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PREFACE

hen 1 think about the scientific study of the natural world, two phrases
from the writings of Pope St.John Paul 11 come to mind:

(1) a rigorous pursuit of truth and
(2) alove of learning.

The first—a rigorous pursuit of truth—describes science and its processes.
Scientists make careful observations, design experiments, and collect data to
learn more about how the world works. Too often, though, science may seem
like something you do in a big research facility with a lab coat.

But we are all scientists!

Anyone can study the living world in a scientific way. From an early age,
everyone has a curiosity to understand the world. Think of a baby repeatedly
dropping something onto the floor; they are discovering how gravity works!

It is this basic curiosity that drives science.

The second piece—a love of learning—also describes what science should
inspire. Sometimes science is depicted as a dry, boring set of facts, but nothing
could be further from the truth. The world is a fascinating place. 1 have been
interested in the natural world my whole life. This love of nature led me to
obtain undergraduate and postgraduate degrees that have allowed me to teach
biology classes every day for a living, and yet | am still constantly amazed by the
wonders of our world.

There is always something new to learn in biology and all the natural
sciences. Within biology, there is so much inspiring beauty and wonder in the
endless forms continually changing and unfolding. The intricate order found in
the smallest of God’s creations—the cell—is so complex that it can help form
and run the complexities of the physical life He has given us. The inner workings
of the human body are truly awe-inspiring!

For example, did you know:

« If you stretched out a single chromosome, it would be about six feet long?

« A typical adult has 206 different bones in his body, from the largest, the
femur in the leg just under twenty inches on average, to the smallest,
at only a few millimeters inside our ears?

« A protein called hemoglobin found inside red blood cells is what gives
blood its red color?

How could we not be fascinated by the cells and systems that make up our
bodies? With this text, my friend and colleague, Dr. Heather Ayala, has done a
marvelous job introducing you to this complex and intricate world, making it fun
and edifying all at once. I have no doubt you will thoroughly enjoy this unit!



—Pope St. John Paul 11 in Physics, Philosophy and Theology

Finally, in closing, it is too often assumed in our society today that faith and
science act in opposition to one another, that somehow if we learn enough about
the world, it would disprove the existence of God. But it is important for each of
us to be confident in our Faith and the fact that truth cannot be in opposition
with itself.

We read in the Catechism of the Catholic Church: “Methodical research in all
branches of knowledge, provided it is carried out in a truly scientific manner and
does not override moral laws, can never conflict with the faith, because the things
of the world and the things of faith derive from the same God. The humble and
persevering investigator of the secrets of nature is being led, as it were, by the
hand of God in spite of himself, for it is God, the conserver of all things, who
made them what they are” (CCC 159).

Holy Mother Church teaches us that we can pursue scientific knowledge
unafraid. It is my hope that The Foundations of Science series will not simply give
your family some facts about the world but also instill a curiosity and love of
learning in you that you can apply across all the disciplines of your life, both
scientific and otherwise.

Timothy Polnaszek, PhD
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INTRODUCTION

o far in The Foundations of Science curriculum, we have explored
many different things found in our world. Some of them have
been living organisms, like plants and animals, while others have
been non-living, like when we learned about the earth, the skies,
and outer space. But all of the things we have explored so far, we
have been able to see with our eyes.

That’s all about to change!

All living things are made up of very small (so small you cannot see them!)
units called cells. These cells are the basic building blocks of life; they make up
all living organisms and the tissues of our bodies. You can think of cells kind of
like LEGO bricks. They are different, but similar, and you can put many of them
together to make an infinite number of different structures. Even though you
cannot see them with the naked eye, there is an incredible amount of activity
that goes on inside of every single cell. The structure of a cell is so intricately
made that it can perform the functions needed for life to exist. We will explore
some of these special roles in the first few chapters of our book.

Then, we will move on to tissues. When cells “work together” for a
common purpose, they make up tissues. These tissues are the fabric used to
create the organs such as your stomach, brain, heart, muscles, and bones.
The remainder of this book will then look at many of the organs and organ
systems that come together to make up your own body. By the time our
journey is complete, 1 hope you will have a greater appreciation of the care
God took in creating you!



Our study of cells dates all the way back to the 1600s,
when Robert Hooke developed his own microscope to

study ants, fleas, plant material, and many other things.
He would pen a book called Micrographia that containe@
drawings like this one of what he observed.







2 FOUNDATIONS

The Dutch father and son
Hans and Zacharias Jans-
sen, in the late sixteenth
century, were the first to
develop the microscope.
This invention, refined
through the centuries, has
expanded our knowledge
of the world around us
and the human body in
unimaginable ways.

OF SCIENCE

HOOKE’S MICROSCOPE

Have you ever used a magnifying glass to look at something small? Perhaps
you used one to look at the fingerprints on your hand or at the veins on a leaf.
If so, you know that by using the magnifying glass, it makes the thing you are
looking at seem bigger. By doing this, it lets you see things that you may not
have seen if you had not used the magnifying glass.

A magnifying glass is a lens, similar to the lens you would find in a pair of
eyeglasses. The lens is a curved piece of glass. Because it is curved, when light

passes through the lens, it causes the light to
bend just a little bit. The bending of the
light changes how we see the object
on the other side of the lens, making it
look bigger.
In the late 1500s, there lived a
Dutch man by the name of Hans
Janssen who made eyeglasses. Hans had
a son named Zacharias. In 1590, Hans
and Zacharias started to experiment
with lenses, putting two lenses together
in a tube. They found that when they
looked at something through the tube
of lenses, it looked even bigger! This was
the first microscope.

We don’t know a lot about Hans and Zacharias, but they are given credit
for inventing the compound microscope. A compound microscope is an
instrument that uses more than one lens to make objects look bigger than they
really are. The invention of microscopes opened up a whole new world to peo-
ple. Now scientists could look at small things that they had never seen before.

How Do Microscopes Work?

Most microscopes you see today are compound light micro-
scopes, meaning that they use two or more lenses and light. The
light passes through a very thin object on a slide and is directed
through the lenses. As it passes through the lenses, the light
bends before it reaches your eye. This produces an image that
looks bigger than it actually is. The lenses used in a compound

light microscope are called converging lenses, like the one
pictured here. Notice that the image formed is not only bigger but
also upside down and backwards from the original object. This
means that when you look through a microscope, if you move the
slide to the right, you will see the image move to the left, And if
you move the slide up, you will see the image move down!



THE DISCOVERY

Unfortunately, microscopes were expensive, and most people never
had a chance to see one or look through one. But in 1665, about seventy
years after the microscope was invented, an English scientist by the name
of Robert Hooke made his own microscope. He had a practice of observ-
ing ants, fleas, plant material, and many other things. Hooke made detailed
drawings and descriptions of what he saw, and he published all of these
together in a book called Micrographia. In one part of his book, Hooke
describes his observations of an ant. In order to make these observations,
he first had to find a way to keep the ant from moving around. If he killed
the ant, then it would be squished, and he would not be able to see its
proper shape. He tried to use glue to hold the ant in place, but the ant
kept wiggling about so that Hooke could not observe it under the micro-
scope. Finally, Hooke put the ant in some strong alcohol to put it to sleep.
This worked for about an hour, but then the ant suddenly woke up and
started to run away before Hooke could finish his observations! The peo-
ple found Hooke’s book to be very interesting to read and fun to look
at because of the beautiful drawings. This made it a very popular book.

Another of Hooke’s famous sketches was of dead plant material,
called cork. Hooke cut a thin slice of a piece of cork and looked at it
under his microscope. He saw that the cork looked like little boxes, or
pores, like what you might find in a honeycomb. Hooke called these
boxes cells. This is where we get the word for cells!

BASIC CELL STRUCTURE

When Hooke made his sketch and description of the cells in cork, he was
observing the shell, or outer walls of a plant cell (the inside of the cell was no
longer present). This outer wall gave the cork a boxlike or square appearance,
but not all cells contain an outer wall. Animal cells (which include our cells,
since we humans are animals too) do not have a cell wall. As a result, they
come in many different shapes and sizes. We will discuss more about the
different types of cells in chapter 2. For now, let’s focus on some of the things
that are common to all cells.

Every cell has an outer skin of sorts (think like the peel of an apple) that
holds it together. This is called the cell membrane (sometimes also called the
plasma membrane). The cell membrane helps control what can move in and
out of the cell. Inside of living cells is a gel-like fluid made mostly of water. We
call this the cytoplasm of the cell. Floating in the cytoplasm are other small
structures. We call these structures organelles, or “little organs.” We will talk
about these in more detail in chapter 2.

The last thing we find in every cell is genetic material in the form of DNA
(Deoxyribonucleic acid). This genetic material contains the “instructions” that
tell the cell what organelles to build and how to carry out its job. DNA is like
the directions that make you who you are (how tall you are, the color of your
skin, etc.), like blueprints for how to build a house.

OF THE

CELL
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DEVELOPMENT OF THE CELL THEORY

Scientists continued to improve on the microscope in the years following its
invention. This allowed them to make discoveries that helped increase our
understanding of the cell and its role in making up living organisms. There
were several very important observations made about cells during this time.
We will just mention a few of them here.

« Henri Dutrochet was a French military doctor living in the early nineteenth
century. In examining plant cells, he noted that cells are the basic structural
component making up plants. He also observed that the functions carried out
by the plant cells are the basis for the function of the plant.

How Big Is the Biggest Cell?

Most cells are too small to be seen without a microscope, but there are some cells that are bigger than
others. For example, did you know that an egg is a single cell? The biggest egg is laid by the ostrich.
Itis about six inches long and weighs about three pounds! While this may be the heaviest cell, it is
not the biggest cell. One type of cell we will learn more about in chapter 7 is a nerve cell. Nerve
cells make up our brain and other nervous structures throughout our body. Their job is to

carry messages from one part of our body to another. We have nerves stretching from

our spine to the bottom of our toe. That is a long nerve cell. But giraffes have

even longer nerve cells. They have nerves that run the entire length of their

long necks, between six and eight feet long! However, the longest nerve cell

is found in the giant squid. These sea animals can be up to forty-three feet

long and have nerves up to thirty-nine feet long. Now that is a big cell!



THE DISCOVERY

* In 1832, the Belgian scientist Barthelemy Dumortier was making observations
when he saw that a plant cell divides into two new plant cells. He concluded
that all new cells come from pre-existing cells.

« In the years 1838-39, two German scientists named Schwann and Schleiden
were studying a variety of plant and animal cells. Schleiden saw that all of
a plant’s structure is composed of plant cells. Schwann’s work, meanwhile,
focused on studying animals. Like Schleiden, he noted that all the structural
parts of animals are made of animal cells. In short, Schwann concluded that
plants and animals are similar in that they are both made of up of cells and
these cells work in the same basic way.

If that seems like a lot to remember, don’t worry. The most important
thing to understand is that all of these discoveries combine to form what we
call the Cell Theory. The Cell Theory says:

1. All living things are made of cells.
2. Cells are the basic unit of structure and function for all living things.
3. All cells come from pre-existing cells.

These ideas form the foundation for our current understanding of cells and
their role in making up all living things. In chapter 2, we will look more closely
at different types of cells and what makes up these small building blocks of life.

v The invention of the magnifying glass, which enlarges what you are
looking at, and more specifically the compound microscope, helped

scientists see things that otherwise would have been too small. This
led to the discovery of cells, the basic building blocks of life.

Though different types of cells possess different qualities, every cell
has an outer skin that holds it together. This is called the cell mem-
brane. Also common to all cells is the cytoplasm, the gel-like fluid
made mostly of water, and floating in this cytoplasm are little struc-
tures called organelles, or “little organs.” The last thing we find in
every cell is genetic material in the form of DNA (Deoxyribonucleic
acid). This genetic material contains the “instructions” that tell the
cell what organelles to build and how to carry out its job.

Across many, many years of research, scientists from all over the
world contributed to the development of what is known as the Cell
Theory. It states that: (1) All living things are made of cells; (2) Cells
are the basic unit of structure and function for all living things;

(3) All cells come from pre-existing cells.
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