up of two upper chambers and two lower chambers. The upper 
chambers are called atria. They are thin-walled structures that receive blood entering the heart 
from elsewhere in the body. The lower chambers are called ventricles. They are much larger and 
more muscular than the atria and pump blood away from the heart. The right and left sides of the 
heart are separated by a tough wall called the septum. The heart is connected to a network of 
tubes, or blood vessels, through which blood flows. These blood vessels are known as arteries, 
capillaries, and veins. Most arteries circulate oxygen-rich blood away from the heart. The aorta is 
the largest artery in the human body and connects to the left ventricle. As arteries get farther 
from the heart, they branch into smaller and smaller blood vessels. As arteries get closer to cells, 
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they become extremely small and are known as capillaries. Capillaries circulating blood rich in 
carbon dioxide away from cells join back together to form veins. Most veins carry carbon 
dioxide-rich blood back to the heart where it enters the right atrium. 

    
        Location of the Heart    Right Side of the Heart 

 

    
  Left Side of the Heart   Blood Flow Through the Heart 

 
The structure of the heart keeps oxygen-rich blood separate from blood rich in carbon 

dioxide. Blood carrying oxygen-rich air from the lungs enters the heart through a one-way valve 
into the left atrium. The left atrium contracts, forcing the blood through a one-way valve into the 
left ventricle. The left ventricle contracts and forces blood through a one-way valve into the 
aorta. From the aorta, the oxygen-rich blood circulates to almost every cell in the body. Blood 
rich in waste carbon dioxide circulates back to the heart from the body and enters the heart 
through a one-way valve into the right atrium. The right atrium contracts, forcing the blood 
through a one-way valve into the right ventricle. The right ventricle contracts, forcing blood rich 
in carbon dioxide into the lungs, where it is expelled in exhaled air. 

 
IIId) The Digestive System 

The digestive system, in combination with the respiratory and circulatory system, 
performs the life process of digestion. Digestion involves the breakdown of food—carbohydrates 
(starch and sugars), fats, and protein—into smaller products such as glucose, fatty acids, and 
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amino acids that can pass into capillaries and be circulated to body cells. In humans, a 
continuous tube made up of a group of organs are integrated to perform the process of digestion. 
The organs that make up the food route (also called the alimentary canal and digestive tract) 
include the mouth, esophagus, stomach, small intestine, and large intestine.  

 
The Food Route 

 

The Process of Digestion—In the mouth, the teeth break food apart. Saliva, from the 
salivary glands, makes food soft and moist for easy swallowing. It also contains an enzyme, 
called amylase, that speeds up the breakdown of starch to sugar. Enzymes are catalysts. They 
speed up reactions. Without them, reactions that take place in the body would occur so slowly 
that cells could not function, and the body could not survive. As food is swallowed, it moves 
down a long tube, called the esophagus, that connects the mouth to the stomach. Strong muscles 
in the esophagus move the food along in a wavelike motion called peristalsis.  

 
The Mouth 
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The stomach is a muscular organ. Muscles in the stomach mix the food with gastric juice 
that is mainly hydrochloric acid and enzymes (produced in the stomach lining). An important 
stomach enzyme, pepsin, functions under acid conditions to break down proteins. Digestion is 
completed in the small intestine. Bile, brought in from the liver via the gall bladder, is important 
for the breakdown of fats. Enzymes from the pancreas and the wall of the intestine are important 
for the breakdown of proteins, fats, and carbohydrates. In the small intestine, the products of 
digestion are transported to the blood in surrounding capillaries and circulated to body cells.  

 
Stomach-Small Intestine 

 

The interior of the small intestine is folded and has many fingerlike projections called 
villi. The folds and villi result in the small intestine having a large surface area that allows for the 
absorption of large amounts of the products of digestion. The products of digestion are 
transported into the blood through the cells of the small intestine. 

   
     Villi (Singular Villus)              Absorption and Transport of Products 

Most of the water remaining in the undigested food passes from the large intestine into 
capillaries and into the blood. Excess water exits the body through the skin and in exhaled air. It 
also circulates to the kidneys and is excreted in urine. Remaining solid waste is excreted through 
the rectum and anus. 

Utilizing the Products of Digestion— Foods such as cereal, rice, bread, crackers, and 
potatoes contain starch, much of which is made in the chloroplasts as a storage product of 
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photosynthesis. See Section Ib for more information about the process of photosynthesis. Starch 
is too large to pass into the bloodstream. During digestion, starch is broken down into glucose. 
Glucose is a simple sugar that can pass from the digestive system into capillaries and body cells. 
Foods such as meat, eggs, milk, and cheese contain protein. Foods such as butter, salad oil, and 
meat contain fats. During digestion, proteins are broken down into amino acids. Fats are broken 
down to form glycerol and fatty acids. 

All the products are small enough to pass into the capillaries and circulate in the blood to 
body cells. In the cell, the glucose and fats interact with oxygen during the process of respiration 
to release energy, waste carbon dioxide, and water.  

Unlike oxygen and carbon dioxide, which diffuse across the cell membrane, the products 
of digestion are not soluble in the cell’s “oily layer.” Therefore, they cannot diffuse across it. 
They enter the membrane across special “carriers” that function to “flip” the small products of 
digestion, such as glucose, across it. The cell membrane has many carriers, each of which can 
transfer only one, or very few kinds, of the products of digestion across the membrane.  

 
Cell Membrane with “Carriers” 

Blood circulating throughout the body picks up the products of digestion and transports 
them to cells. Upon reaching the cell, glucose and fats from fatty acids react with oxygen during 
the process of respiration to yield waste carbon dioxide and water. Energy is released during the 
process. The waste carbon dioxide produced is circulated back to the lungs, where it exits the 
body in exhaled air.  

In addition to utilizing the immediate products of digestion, the body stores glucose (as 
glycogen) in the muscles and liver. Fat is stored in specialized fat cells. Alternatively, some of 
the products of digestion may be “remodeled” and used as building blocks to make the many 
complex products that are required for cell structure and function. These include chlorophyll (in 
plants), hemoglobin (in animals), enzymes, the genetic material DNA, cholesterol, and many 
others. 

IIIe) The Reproductive System 
Reproduction is the process by which living things give rise to offspring (new 

individuals). Reproduction can be asexual or sexual.  
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Asexual Reproduction— Asexual reproduction requires only one parent organism. It 
usually results in an organism that is genetically and morphologically identical to the parent. The 
four major types of asexual reproduction are binary fission, budding, fragmentation, and 
parthenogenesis.  

Budding occurs in yeast and some invertebrates such as hydra. It involves formation of a 
small outgrowth, or bud, that develops during cell division at a particular site and breaks off to 
become a new individual. Fragmentation occurs in many plants, as well as some invertebrates 
such as coral, sponges, and starfish. It involves the parent organism splitting into fragments. 
Each fragment develops into a new organism. Parthenogenesis occurs in invertebrates and in 
some vertebrates such as fish, amphibians, and reptiles. It involves growth and development of 
an embryo without fertilization by sperm. Many prokaryotes (unicellular organisms that do not 
have a nucleus such as bacteria) reproduce through binary fission. Binary fission involves a 
single parent cell dividing to produce two genetically identical daughter cells or organisms. See 
Section IId (Passing on of Genetic Information Through Asexual Reproduction) for more 
information about binary fission. 

Sexual Reproduction—Many organisms, including humans, have sexes and pass 
information on through the process of sexual reproduction. This requires the union of two 
specialized cells, the sperm from the male and egg from the female. Most organisms, including 
humans, have separate sexes. However, some organisms do not have separate sexes. They are 
hermaphrodites. Hermaphroditic organisms have male and female organs within the same 
organism and exhibit some degree of self-fertilization. Snails and earthworms, some vertebrates 
such as fish, and most plants are hermaphroditic. 

The Human Male Reproductive System—The male reproductive system is responsible 
for sexual function and urination. External organs include the penis, scrotum and testicles. 
Internal organs, also called accessory organs, include the vas deferens, prostate and urethra.  

 

 
Organs of the Male Reproductive System 
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The testes (also called testicles) hang between the thighs in a pouch-like sac of skin 
called the scrotum. They are responsible for producing sperm and making the primary male sex 
hormone testosterone. Testosterone affects appearance and sexual development, stimulates 
sperm production and sex drive, and helps build muscle and bone mass. The scrotum protects the 
testes and maintains temperature so that it is appropriate for normal sperm development. Within 
the testes are coiled masses of tubes called seminiferous tubules. These tubules are responsible 
for producing the sperm cells through the process of spermatogenesis. The sperm that emerge 
from the testes are immature and incapable of fertilization. A long coiled called the epididymis 
tube rests on the backside of each testicle. It carries and stores sperm cells that are created in the 
testes. The epididymis is responsible for bringing the sperm to maturity.  

The vas deferens, a long muscular tube that travels from the epididymis into the pelvic 
cavity, transports mature sperm from the epididymis to the urethra. The urethra is the tube that 
carries urine from the bladder to outside of the body. In males, it has the additional function of 
expelling (ejaculating) semen. Seminal vesicles, sac-like pouches that attach to the vas deferens 
near the base of the bladder, make a sugar-rich fluid (fructose) that provides sperm with a source 
of energy and helps with the sperms’ ability to move (motility). The fluid of the seminal vesicles 
makes up most of the volume of the ejaculatory fluid, or ejaculate. The prostate gland, located 
below the urinary bladder in front of the rectum, contributes additional fluid to the ejaculate. 
Prostate fluids also help to nourish the sperm. The urethra is contained within the penis and runs 
through the center of the prostate gland. It carries the ejaculate to be expelled during orgasm, 
Bulbourethral glands, or Cowper’s glands, located on the sides of the urethra, just below the 
prostate gland, produce a clear fluid that empties directly into the urethra and serves to lubricate 
the urethra and to neutralize any acidity that may be present due to residual drops of urine in the 
urethra. 

Functioning of the male reproductive system is dependent on hormones. Hormones are 
chemicals that stimulate or regulate the activity of cells and organs. The primary hormones 
involved in the functioning of the male reproductive system are follicle-stimulating hormone 
(FSH), luteinizing hormone (LH) and testosterone. FSH and LH are secreted by the pituitary 
gland. The pituitary gland is located at the base of the brain and is part of the endocrine system. 
FSH is necessary for sperm production (spermatogenesis). LH stimulates the production of 
testosterone, which is necessary to continue the process of spermatogenesis. Testosterone is also 
important in the development of male characteristics, including muscle mass and strength, fat 
distribution, bone mass and sex drive. 

The Human Female Reproductive System—The female reproductive system is designed 
to carry out several functions. The ovaries produce the egg cells, called the ova or oocytes that 
are then transported to the fallopian tube where fertilization by a sperm may occur. The egg then 
moves to the uterus, where the uterine lining has thickened in response to the normal hormones 
of the reproductive cycle. Once in the uterus, if fertilized, the egg can implant into thickened 
uterine lining and continue to develop. If implantation does not take place, the uterine lining is 
shed as menstrual flow. In addition, the female reproductive system produces female sex 
hormones that maintain the reproductive cycle. 

 
The main organs of the female reproductive system lie within the abdominal cavity. They 

include the ovaries, Fallopian tubes, uterus, and vagina. 
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Organs of the Female Reproductive System 
 

The ovaries are two oval-shaped glands located on either side of the uterus. They produce 
eggs and secrete the hormone estrogen. The Fallopian tubes are attached to the upper part of the 
uterus. Fertilization of an egg by a sperm normally occurs in the Fallopian tube. The uterus or 
womb is a hollow pear-shaped muscular organ that functions to carry a fetus until birth. The 
uterus is divided into two parts. The cervix is the lower part. It opens into the vagina. The main 
body of the uterus is the corpus. The corpus can easily expand to hold a developing baby. A 
canal through the cervix allows sperm to enter and menstrual blood to exit. The vagina is a 
tubular tract connecting the uterus to the outside of the body. The vagina is where sperm are 
usually deposited during sexual intercourse and ejaculation. The vagina is a canal that joins the 
cervix to the outside of the body. It is also called the birth canal. 

Functioning of the female reproductive involves cycles of hormonal activity (menstrual 
cycles) that repeat at about one-month intervals. The average menstrual cycle takes about 28 
days and occurs in phases that include the: follicular phase (development of the egg), ovulatory 
phase (release of the egg), and luteal phase (hormone levels decrease if the egg does not 
implant).  

During the follicular phase follicle stimulating hormone (FSH) and luteinizing hormone 
(LH) are secreted from the pituitary gland and travel in the blood to the ovaries. The hormones 
stimulate the growth of about 15 to 20 eggs, each in its own "shell," called a follicle. They also 
trigger an increase in the production of the female hormone estrogen. As estrogen levels rise, 
production of FSH ceases. As the follicular phase progresses, one follicle in one ovary becomes 
dominant and continues to mature. This dominant follicle suppresses all of the other follicles in 
the group. As a result, they stop growing and die. The dominant follicle continues to produce 
estrogen. 
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The ovulatory phase (ovulation) usually begins about 14 days after the start of follicular 
phase. The rise in estrogen from the dominant follicle triggers a surge in the amount of 
luteinizing hormone that is produced. This causes the dominant follicle to release its egg from 
the ovary. As the egg is released (a process called ovulation) it is captured by finger-like 
projections on the end of the fallopian tubes that sweep the egg into the tube. Prior to this, there 
may be an increase in cervical mucus. This vaginal discharge helps to capture and nourish sperm 
on its way to meeting the egg for fertilization. 

The luteal phase begins after ovulation. Once it releases its egg, the empty ovarian 
follicle develops into a new structure called the corpus luteum. The corpus luteum secretes the 
hormones estrogen and progesterone. Progesterone prepares the uterus for a fertilized egg to 
implant. If a sperm has fertilized the egg, the fertilized egg will travel through the fallopian tube 
to implant in the uterus. If the egg is not fertilized, it passes through the uterus, the lining of the 
uterus breaks down and sheds, and the next menstrual period begins. 

See Section IId for more information about the passing on of genetic information through 
asexual reproduction. See Section IIe for more information about the passing on of genetic 
information through sexual reproduction. 

 
IIIf) Disease 

Disease is a breakdown in the body’s structures and/or functions. The breakdown can 
result from intrinsic or extrinsic failures.  

Diseases resulting from extrinsic failures result from bacteria or viruses entering the body 
that reproduce inside the body at a rapid rate, often numbering in the millions or billions within 
hours or days of infection. Its presence deprives the body of essential materials, disturbs the 
immune system, or releases toxins that interfere with the basic functioning of particular cells. 
Examples include bronchitis, the common cold, infectious food poisoning, influenza, 
mononucleosis, pneumonia, strep throat, meningitis, and COVID-19. 

Diseases resulting from intrinsic failures can result from a defect in one of the cell types 
that make up one or several organ systems. Intrinsic failures often begin with an error (mutation) 

in the coded instructions that determine the organism’s characteristics. (See Section IIf for more 
information about mutations as errors in genetic information.) 

The first defense against bacteria or viruses is to prevent the organism from entering the 
body. For example, the skin serves as a barrier, and saliva secretes substances that can break 
down bacteria as they attempt to enter the body through the mouth. Bacteria and viruses that do 
manage to enter the body are generally recognized by the immune system as foreign and 
destroyed. Vaccines can serve to “prime” the immune system and enable it to respond more 
effectively when it encounters an invader that is identical to the material used to make the 
vaccine. Antibiotics and antiviral drugs block functions that are more or less specific to the 
bacterium or virus rather than to the human cell. For example, penicillin interferes with the 
synthesis of the cell wall of many bacteria, killing them, while sparing human cells. 
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IV: Ecology and Ecosystems 
 

IVa) Overview 
Ecology is the branch of science that examines the relationships of organisms, including 

humans, to each other and to their environment. It seeks to explain such things as life processes, 
interactions, adaptations of organisms to each other and to their environment, movement of 
materials and energy through communities, development of ecosystems, and abundance and 
distribution of organisms. Ecology can be studied in many different ways. For example, 
landscape studies might focus on the spatial distribution of organisms across large geographical 
areas. Behavioral studies might focus on patterns and behaviors of species within particular 
habitats and on how organisms live in them and interact with other animals and plants. 
Population studies might examine the increase, decrease, and stability of populations and 
different ways organisms evolve and adapt to changes in their habitat. 

An ecosystem is a community of living organisms interacting with the nonliving 
components of their environment. It includes biotic or biological components that are alive, have 
been alive, or come from living things and abiotic or physical components that are not living and 
have never been alive. A nutrient cycle is a repeated pathway of a particular nutrient or element 
from the environment through one or more organisms and back to the environment. Four of the 
major nutrient cycles are the water cycle, carbon cycle, nitrogen cycle, and oxygen cycle.  

 
IVb) Four Major Nutrient Cycles  

The Water Cycle—There will never be any more water on Earth than there is now. The 
same water is recycled over and over. The recycling process is called the water cycle, or 
hydrologic cycle and involves three main components: The sun heats up the water on Earth’s 
surface, causing it to change from a liquid state to a gaseous state in the form of water vapor that 
rises into the atmosphere. This is called evaporation. Because the temperature of the atmosphere 
is colder than the temperature of Earth’s surface, as the water vapor rises, it cools down and 
changes from a gas back to a liquid. This is called condensation. The tiny airborne particles of 
water vapor usually condense into liquid droplets or ice crystals on the surfaces of dust particles 
floating in the air. When enough of them stick together visible clouds form. Eventually, the 
droplets become large and too heavy to stay aloft. When this occurs, they fall to Earth in the 
form of rain, freezing rain, sleet, snow, or hail.  

When there is more precipitation than evaporation, water collects on Earth’s surface as 
“surface water” or in the ground as “groundwater.” Surface water includes oceans, lakes, 
reservoirs, streams, and rivers. Lakes and reservoirs are formed when runoff or groundwater 
collects in the depressions on Earth’s surface. Streams and rivers are formed when channels of 
runoff or groundwater join together, like roads feeding into a highway. Most of the water on 
Earth—about 97%—is saltwater stored in oceans. Only 3 percent is fresh water, most of which is 
locked in ice caps and glaciers. Therefore, very little of the total water supply is available for 
human use. 
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Water Cycle 
 

 
The Carbon Cycle—The biosphere is the part of the Earth that can sustain life. The Earth 

has three other spheres—the atmosphere (air), the lithosphere (land), and the hydrosphere 
(water). However, not all of them are inhabited by living things. The portions or regions where 
organisms are found are collectively called the biosphere. It is, in effect, the sum of all the 
ecosystems on Earth. Soil is one of our most important natural resources. Soil contains carbon, a 
nutrient that all organisms—including humans—need for survival. Soil is the largest storehouse 
of carbon in the world and is an essential part of the cycle that keeps carbon circulating through 
the biosphere. 

Carbon is required to form complex molecules such as proteins and DNA, helps to 
regulate the Earth’s temperature, makes all life possible, is an ingredient in food, and a major 
source of energy. Most of the carbon on Earth is stored in rocks and sediments. The rest is 
located in the ocean, the atmosphere, and in living organisms. Carbon is released back into the 
atmosphere when organisms die, volcanoes erupt, and fossil fuels are burned. Carbon is 
continually exchanged between the ocean’s surface waters and the atmosphere and is stored for 
long periods of time deep in the ocean.  

The carbon cycle describes the process in which carbon atoms continually travel from the 
atmosphere to Earth and back into the atmosphere. Since Earth and its atmosphere form a closed 
environment, the amount of carbon in this system does not change. However, where the carbon is 
located is constantly in flux. Carbon enters the atmosphere as carbon dioxide (CO2) from 
respiration and the burning of fossil fuels. It is absorbed by plants and other producers to make 
glucose during the process of photosynthesis. Animals feed on the plants passing the carbon 
compounds along the food chain. As the animals and plants die, carbon moves from the 
atmosphere to plants.  
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Carbon Cycle 

 

 The Nitrogen Cycle—Nitrogen is a colorless, odorless, and tasteless gas. It is the most 
plentiful element in Earth’s atmosphere and is a constituent of all living things. The nitrogen 
cycle involves the circulation of various forms of nitrogen through the natural world. Nitrogen is 
a constituent of proteins and DNA and is essential to life on Earth. Approximately 78% by 
volume of Earth’s atmosphere is nitrogen. Although most animals are unable to use nitrogen, 
through a series of microbial transformations, it is made available to plants from which it is 
transferred to other organisms. These transformations are not necessarily sequential and include 
nitrogen fixation, nitrogen assimilation, ammonification, nitrification, and denitrification.  

 
Nitrogen Cycle 
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The Oxygen Cycle—The oxygen cycle is the process by which oxygen is generated and 
used. Plants and other producers produce oxygen during the process of photosynthesis. This 
involves trapping the energy of sunlight that provides the power for turning water and carbon 
dioxide that have entered the organism’s cells into the simple sugar glucose, which is their food. 
As glucose is produced, oxygen is given off as a waste product and released into the 
environment. Glucose remains in the cell and is used as needed during the process of respiration, 
a process that also uses oxygen. Other processes that involve the use of oxygen produced during 
photosynthesis include decomposition of plants and animals that have died, rusting of metals 
(also called oxidation), and combustion or burning. See Section Ib for more information about 
the processes of respiration and photosynthesis. 

 

 

Oxygen Production 
 

 
IVc) Food Chains, Webs, and Pyramids 
 Energy in the form of light enters an ecosystem through the process of photosynthesis 
and is incorporated into plant tissue as food in the form of glucose. Food chains, webs, and 
pyramids are models that show how food and energy flow through an ecosystem.  

A food chain is a linear series of organisms each dependent on the next as a source of 
food. They include a source of light that is usually sunlight and show organisms as producers, 
consumers, and decomposers according to their food source. Producers use light energy to make 
food (glucose). Green plants and algae are examples of producers. Consumers do not make their 
own food. They eat other organisms. They can be herbivores, carnivores, or omnivores. 
Herbivores eat plants or plant parts. Sheep, goats, and squirrels are examples of herbivores. 
Carnivores eat other organisms. Lions and tigers are examples of carnivores. Omnivores eat 
other plants and animals. Bears, dogs, and humans are examples of carnivores. Decomposers 
break down dead organic matter into more elementary substances, including water, carbon 
dioxide and compounds that contain nitrogen. Bacteria and fungi are examples of decomposers. 

 A food web depicts many food chains linked together. It differs from a food chain in that 
it is non-linear and shows a network of feeding relationships according to the organism’s trophic 
level or feeding behavior. The two main categories of trophic levels are autotrophs and 
heterotrophs. Autotrophs are capable of producing food through the process of photosynthesis. In 
a food chain, they are the producers. Heterotrophs are organisms that feed on other organisms. In 
a food chain they are the herbivores, omnivores, and carnivores.  
 Pyramids can show the relative amounts of energy, biomass (mass or weight of living 
tissue), or numbers of organisms at each trophic level in an ecosystem. The number of trophic 
levels in the pyramid is determined by the number of organisms in the chain or web. 
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Ecological Pyramid 
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V: Skills of Scientific Investigation 

Standard Procedures in Scientific Investigation—Scientists use standard procedures so 
they can make direct comparisons of their data. They could also get valid data by using different 
procedures to answer the same questions, but they would have difficulty making the 
comparisons. 

The Control and Scientific Research—When scientists conduct research, they set up two 
kinds of samples. They set up one kind of sample (or set of samples) in which they know what 
should happen. This is called the control. They set up a second kind of sample (or set of samples) 
that is exactly the same as the control, except they change one characteristic. This is called the 
test. By comparing the results of the test with the results of the control, scientists can figure out if 
the characteristic they changed is responsible for the results. 

Observation—Observations are an important point of scientific investigation. 
Researchers often collect data from what they have observed. Analyzing these data enables them 
to develop ideas about a scientific phenomenon or subject. Researchers also use the data they 
collect to test the validity of their predictions.  

Prediction—Predictions are based on existing experience and knowledge and have two 
important functions. They are a means of expressing a researcher’s ideas about a phenomenon; 
they help determine the direction and the nature of investigations. A researcher starts with a set 
of assumptions and then predicts a result. The researcher tests the validity of the predictions by 
collecting data and then analyzing the results. If the prediction is supported by the results, then 
the researcher’s assumptions are upheld. If the prediction is not supported by results, the 
researcher’s assumptions must be reexamined. Results can often provide clues that lead to new 
and better predictions.  
 Models—Models are representations of objects or phenomena that are often highly 
simplified relative to what they portray. They are used to make predictions, to show how parts fit 
together, and to demonstrate how things work. In many cases, a model is not an actual physical 
representation, but a statement in words of how a particular process may work. Models often 
serve as the basis for making predictions and for testing.  

Designing and Building Research Instruments—This involves important aspects of 
scientific research that include identifying a need for a technological design, designing a solution 
and product that meet a specific need, implementing the proposed design, and evaluating the 
design and sharing it. 

The Role of Data Displays in Scientific Investigation—Scientists use various methods 
of displaying data to examine and describe the data they collect. They choose a type of display 
(table or graph) according to the nature of the data and the question they are investigating. 
numerical patterns, to uncover a correlation between pairs of characteristics, or to discover 
patterns about a single characteristic. 

Representative Numbers—Scientists often take many different measurements of the 
same phenomenon. When they report their results, they may calculate one number to represent 
all those measurements. Scientists working on the same project must agree on which 
representative number to use in reporting their data to one another. If one scientist reports the 
mode (the number occurring most often) and another reports the mean (the average of all the 
numbers in —the data set), the data won’t be comparable. 
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Scientific Classification—Long ago, scientists discovered that the natural world was so 
complex they could only begin to understand it if they grouped similar things together. Grouping 
objects from nature according to their characteristics is called classification. 

Research Presentations—Scientists often share their research with the public. Giving a 
presentation is one way for them to tell people what they have learned. It lets them show others 
what is exciting or most important about their work. 

Communicating Ideas in Writing—Three steps are crucial to communicating ideas in 
writing, scientific or otherwise. These are: 

• writing down ideas in draft form; 
• asking for comments about the drafts; 
• revising the draft material based on comments from readers. 

 

 


