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What you will learn

* What is a scientific investigation

e Steps of the scientific method

LTI

\/

[Figure 1]
Chances are you've heard of the scientific method. What exactly is the scientific method?

Is it a precise and exact way that all science must be done? Or is it a series of steps that
most scientists generally follow, but may be modified for the benefit of an individual
investigation?

The Scientific Method

There are basic methods of gaining knowledge that are common to all of science. At the
heart of science is scientific investigation, which is done by following the scientific method.
A scientific investigation is a plan for asking questions and testing possible answers. It
generally follows the steps listed in the Figure below. In reality, however, the process
doesn’t always go in a straight line.
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‘ @ Make observations

.

‘ 9 Ask a question

Research background

.

Form a hypothesis

.

Test the hypothesis

.

Draw conclusion

.

Communicate results

'./‘\

l

L45

L

[Figure 2]

Steps of a Scientific Method. A scientific investigation typically has these steps. Scientists
often develop their own steps they follow in a scientific investigation.
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DID YOU KNOW?

Galileo Galilei is referred to as The Father of Modern Science

for his contribution to the systematic development and

description of a scientific method.

Making Observations

A scientific investigation typically begins with observation. An observation is anything
detected with the senses, which include sight, hearing, touch, smell, and taste. You make
observations all the time. Let’s say you take a walk in the woods and observe a moth, like
the one in the Figure below, resting on a tree trunk. You notice that the moth has spots on
its wing that look like eyes. You think the eyespots make the moth look like the face of an
owl.

[Figure 3]

Does this moth remind you of an owl?

Asking a Question

Observations often lead to questions. For example, you might ask yourself why the moth
has eye spots that make it look like an owl’s face. What reason might there be for this
observation?

Research Existing Knowledge About the Topic

No matter what you observe, you need to find out what is already known about your
questions. For example, is anyone else doing research on eyespots in moths? If yes, what

18
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did they find out? Do you think that you should repeat their research to see if it can be
duplicated? During your research, you might learn something that convinces you to change
or refine your question. From this, you will construct your hypothesis.

Forming a Hypothesis

The next step in a scientific investigation is forming a hypothesis. A hypothesis is a possible
answer to a scientific question, but it isn’t just any answer. A hypothesis must be based on
scientific knowledge, and it must be logical. A hypothesis also must be falsifiable. In other
words, it must be possible to make observations that would disprove the hypothesis if it
really is false. Assume you know that some bird eat moths and that owls prey on other birds.
From this knowledge, you reason that eye spots scare away birds that might eat the moth.
This is your hypothesis.

Testing the Hypothesis

To test a hypothesis, you first need to make a prediction based on the hypothesis. A
prediction is a statement that tells what will happen under certain conditions. It can be
expressed in the form: If A occurs, then B will happen. Based on your hypothesis, you might
make this prediction: If a moth has eyespots on its wings, then birds will avoid eating it.

Next, you must gather evidence to test your prediction. Evidence is any type of data that
may either agree or disagree with a prediction, so it may either support or disprove a
hypothesis. Evidence may be gathered by an experiment. Assume that you gather evidence
by making more observations of moths with eyespots. Perhaps you observe that birds really
do avoid eating moths with eyespots. This evidence agrees with your prediction.

Check your understanding!
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PROGRESS

y Jg

1.

Which of the following statements best
describes a prediction?

The number of deformed frogs in five
ponds that are polluted with chemical X
is higher than the number of deformed
frogs in five ponds without chemical X.

If the water in a pond has lower levels of
b pesticide then there will be less
deformed frogs.

The number of deformed frogs is not
c affected by the presence of chemical X in
the pond.

Check It

Q Hint

https://www.ck12.org/assessment/ui/embed.html?test/view/60f0afl0ale33a63032af5d4&

Drawing Conclusions
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Evidence that agrees with your prediction supports your hypothesis. Does such evidence
prove that your hypothesis is true? No; a hypothesis cannot be proven conclusively to be
true. This is because you can never examine all of the possible evidence, and someday
evidence might be found that disproves the hypothesis. Nonetheless, the more evidence
that supports a hypothesis, the more likely the hypothesis is to be true.

Communicating Results

The last step in a scientific investigation is communicating what you have learned with
others. This is a very important step because it allows others to test your hypothesis. If other
researchers get the same results as yours, they add support to the hypothesis. However, if
they get different results, they may disprove the hypothesis.

When scientists share their results, they should describe their methods and point out any
possible problems with the investigation. For example, while you were observing moths,
perhaps your presence scared birds away. This introduces an error into your investigation.
You got the results you predicted (the birds avoided the moths while you were observing
them), but not for the reason you hypothesized. Other researchers might be able to think of
ways to avoid this error in future studies.

Scientific

Method

(&) TEACHER’S PET

https://flexbooks.ck12.org/fix/render/embeddedobject/309222

KQED: Why I Do Science

Dan Costa, Ph.D. is a professor of biology at the University of California, Santa Cruz, and has
been studying marine life for well over 40 years. He is a leader in using satellite tags, time
and depth recorders and other sophisticated electronic tags to gather information about the
amazing depths to which elephant seals dive, their migration routes and how they use
oceanographic features to hunt for prey as far as the international dateline and the Alaskan
Aleutian Islands.
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Summary

* At the heart of science is the scientific investigation, which is done by following the
scientific method. A scientific investigation is a plan for asking questions and testing
possible answers.

* A scientific investigation typically begins with observations. Observations often lead to
questions.

* A hypothesis is a possible logical answer to a scientific question, based on scientific
knowledge.

e A prediction is a statement that tells what will happen under certain conditions.

e Evidence is any type of data that may either agree or disagree with a prediction, so it may
either support or disprove a hypothesis. Conclusions may be formed from evidence.

e The last step in a scientific investigation is the communication of results with others.

Review

1. Outline the steps of a scientific investigation.

2. What is a scientific hypothesis? What characteristics must a hypothesis have to be useful
in science?

3. Give an example of a scientific question that could be investigated with an experiment.
Then give an example of a question that could not be investigated.

4. Can a hypothesis be proven true? Why or why not?

5. Why do scientists communicate their results?
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B Report Content Errors
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What you will learn

e What is an experiment
* |Independent and dependent variable

e Importance of sample size and repetition

[ -

[Figure 1]
So what exactly is an experiment?

At first you may picture a science |aboratory with microscopes and chemicals and people in
white lab coats. But do all experiments have to be done in a lab? And do all scientists have
to wear lab coats?

Experiments
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The Figure below shows a laboratory experiment involving plants. An experiment is a
special type of scientific investigation that is performed under controlled conditions, usually
in a laboratory.

[Figure 2]

A laboratory experiment studying plant growth. What might this experiment involve?

Some experiments can be very simple, but even the simplest can contribute important
evidence that helps scientists better understand the natural world. As many different types
of experiments are possible, an experiment must be designed to produce data that can help
confirm or reject the hypothesis.

Variables

An experiment generally tests how one variable is affected by another. The affected
variable is called the dependent variable. In the plant experiment shown in the Figure
below, the dependent variable is plant growth. The variable that affects the dependent
variable is called the independent variable. In the plant experiment, the independent
variable could be fertilizer—some plants will get fertilizer, others will not. The scientists
change the amount of the independent variable (the fertilizer) to observe the effects on the
dependent variable (plant growth). An experiment needs to be run simultaneously in which
no fertilizer is given to the plant. This would be known as a control experiment. The plants
that do not receive the fertilizer are the control group. An experiment must have a control
group. In the control group, nothing is changed. It is not subjected to the independent
variable. In any experiment, other factors that might affect the dependent variable must be
controlled. In the plant experiment, what factors do you think should be controlled? (Hint:
What other factors might affect plant growth?)
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Control Experiment

Identical pots

!

Fertilizer is
independent variable

!

Plant growth is
dependent variable

[Figure 3]

(Left): Control group; (Right): Experimental group

Check your understanding!
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PROGRESS

The independent variable is the variable under
the control of the experimenter.

a TRUE

b FALSE

Check It

Q Hint

https://www.ck12.org/assessment/ui/embed.html?test/view/60f0183a698ff608eald5c90&

Sample Size and Repetition

The sample in an experiment or other investigation consists of the individuals or events that
are studied, and the size of the sample (or sample size) directly affects the interpretation of
the results. Typically, the sample is much smaller than all such individuals or events that
exist in the world. Whether the results based on the sample are true in general cannot be
known for certain. However, the larger the sample is, the more likely it is that the results are
generally true.

Similarly, the more times that an experiment is repeated (which is known as repetition) and
the same results obtained, the more likely the results are valid. This is why scientific
experiments should always be repeated.
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Experimental Error

Scientists make many measurements during experiments. Humans and equipment can make
mistakes. Errors are often unavoidable. This is called experimental error. Errors may be due
to the equipment being used. In this case, the numbers may be always skewed in one
direction. For example, a scale may always measure one-half of an ounce high. People can
also make errors. A measurement may not be made precisely. For example, a stopwatch
may be stopped too soon or too late. But probably not always in the same direction. To
correct for this, many measurements are taken. The measurements are then averaged.
Experiments always have a margin of error associated with them.

Nature of Science
with the Amoeba Sisters

https://flexbooks.ck12.org/fix/render/embeddedobject/309626

Super Microscopes

Microscopes are arguably one of the most important tools of the biologist. They allow the
visualization of smaller and smaller biological organism and molecules. With greatly
magnified powers, these instruments are becoming increasingly important in modern day
research.
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e

[Figue 4]

In this experiment, a scientist is conducting research (and taking notes) while looking
through a microscope.

DID YOU KNOW?

. Zacharias and Han Jansen created the first compound
microscope in the 1590s with two lenses. The optical
microscopes were developed between the 1590s and 1660s. For

over 200 years, there was not much development in

microscopes until a German engineer, Carl Zeiss, revolutionized

the quality of lenses in the 1850s.

Science Friday: The Lollipop Hypothesis

Ever wondered how many licks it takes to reach the center of a lollipop? Mathematicians at
NYU’s applied mathematics lab have designed experiments to determine this. Find out in

this video by Science Friday.
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#foliipop

https://flexbooks.ck12.org/fix/render/embeddedobject/309627

Summary

* An experiment is a special type of scientific investigation that is performed under
controlled conditions, usually in a laboratory.

e An experiment generally tests how one variable is affected by another.

e The sample size in an experiment directly affects the interpretation of the results.

e Repetition is the repeating of an experiment, validating the results.

e Errors are always possible in human endeavors. Scientists have ways to reduce the
effects of errors on their data.

Review

1. What is an experiment?
2. Compare the dependent variable to the independent variable.

3. Identify the independent and dependent variables in the following experiment: A
scientist grew bacteria on gel in her lab. She wanted to find out if the bacteria would
grow faster on gel A or gel B. She placed a few bacteria on gel A and a few on gel B.
After 24 hours, she observed how many bacteria were present on each type of gel.

E] Report Content Errors
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1.3 Scientific Theories

FlexBooks 2.0 > Biology For High School Diploma > Scientific Theories

Last Modified: Sep 08, 2021

What you will learn

* How hypothesis become scientific theories

* Examples of scientific theories in biology: theory of evolution, cell theory, and germ
theory

[Figure 1]

Theory vs. theory. Is a scientific theory different from the everyday use of the word
theory?
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A scientific theory is accepted as a scientific truth, supported by evidence collected by
many scientists. The germ theory of disease is a classic scientific theory in biology.

Scientific Theories

With repeated testing, some hypotheses may eventually become scientific theories. Keep in
mind, a hypothesis is a possible answer to a scientific question. A scientific theory is a broad
explanation for events that is widely accepted as true. To become a theory, a hypothesis
must be tested over and over again, and it must be supported by a great deal of evidence.

Many people think that any idea that is completely accepted in science is a law, but that is
not true. In science, a law is something that always applies under the same conditions. A
theory is much more complex: it explains why something happens. A law only describes
what happens. Additionally, people commonly use the word theory to describe a guess
about how or why something happens. For example, you might say, “I think a woodchuck
dug this hole in the ground, but it’s just a theory.” Using the word theory in this way is
different from the way it is used in science. A scientific theory is more like a fact than a
guess because it is so well-supported. There are several well-known theories in biology,
including the theory of evolution, cell theory, and germ theory.

TR

WHAT>J THL DIFFERENCLT

https://flexbooks.ck12.org/fix/render/embeddedobject/309676

The Theory of Evolution

The theory of evolution by natural selection is a scientific theory. Evolution is a change in
the characteristics of living things within a species over time. Evolution occurs by a process
called natural selection. In natural selection, some living things produce more offspring
than others, so they pass more gene to the next generation than others do. Over many
generations, this can lead to major changes in the characteristics of living things. The theory
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of evolution by natural selection explains how living things are changing today and how
modern living things have descended from ancient life forms that no longer exist on Earth.
No evidence has been identified that proves this theory is incorrect. More on the theory of
evolution will be presented in additional concepts.

The Cell Theory

The cell theory is another important scientific theory of biology. According to the cell
theory, the cell is the smallest unit of structure and function of all living organism, all living
organisms are made up of at least one cell, and living cells always come from other living
cells. Once again, no evidence has been identified that proves this theory is incorrect. More
on the cell theory will be presented in additional concepts.

The Germ Theory

The germ theory of disease, also called the pathogenic theory of medicine, is a scientific
theory that proposes that microorganisms are the cause of many diseases. Like the other
scientific theories, lots of evidence has been identified that supports this theory, and no
evidence has been identified that proves the theory is incorrect.

DID YOU KNOW?

The germ theory of disease was confirmed by Robert Koch and
Louis Pasteur in the late nineteenth century through a series of
experiment. They were able to establish that diseases like
anthrax, rabies, plague, cholera, and tuberculosis were caused by
microorganisms. Louis Pasteur and Robert Koch are rightly
known as ‘Father of microbiology’ and ‘Father of bacteriology’

respectively for their contributions.

Summary

e With repeated testing, some hypotheses may eventually become scientific theories. A
scientific theory is a broad explanation for events that is widely accepted as true.

¢ Evolution is a change in species over time. Evolution occurs by natural selection.
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* The cell theory states that all living things are made up of cells, and living cells always
come from other living cells.

e The germ theory proposes that microorganisms are the cause of many diseases.

Review

1. Contrast how the term theory is used in science and in everyday language.
2. Explain how a hypothesis could become a theory.

3. Describe the evidence that proves the cell theory is incorrect.

D Report Content Errors
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1.4 Characteristics of Life

FlexBooks 2.0 > Biology For High School Diploma > Characteristics of Life

Last Modified: Jan 18, 2022

What you will learn

* What are the characteristics of living things

[Figure 1] [Figure 2]

What do a bacterium and a frog have in common?

Do they share characteristics with us? All living organism, including the smallest bacterium
and a frog, share certain characteristics of life. Without these characteristics, there is no life.

Characteristics of Life

Look at the duck decoy in the Figure below. It looks very similar to a real duck. Of course,
real ducks are living things. What about the decoy duck? It looks like a duck, but it is actually
made of wood. The decoy duck doesn’t have all the characteristics of a living thing. What
characteristics set the real ducks apart from the decoy duck? What are the characteristics of
living things?
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™ T
[Figure 3]

This duck decoy looks like it’s alive. It even fools real ducks. Why isn’t it a living thing?

Not all scientists agree exactly about what makes up life. Many characteristics describe most
living things. However, with most of the characteristics listed below, we can think of one or
more examples that would seem to break the rule, with something non-living being
classified as living or something living being classified as non-living. There is not just one
distinguishing feature that separates a living thing from a non-living thing. A cat moves but
so does a car. A tree grows bigger, but so does a cloud. A cell has structure, but so does a
crystal. Biologists define life by listing characteristics that living things share. Something that
has all of the characteristics of life is considered to be alive.

There are many characteristics that living organisms share. All living organisms:

e Respond to their environment.
e Grow and develop.

e Produce offspring.

* Maintain homeostasis.

e Have complex chemistry.

e Consist of cells.

Response to the Environment

All living things detect changes in their environment and respond to them. What happens if
you step on a rock? Nothing; the rock doesn’t respond because it isn’t alive. But what if you
think you are stepping on a rock and actually step on a turtle shell? The turtle is likely to
respond by moving—it may even snap at you!
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[Figure 4] [Figure 5]

If you step close to a frog it will likely jump

Most bacteria are attracted to sugar crystals. )
away quickly.

Growth and Development

All living things grow and develop. For example, a plant seed may look like a lifeless pebble,
but under the right conditions, it will grow and develop into a plant. Bacteria grow by
increasing in cell size and volume. animal also grow and develop. How will the tadpole
change as they grow and develop into adult frogs?

[Figure 6]

Tadpoles go through many changes to become adult frogs.
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DID YOU KNOW?

If iodine is absent in water, a tadpole cannot grow and develop

into a frog.

Reproduction

All living things are capable of reproduction. Reproduction is the process by which living
things give rise to offspring. Reproducing may be as simple as a single cell dividing to form
two daughter cell. Generally, however, it is much more complicated. Nonetheless, whether
a living thing is a frog or a microscopic bacterium, it is capable of reproduction.

There are two types of reproduction, asexual and sexual reproduction. Sexual reproduction
is a type of reproduction that involves two parents and produces genetically different
offspring. asexual reproduction is a type of reproduction that involves a single parent and
results in offspring that are all genetically identical to the parent. For example, bacteria
reproduce by asexual reproduction creating an exact copy of themselves.

[Figure 7]
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Binary fission is a type of asexual reproduction in bacteria.

Keeping Things Constant

All living things are able to maintain a more-or-less constant internal environment. They
keep things relatively stable on the inside regardless of the conditions around them. The
process of maintaining a stable internal environment is called homeostasis. Human beings,
for example, maintain a stable internal body temperature. If you go outside when the air
temperature is below freezing, your body doesn’t freeze. Instead, by shivering and other
means, it maintains a stable internal temperature. Some species of tree frogs adjust their
skin color as temperature changes in their environment.

Hot temperature Ideal temperature Cold temperature
Lighter colored Green colored skin Dark colored skin
skin helps to cool of tree frogs blend helps them to retain
off more quickly. well with the tree the heat.

canopy.

Complex Chemistry

All living things—even the simplest life forms—have complex chemistry. Living things
consist of large, complex molecules, and they also undergo many complicated chemical
changes to stay alive. Thousands (or more) of these chemical reaction occur in each cell at
any given moment. metabolism is the accumulated total of all the biochemical reaction
occurring in a cell or organism. All living things need a continuous input source of energy to
sustain life processes. Complex chemistry is needed to carry out all the functions of life.
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Cellular Energy
(ATP)

Chemical Energy
Carbohydrates
Proteins

Fats

Metabolism

——» Heat

[Figure 8]

Living organisms consume food to transform it into energy to stay alive.

Cells

All forms of life are built of at least one cell. A cell is the basic unit of the structure and
function of living things. Living things may appear very different from one another on the
outside, but their cells are very similar. Compare illustrations of the frog cells on the left and
bacteria cells on the right in Figure below. How are they similar?

If you zoom in very close on a leaf of a plant, or on the skin on your hand, or a drop of blood,
you will find cells. Most cells are so small that they are usually visible only through a
microscope. Some organisms, like bacteria, plankton that live in the ocean, or paramecium,
are unicellular, made of just one cell. Other organisms have millions, billions, or trillions of
cells.
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[Figure 9]

Frog Cells (left) and Bacteria Cells (right).

DID YOU KNOW?

A virus is a non-living thing. A virus is essentially DNA or RNA
surrounded by a coat of protein. It is not made of cells, cannot
reproduce on its own, and cannot maintain a stable internal

environment.
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Characteristics of Life

with the Amoeba Sisters

https://flexbooks.ck12.org/fix/render/embeddedobject/309224

Summary

e All living things detect changes in their environment and respond to them.
e All living things grow and develop.

e All living things are capable of reproduction, the process by which living things give rise
to offspring.

e All living things are able to maintain a constant internal environment through
homeostasis.

¢ All living things have complex chemistry.

e All forms of life are built of cells. A cell is the basic unit of the structure and function of
living things.

Review

1. List the characteristics of life.
2. Define homeostasis.
3. What is a cell?

4. Making the next generation is known as
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5. Assume that you found an object that looks like a dead twig. You wonder if it might be a
stick insect. How could you determine if it is a living thing?

E| Report Content Errors
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1.5 Principles of Biology

FlexBooks 2.0 > Biology For High School Diploma > Principles of Biology

Last Modified: Sep 09, 2021

What you will learn

* The unifying principles of biology: cell theory, gene theory, homeostasis and evolution

[Figure 1]

Reproduction, homeostasis, evolution, metabolism, heredity. What controls the
characteristics of life?

Characteristics of life are controlled by gene, which are passed from parents to offspring,
and are located on chromosome, like the ones shown here, that are found in every cell.
This describes a fundamental idea of gene theory, one of the four unifying principles of
biology.

Unifying Principles of Biology
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Four unifying principles form the basis of biology. Whether biologists are interested in
ancient life, the life of bacterium, or how humans could live on the moon, they base their
overall understanding of biology on these four principles:

1. cell theory
2. gene theory
3. homeostasis

4. evolution

The Cell Theory

According to the cell theory, all organism are made up of one or more cells, all the life
functions of an organism occur within cells, all cells come from preexisting cells. In fact,
each living thing begins life as a single cell. Some living things, such as bacteria, remain
single-celled. Other living things, including plants and animal, grow and develop into many
cells. Your own body is made up of an amazing 100 trillion cells! But even you—like all other
living things—began life as a single cell.

[Figure 2]

(A) Diatoms are about 20 pum in diameter and are made up of one cell, whereas (B) whale
sharks can measure up to 12 meters in length and are made up of billions of cells.
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HISTORY OF
CELL THEORY

https://flexbooks.ck12.org/fix/render/embeddedobject/309625

The Gene Theory

The gene theory is the idea that the characteristics of living organisms are controlled by
genes, which are passed from parents to their offspring. A gene is a segment of DNA that
has the instructions to encode a protein. Genes are located on larger structures, called
chromosomes, that are found inside every cell. Chromosomes, in turn, contain large
molecules known as DNA (deoxyribonucleic acid). Molecules of DNA are encoded with
instructions that tell cells what to do.
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Mucleus

Chromosome

Homeostasis

Homeostasis, which is maintaining a stable internal environment or keeping things
constant, is not just a characteristic of living things. It also applies to nature as a whole.
Consider the concentration of oxygen in Earth’s atmosphere. Oxygen makes up 21% of the
atmosphere, and this concentration is fairly constant. What keeps the concentration of
oxygen constant? The answer is living things. Most living things need oxygen to survive,
and when they breathe, they remove oxygen from the atmosphere. On the other hand,
many living things, including plants, give off oxygen when they make food, and this adds
oxygen to the atmosphere. The concentration of oxygen in the atmosphere is maintained
mainly by the balance between these two processes.
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[Figure 3]

The oxygen cycle is the biogeochemical cycle that helps in maintaining almost constant
levels (21%) of oxygen in the atmosphere.

Evolution

Evolution is a change in the characteristics of living things over time. Evolution occurs by a
process called natural selection. In natural selection, some living things produce more
offspring than others, so they pass more genes to the next generation than others do. Over
many generations, this can lead to major changes in the characteristics of living things.
Evolution explains how living things are changing today and how modern living things have
descended from ancient life forms that no longer exist on Earth.

As living things evolve, they generally become better suited for their environment. This is
because they evolve adaptation. An adaptation is a characteristic that helps a living thing
survive and reproduce in a given environment. Look at the mole in Figure below. It has
tentacles around its nose that it uses to sense things by touch. The mole lives underground
in the soil, where it is always dark. However, by using its touch organ, it can detect even tiny
food items in the soil in total darkness. The touch organ is an adaptation because it helps
the mole survive in its dark, underground environment.
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This mole uses its star-shaped nose organ to sense food by touch in the dark. The mole’s
very large front claws are also an adaptation for its life in the soil. Can you explain why?

EVOLUTION

https://flexbooks.ck12.org/fix/render/embeddedobject/309624
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DID YOU KNOW?

° Humans have evolved from chimpanzees is a myth!ll Humans
and chimpanzees have in common almost 99% of their DNA but
they did not evolve from each other. It is now known that
humans, chimpanzees, and gorillas evolved from a common
ancestor that existed more than 6 million years ago.

Summary

* The cell theory states that all living things are made up of cells, and living cells always
come from other living cells.

* The gene theory states that the characteristics of living things are controlled by genes.
e Homeostasis is maintaining a constant internal environment.

e FEvolution is a change in species over time.

Review

1. Identify four unifying principles of modern biology.
2. How are genes related to chromosomes?
3. Define homeostasis.

4. How are adaptations related to evolution?

B Report Content Errors
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1.6 Interdependence of Living Things

FlexBooks 2.0 > Biology For High School Diploma > Interdependence of Living Things

Last Modified: Sep 09, 2021

What you will learn

e How living things are interdependent on each other

¢ Important interactions between organism: symbiotic relationships and competition

[Figue 1]
What other species do you need to survive?

species cannot live alone. All life needs other life to survive. Plants have evolved flower
with traits that promote pollination by particular species. pollinator species, in turn, have
evolved traits that help them obtain pollen or nectar from certain species of flowers. The
flowering plants and the pollinators, such as a bird or insect, both benefit from the
relationship. This is an example of a symbiotic relationship.

Interdependence of Living Things

All living things depend on their environment to supply them with what they need,
including food, water, and shelter. Their environment consists of physical factors—such as
soil, air, and temperature—and also of other organisms. An organism is an individual living
thing. Many living things interact with other organisms in their environment. In fact, they
may need other organisms in order to survive. This is known as interdependence, as

52
https://flexbooks.ck12.0rg/flx/b/20529075/57176442


https://flexbooks.ck12.org/flx/b/20529075/57176442
https://www.ck12.org/
https://flexbooks.ck12.org/flx/b/20529075/57176442
https://flexbooks.ck12.org/flexbooks/
https://flexbooks.ck12.org/user:b3rhbi5wyxj0bmvyqgnrmtiub3jn/cbook/biology-for-high-school-diploma/r3/
https://www.ck12.org/c/biology/water?referrer=crossref

1.6. Interdependence of Living Things www.ck12.org

depicted in the Figure below. For example, living things that cannot make their own food
must eat other organisms for food. Other interactions between living things include
symbiotic relationships and competition for resources.

Glucose
&
' Oxygen
Photosynthesis
Respiration
Water

. Ml

Carbon dioxide

[Figure 2]
Symbiosis

symbiosis is a close relationship between organisms of different species in which at least
one of the organisms benefits. The other organism may also benefit, it may be unaffected by
the relationship, or it may be harmed by the relationship. Figure below shows an example of
symbiosis. The bird in the picture is able to pick out food from the fur of the antelope. The
antelope won't eat the bird. In fact, the antelope knowingly lets the bird rest on it. What, if
anything, do you think the antelope gets out of the relationship?
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[Figure 3]

An oxpecker looks out, before searching for parasites on an antelope.

Competition

Competition is a relationship between living things that depend on the same resources. The
resources may be food, water, or anything else they both need. Competition occurs
whenever the two species try to get the same resources in the same place and at the same
time. The two organisms are likely to come into conflict, and the organism better able to
obtain that resource will "win" out over the other organism. What makes an organism better
able to obtain a resource? They may be any of countless reasons, but each is considered an
adaptation that makes an organism more fit to live in its environment.
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[Figure 4]

Bears fighting in competition for food or a possible mate.

DID YOU KNOW?

. The antibiotic that are used to treat many serious bacterial
infections are actually chemicals produced by other bacterium or
fungus. They produce these chemicals to kill other microbes

which "compete" for nutrient in their natural environment.
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https://www.youtube.com/embed/2AM3ARs9MMg

Summary

e All living things depend on their environment to supply them with what they need,
including food, water, and shelter.

e Symbiosis is a close relationship between organisms of different species in which at least
one of the organisms benefits.

e Competition is a relationship between living things that depend on the same resources.

Review

1. What is meant by interdependence?
2. Describe an example of a way that you depend on other living things.
3. Compare and contrast symbiosis and competition.

4. Give three examples of resources organisms may compete for.

[£] Report Content Errors
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1.7 Organization of Living Things
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Last Modified: Sep 09, 2021

What you will learn

* Levels of organization of living things within an organism

* Levels of organization in the biosphere above the individual organism

* Diversity of life on Earth

Organ Tissue Cell

[Figure 1]
What does 'Organization of Living Things' mean?

We know it all starts with the cell. And for some species, it ends with the cell. But for others,
the cells come together to form tissue, tissues form organ, organs form organ system, and
organ systems combine to form an organism.

Levels of Organization

The living world can be organized into different levels. For example, many individual
organisms can be organized into the following levels:

* Cell: Basic unit of structure and function of all living things.
e Tissue: Group of cells of the same kind that perform the same function.

e Organ: Structure composed of two or more types of tissues. The tissues of an organ work
together to perform a specific function. Human organs include the brain, stomach,
kidney, and liver. Plant organs include roots, stem, and leaves.
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¢ Organ system: Group of organs that work together to perform a certain function.
Examples of organ systems in a human include the skeletal, nervous, and reproductive
systems.

e Organism: Individual living thing that may be made up of one or more organ systems.
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Organelle

Cell

Tissue

Organ

Organ system

Organism
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DID YOU KNOW?

An average human body has about 38 trillion cells! However,
they can be grouped into just four major tissue types which
include epithelial tissue, muscular tissue, connective tissue, and

nerve tissue.

There are also levels of organization above the individual organism.

* Organisms of the same species that live in the same area make up a population. For
example, all of the goldfish living in the same area make up a goldfish population.

e All of the populations that live in the same area make up a community. The community
that includes the goldfish population also includes the populations of other fish, coral,
and other organisms.

* An ecosystem consists of all the living things (biotic factors) in a given area, together
with the nonliving environment (abiotic factor). The nonliving environment includes
water, sunlight, and other physical factors.

e A group of similar ecosystems with the same general type of physical environment is
called a biome.

* The biosphere is the part of Earth where all life exists, including all the land, water, and
air where living things can be found. The biosphere consists of many different biomes.
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Organism Biosphere

Diversity of Life

Life on Earth is very diverse. The diversity of living things is called biodiversity. A measure
of Earth’s biodiversity is the number of different species of organisms that live on Earth. At
least 10 million different species live on Earth today. They are commonly grouped into six
different kingdoms. Examples of organisms within each kingdom are shown in the Table
below.
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[Figure 4]

[Figure 3]

[Figure 2]

Archaea bacterium protist

[Figure 5] [Figure 7]

fungus Plant animal

https://flexbooks.ck12.org/fix/render/embeddedobject/309180

Summary
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¢ Many individual organisms can be organized into the following levels: cells, tissues,
organs, and organs systems.

* An ecosystem consists of all the populations in a given area, together with the nonliving
environment.

e The biosphere is the part of Earth where all life exists.

* The diversity of living things is called biodiversity.

Review
1. Describe the levels of organization of a complex, multicellular organism such as a mouse,
starting with the cell.
2. Explain how a population differs from a community.
3. What is an ecosystem?
4. Give three examples of the nonliving environment.

5. What is biodiversity?

E] Report Content Errors
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18 Evolution of Life
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What you will learn

¢ Timeline of the history of life on Earth
* Darwin’s theory of evolution by natural selection

e evidence to support the theory of evolution

e Misconceptions about evolution

[Figure 1]
Are dinosaurs evidence of past life forms?

Evolution can be described as a change in species over time. dinosaur fossil are significant
evidence of evolution and of past life on Earth.

Evolution of Life
The diversity of life on Earth today is the result of evolution. Life began on Earth at least 3.5

to 4 billion years ago, and it has been evolving ever since. At first, all living things on Earth
were simple, single-celled organism. Much later, the first multicellular organism evolved,
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and after that, Earth’s biodiversity greatly increased. Figure below shows a timeline of the
history of life on Earth. In the entire span of time, humans are relatively a new addition.

Big Bang

14 billion years ago
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[Figure 2]
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THE MYSTERIOUS ORIGINS OF

LIFE ON EARTH

https://flexbooks.ck12.org/fix/render/embeddedobject/309168

Today, the most accepted theory of life on Earth is evolution, and there is a vast amount of
evidence supporting this theory. However, this wasn’t always the case.

Darwin and the Theory of Evolution

The idea of evolution has been around for centuries. In fact, it goes all the way back to the
ancient Greek philosopher Aristotle. However, evolution is most often associated with
Charles Darwin. Darwin published a book on evolution in 1859 titled On the Origin of
Species. In the book, Darwin stated the theory of evolution by natural selection. He also
presented a great deal of evidence that evolution occurs.

Evolution is a change in the characteristics of living things over time. As described by
Darwin, evolution occurs by a process called natural selection. In natural selection, some
members of a species, being better adapted or suited to their environment, produce more
offspring than others, so they pass "advantageous traits" to their offspring. Over many
generations, this can lead to major changes in the characteristics of the species. Evolution
explains how living things are changing today and how modern living things have
descended from ancient life forms that no longer exist on Earth. As living things evolve,
they generally become better suited for their environment. This is because they evolve
adaptation. An adaptation is a trait that helps an organism survive and reproduce in a given
environment.

An example of natural selection is shown in the Figure below. In this population of giraffes,
long necks as well as short necks exist. The long neck giraffes appear to have an advantage
in this environment. Having longer necks enabled these giraffes to feed off the higher
branches. Over time, the giraffes with longer necks survived long enough to reproduce and
pass on this trait to their offspring.
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[Figure 3] [Figure 4] [Figure 5]

Natural selection of the long-neck trait in giraffes

Despite all the evidence Darwin presented, his theory was not well-received at first. Many
people found it hard to accept the idea that humans had evolved from an ape-like ancestor,
and they saw evolution as a challenge to their religious beliefs. Look at the cartoon in
Figure below. Drawn in 1871, it depicts Darwin himself as an ape. The cartoon reflects how
many people felt about Darwin and his theory during his own time. Darwin had actually
expected this type of reaction to his theory and had waited a long time before publishing his
book for this reason. It was only when another scientist, named Alfred Russel Wallace,
developed essentially the same theory of evolution that Darwin put his book into print.

[Figure é]

Charles Darwin’s name is linked with the theory of evolution. This cartoon from the 1870s
makes fun of both Darwin and his theory.

Although Darwin presented a great deal of evidence for evolution in his book, he was
unable to explain how evolution occurs. That’s because he knew nothing about gene. As a
result, he didn’t know how characteristics are passed from parents to offspring, let alone
how they could change over time.

Evolutionary Theory After Darwin
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Since Darwin’s time, scientists have gathered even more evidence to support the theory of
evolution. Some of the evidence comes from fossils, and some comes from studies that
show how similar living things are to one another. By the 1930s, scientists had also learned
about genes. As a result, they could finally explain how characteristics of organisms could
pass from one generation to the next and change over time.

Using modern technology, scientists can now directly compare the genes of living species.
The more genes different species share in common, the more closely related the species
are presumed to be. Consider humans and chimpanzees. They share about 98% of their
genes. This means that they shared a common ancestor in the not-too-distant past. This is
just one of many pieces of evidence that show we are part of the evolution of life on Earth.

Misconceptions About Evolution

Today, evolution is still questioned by some people. Often, people who disagree with the
theory of evolution do not really understand it. For example, some people think that the
theory of evolution explains how life on Earth first began. In fact, the theory explains only
how life changed after it first appeared. Some people think the theory of evolution means
that humans evolved from modern apes. In fact, the theory suggests humans and modern
apes have a common ancestor that lived several million years ago. These and other
misconceptions about evolution contribute to the controversy that still surrounds this
fundamental principle of biology.

MYTHS and MISCONGEPTIONS about EVOLUTION

https://www.youtube.com/embed/mZt1GnOR22Q

Summary
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¢ Life began on Earth at least 3.5 to 4 billion years ago, and it has been evolving ever since.

e Darwin stated the theory of evolution by natural selection, presenting a great deal of
evidence to support his theory.

e Evolution is a change in the characteristics of living things over time. Evolution occurs by
natural selection.

e Characteristics of organisms are passed from one generation to the next through their
genes.

Review

1. What is evolution?
2. What is natural selection?

3. Briefly, explain the theory of evolution.

E] Report Content Errors
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What you will learn

e The importance of carbon for life on Earth

* The basic structure and function of the four major types of organic compound

feem ‘ Wi

12
Carbon
(]
£ ‘
[Figure 1]

Carbon. Element number six. Right in the middle of the first row of the Periodic Table. So
what?

Carbon is the most important element to life. Without this element, life as we know it would
not exist. As you will see, carbon is the central element in compounds necessary for life.

The Significance of Carbon
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A compound found mainly in living things is known as an organic compound. Organic
compounds make up the cell and other structures of organism and carry out life processes.
Carbon is the main element in organic compounds, so carbon is essential to life on Earth.
Without carbon, life as we know it could not exist.

DID YOU KNOW?

b RNA was one of the first organic molecule that formed about 4

billion years ago. It may have formed the basis of early life.

Compounds

A compound is a substance that consists of two or more elements. A compound has a
unique composition that is always the same. The smallest particle of a compound is called a
molecule. Consider water as an example. A molecule of water always contains one atom of
oxygen and two atoms of hydrogen. The composition of water is expressed by the chemical
formula H,O. A model of a water molecule is shown in the Figure below. Water is not an

organic compound.

Oxygen

Hydrogen
[Figure 2]

A water molecule always has this composition, one atom of oxygen and two atoms of
hydrogen.

What causes the atoms of a water molecule to “stick” together? The answer is chemical
bond. A chemical bond is a force that holds molecules together. Chemical bonds form when
substances react with one another. A chemical reaction is a process that changes some
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chemical substances into others. A chemical reaction is needed to form a compound.
Another chemical reaction is needed to separate the substances in a compound.

Carbon

Why is carbon so basic to life? The reason is carbon’s ability to form stable bonds with many
elements, including itself. This property allows carbon to form a huge variety of very large
and complex molecules. In fact, there are nearly 10 million carbon-based compounds in
living things! However, the millions of organic compounds can be grouped into just four
major types: carbohydrate, lipid, protein, and nucleic acid. You can compare the four types
in the Table below. Common structural examples of the four major types of organic
compounds are included in the table. Notice the diversity of structures among the organic
compounds listed.

https://flexbooks.ck12.org/fix/render/embeddedobject/309290
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Type of
Compound

Carbohydrates

Lipids

Proteins

Nucleic Acids

Examples

sugars,
starches

fats, oils

enzyme,
antibody

DNA,
RNA

Structure

CH,OH
O.
OH
OH OH
OH

[Figure 3]

I,
lj\‘\t leeeeseee]

[Figure 4]

VA

[Figure 6]

Elements

carbon, hydrogen,
oxygen

carbon, hydrogen,
oxygen

carbon, hydrogen,
oxygen, nitrogen,
sulfur

carbon, hydrogen,
oxygen, nitrogen,
phosphorus

www.ck12.org
Functions

Monomer

provides energy to cells, stores energy,

monosaccharide
forms body structures

stores energy, forms cell membrane,
carries messages

helps cells keep their shape, makes up

muscles, speeds up chemical reactions, amino acid
carries messages and materials

contains instructions for proteins, passes

instructions from parents to offspring, nucleotide

helps make proteins

https://flexbooks.ck12.org/fix/render/embeddedobject/309291

Carbohydrates, proteins, and nucleic acids are large molecules known as polymer (also

referred to as macromolecules) built from smaller molecules (monomer) through

dehydration reactions. In a dehydration reaction, water is removed as two monomers are
joined together. hydrolysis is a reaction where polymers are broken down; a water molecule
is split, separating a monomer away from the polymer chain.
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1 CAN YOU MATCH?
)

Try to match these organic compounds with their major functions.

Summary

Organic
Compounds

CH,OH
0
OH

OH OH
OH

Carbohydrate

Nucleic Acid

Protein

Major Functions

Stores energy
O and forms cell
membranes

Helps cells
keep their
o shape and
speed up
reactions

Provides
energy and

o forms body

structures

o Stores genetic
information

www.ck12.org

8-v ‘Q-€ 'v-T ‘Dl ‘slamsuy

e Carbon is the main element in organic compounds. Carbon can form stable bonds with

many elements, including itself.

* There are four major types of organic compounds: carbohydrates, lipids, proteins, and

nucleic acids.
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¢ In a dehydration reaction, two monomers are joined together while in hydrolysis
polymers are broken down, separating a monomer away from the polymer chain.

Review

1. What is a compound?

2. Explain why carbon is essential to all known life on Earth.
3. What are the four main types of organic compounds?

4. Which type(s) of organic compounds provide energy?

5. Which organic compound stores genetic information?

6. Examples of proteins include

D Report Content Errors
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1.10 Carbohydrates

FlexBooks 2.0 > Biology For High School Diploma > Carbohydrates

Last Modified: Aug 31, 2021

What you will learn

* The chemical structure and function of carbohydrates
e Examples of carbohydrates and where they are used

e Sugars used as biofuels

[Figure 1]

Sugar. Does this look like biological energy?

As a child, you may have been told that sugar is bad for you. Well, that's not exactly true.
Essentially, carbohydrates are made of sugar, from a single sugar molecule to thousands of
sugar molecules attached together. Why? One reason is to store energy. But that does not
mean you should eat it by the spoonful.

Carbohydrates
Carbohydrates are the most common type of organic compound. A carbohydrate is an

organic compound such as sugar or starch and is used to store energy. Like most organic
compounds, carbohydrates are built of small, repeating units that form bonds with each
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other to make a larger molecule. In the case of carbohydrates, the small repeating units are
called monosaccharide. Carbohydrates contain only carbon, hydrogen, and oxygen.

Monosaccharides and Disaccharides

A monosaccharide, the monomer of carbohydrates, is a simple sugar such as fructose or
glucose. Fructose is found in fruit, whereas glucose generally results from the digestion of
other carbohydrates. Glucose (CgH1,Og) is used for energy by the cell of most organism and

is a product of photosynthesis.

DID YOU KNOW?

b The brain is the only organ that is entirely dependent on glucose
for its function. It cannot use any other molecule for its energy

needs.

Another monosaccharide, fructose, has the same chemical formula as glucose, but the
atoms are arranged differently. Molecules with the same chemical formula but with atoms in
a different arrangement are called isomer. Compare the glucose and fructose molecules in
the Figure below. Can you identify their differences? The only differences are the positions
of some of the atoms. These differences affect the properties of the two monosaccharides.

CHEOH

CHEOH

H

[Figure 2]

Sucrose Molecule. This sucrose molecule is a disaccharide. It is made up of two
monosaccharides: glucose on the left and fructose on the right.

If two monosaccharides bond together, they form a carbohydrate called a disaccharide. An
example of a disaccharide is sucrose (table sugar), which consists of the monosaccharides
glucose and fructose (Figure above). Monosaccharides and disaccharides are also called
simple sugars. They provide the major source of energy to living cells.
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CH,OH CH,OH CH,OH CH,OH CH,OH
H oH H oH H oH H oH H o
OH H OH H OH H OH H OH H
HO o) o) o] o]
H OH H OH H OH H OH H OH

Polysaccharides

A polysaccharide is a complex carbohydrate that forms when simple sugars bind together in
a chain. Polysaccharides may contain just a few simple sugars or thousands of them.
Complex carbohydrates have two main functions: storing energy and forming structures of
living things. Some examples of complex carbohydrates and their functions are shown in the
Table below. Which type of complex carbohydrate does your own body use to store energy?

78
https://flexbooks.ck12.org/flx/b/20529075/57176446


https://flexbooks.ck12.org/flx/b/20529075/57176446
https://www.ck12.org/
https://flexbooks.ck12.org/flx/b/20529075/57176446

1.10. Carbohydrates www.ck12.org

Name Function Example

Starch Used by plants to store energy.
[ - -I i
[Figure 3]
A potato stores starch in underground tubers.
Glycogen Used by animal to store energy.
: T A
[Figure 4]
A human stores glycogen in liver cells.
cellulose Used by plants to form rigid walls around cells.
i
A
[Figure 5]
Plants use cellulose for their cell wall.
chitin Used by some animals to form an external skeleton.

[igure 6]

A grasshopper uses chitin for its exoskeleton.
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DID YOU KNOW?
b Your blood group (A, B, AB, or O) is determined by the type of

small carbohydrates attached to certain protein in the

membranes of your red blood cell.

Chemistry

CARBOHYDI

https://flexbooks.ck12.org/fix/render/embeddedobject/300748

Biofuels: From Sugar to Energy

For years there's been a buzz, both positive and negative, about generating ethanol fuel
from corn. Is this a good idea? Is it necessary? These questions need to be discussed.
However, the Bay Area of California is rapidly becoming a world center for the next
generation of green fuel alternatives. The joint BioEnergy Institute is developing methods to
isolate biofuels from the sugars in cellulose.
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Summary

e Carbohydrates are organic compounds used to store energy.

* A monosaccharide, the monomer of carbohydrates, is a simple sugar, such as fructose or
glucose.

e Complex carbohydrates have two main functions: storing energy and forming structures
of living things.

Review

1. What is a carbohydrate?
2. List three facts about glucose.

3. Assume that you are trying to identify an unknown organic molecule. It contains only
carbon, hydrogen, and oxygen and is found in the cell walls of a newly discovered plant
species. What type of organic compound is it? Why?

4. Compare and contrast the structures and functions of simple sugars and complex
carbohydrates.

E] Report Content Errors
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1.11 Proteins

FlexBooks 2.0 > Biology For High School Diploma > Proteins

Last Modified: Jan 18, 2022

What you will learn

e What are proteins
e |evels of protein structure

e Important functions of proteins

T
A
— &

You may have been told proteins are good for you. Do these look good to you?

Proteins as food. To you, these may not look appetizing (or they might), but they do provide
a nice supply of amino acid, the monomer of proteins. Proteins have many important roles,
from transporting, signaling, receiving, and catalyzing to storing, defending, and allowing for
movement. Where do you get the amino acids needed so your cell can make their own
proteins? If you cannot make it, you must eat it.

Proteins
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A protein is an organic compound made up of small molecules called amino acids, the
monomers of proteins. There are 20 different amino acids commonly found in the proteins
of living organism. Small proteins may contain just a few hundred amino acids, whereas
large proteins may contain thousands of amino acids. The largest known proteins are titins,
found in muscle, which are composed from over 27,000 amino acids.

The Figure below shows the general structure of all amino acids. Only the side chain, R,
varies from one amino acid to another. For example, in the amino acid glycine, the side
chain is simply hydrogen (H). In glutamic acid, in contrast, the side chain is CH2CH2COOH.
Variable side chains give amino acids different chemical properties. The order of amino
acids, together with the properties of the amino acids, determines the shape of the protein,
and the shape of the protein determines the function of the protein.

Amino

group (NH,) e Carboxylic
group (COQOH)
R
Variable
side chain
[Figure 2]

General Structure of Amino Acids. KEY: White = hydrogen (H), Blue = nitrogen (N), Dark Grey
= carbon (C), Red = oxygen (O), R = variable side chain

DID YOU KNOW?

Although there are hundreds of amino acids found in nature, only
20 amino acids are encoded by the standard genetic code in
humans and other living organisms. Two more amino acids,

selenocysteine and pyrrolysine, have been found to be
incorporated during protein synthesis. This makes them the 2P

and 22"9 amino acids that you may find present in proteins.
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Protein Structure

When amino acids bind together, they form a long chain called a polypeptide. A protein
consists of one or more polypeptide chains. A protein may have up to four levels of
structure. The lowest level, a protein’s primary structure, is its sequence of amino acids.
Higher levels of protein structure are described in the animation below. The complex
structures of different proteins give them unique properties, which they need to carry out
their various jobs in living organisms.

Primary structure

Peptide
bhond

Secondary structure

&y
&y

N\
\

FPleated Alpha
sheet helix

Tertiary structure

Quaternary structure
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PRIMARY
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SECONDARY
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TERTIARY
STRUCTURE

QUATERNARY
STRUCTURE

Protein Structure and Folding

with the Amoeba Sisters

https://flexbooks.ck12.org/fix/render/embeddedobject/310247

Functions of Proteins

Proteins play many important roles in living things. Some proteins help cells keep their
shape (structural proteins), some, such as connective and motor proteins, make up muscle
tissue, and some transport items in and out of cells (transport proteins). Some proteins act as
signals, and other proteins receive those signals. enzyme are proteins that speed up
chemical reaction in cells. Other proteins are antibody, which bind to foreign substances
such as bacterium and target them for destruction. Still other proteins carry messages or
transport materials. For example, human red blood cell contain a protein called hemoglobin,
which binds with oxygen. Hemoglobin allows the blood to carry oxygen from the lung to
cells throughout the body.

MO
iﬂll’L‘DnrrlE

- | Aspartic Acid N ; NDI‘IPCHEI’

“hydrophobic”

Polar

“hydraphillic” i
e MNegartive

charge
Positive

charge

Chemical
Properties
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Proteins and Diet

Proteins in the diet are necessary for life. Dietary proteins are broken down into their
component amino acids when food is digested. Cells can then use the components to build
new proteins. Humans are able to synthesize all but eight of the twenty common amino
acids. These eight amino acids, called essential amino acid, must be consumed in foods.
Like dietary carbohydrate and lipid, dietary proteins can also be broken down to provide
cells with energy.

? CAN YOU MATCH?

® Try matching the levels of protein structure with their description.

Level of protein

structure Description
>y >
> N The sequence of
N amino acids in a
y 4
N protein
Secondary
:
000 ~ Protein consisting of
“o‘ (@) (O | more than one amino
® acid chain
Primary

Three-dimensional
structure of a protein,
O attractions form
between helices and

Tertiary sheets
Amino acids
o o hydrogen bond to
form helices and
h
Quaternary sheets

8- ‘O-€ 'V-T ‘Q-l :siemsuy

science Friday: The Medical Wonders of Worm Spit

How useful is worm spit? It turns out that worm spit, also known as silk, is a very useful
material in medicine. In this video by Science Friday, Dr. David Kaplan describes how silk is
used in a variety of medical applications.
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https://flexbooks.ck12.org/fix/render/embeddedobject/310249

Summary

e Proteins are organic compounds made up of amino acids, the monomers of proteins.

e A protein may have up to four levels of structure. The complex structures of different
proteins give them unique properties.

e Enzymes are proteins that speed up biochemical reactions in cells. Antibodies are
proteins that target pathogens for destruction.

Review

1. Proteins are made out of

2. What determines the primary structure of a protein?
3. State two functions of proteins.
4. What are enzymes?

5. Describe the role of hemoglobin.

B Report Content Errors
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1.12 Lipids

FlexBooks 2.0 > Biology For High School Diploma > Lipids

Last Modified: Jan 18, 2022

What you will learn

What are lipids

Structure and function of saturated and unsaturated fatty acid

Types of lipids

Role of lipids in the human body

[Figure 1]
Oil. Does it mix with water? No. Biologically, why is this important?

Oil is a lipid. The property of chemically not being able to mix with water gives lipids some
very important biological functions. Lipids form the outer membrane of cell. Why?
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Lipids

A lipid is an organic compound such as fat or oil. organism use lipids to store energy, but
lipids have other important roles as well. Lipids consist of repeating units called fatty acid.
Fatty acids are organic compounds that have the general formula CH3(CH5),COOH, where

n usually ranges from 2 to 28 and is always an even number. There are two types of fatty
acids: saturated fatty acid and unsaturated fatty acids.

DID YOU KNOW?

b Lipids are the highest long-term energy storage molecules. One

gram of lipids yields 9 kcal of energy.

Saturated Fatty Acids

In saturated fatty acids, carbon atoms are bonded to as many hydrogen atoms as possible.
This causes the molecules to form straight chains, as shown in the Figure below. The
straight chains can be packed together very tightly, allowing them to store energy in a
compact form. This explains why saturated fatty acids are solids at room temperature. animal
use saturated fatty acids to store energy.
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Saturated fatty acid Stearic C13H3502

Monounsaturated fatty acid Oleic C1gH3402

Polyunsaturated fatty acid Linoleic C13H3202
[Figure 2] [Figure 3]

Fatty Acids structures and their examples. Saturated fatty acids have straight chains.
Unsaturated fatty acids have bent chains.

Unsaturated Fatty Acids

In unsaturated fatty acids, some carbon atoms are not bonded to as many hydrogen atoms
as possible. Instead, they are bonded to other groups of atoms. Wherever carbon binds with
these other groups of atoms, it causes chains to bend (see the Figure above). The bent
chains cannot be packed together very tightly, so unsaturated fatty acids are liquids at room
temperature. Plants use unsaturated fatty acids to store energy. Some examples are shown
in the Figure below.

90
https://flexbooks.ck12.0rg/flx/b/20529075/57176448


https://flexbooks.ck12.org/flx/b/20529075/57176448
https://www.ck12.org/
https://flexbooks.ck12.org/flx/b/20529075/57176448

1.12. Lipids www.ck12.org

[Figure 4] [Figure 5] [Figure 6]

These plant products all contain unsaturated fatty acids.

Types of Lipids

Lipids may consist of fatty acids alone, or they may contain other molecules as well. For
example, some lipids contain alcohol or phosphate groups. They include

1. Triglycerides: the main form of stored energy in animals.
2. Phospholipids: the major components of cell membrane.

3. Steroids: serve as chemical messengers and have other roles.

Glycerol Fatty acids

. Carbon Hydrogen . Oxygen

[Figure 7]

Triglyceride Molecule. The left part of this triglyceride molecule represents glycerol. Each of
the three long chains on the right represents a different fatty acid.
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Lipids and Diet

Humans need lipids for many vital functions, such as storing energy and forming cell
membranes. Lipids can also supply cells with energy. In fact, a gram of lipids supplies more
than twice as much energy as a gram of carbohydrate or protein. Lipids are necessary in the
diet for most of these functions. Although the human body can manufacture most of the
lipids it needs, there are others, called essential fatty acid, that must be consumed in food.
Essential fatty acids include omega-3 and omega-6 fatty acids. Both of these fatty acids are
needed for important biological processes, not just for energy.

DID YOU KNOW?

b The acidic environment of the stomach helps digest lipids by
activating the enzyme lipase. Lipase breaks down lipids into

glycerol and fatty acids.

Although some lipids in the diet are essential, excess dietary lipids can be harmful. Because
lipids are very high in energy, eating too many may lead to unhealthy weight gain. A high-
fat diet may also increase lipid levels in the blood. This, in turn, can increase the risk for
health problems such as cardiovascular disease. The dietary lipids of most concern are
saturated fatty acids, trans fats, and cholesterol. For example, cholesterol is the lipid mainly
responsible for narrowing artery and causing the disease atherosclerosis.

https://flexbooks.ck12.org/fix/render/embeddedobject/309229
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Summary
e QOrganisms use lipids to store energy. There are two types of fatty acids: saturated fatty
acids and unsaturated fatty acids.

e Animals use saturated fatty acids to store energy. Plants use unsaturated fatty acids to
store energy.

* Phospholipids are the major components of cell membranes.

* Excess dietary lipids can be harmful.

Review

1. What is a lipid? Give three examples.

2. Butter is a fat that is a solid at room temperature. What type of fatty acid does butter
contain? How do you know?

3. Explain why molecules of saturated and unsaturated fatty acids have different shapes.

4. Which lipid is the main component of cell membranes?

E Report Content Errors
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113 Nucleic Acids

FlexBooks 2.0 > Biology For High School Diploma > Nucleic Acids

Last Modified: Jan 25, 2022

What you will learn

e Nucleic acids and their structure

e Role of nucleic acids
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[Figure 1]
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You may have heard that something is "encoded in your DNA." What does that mean?

Nucleic acids. Essentially the "instructions" or the "code" of life. Deoxyribonucleic acid, or
DNA, carries the unique code to make the protein that give you your traits. Half of this code
comes from your biological mother and a half from your biological father. Therefore, every
person that has ever lived - except for identical twins - has his or her own unique sequence
of code - orinstructions - or DNA.

Nucleic Acids
A nucleic acid is an organic compound, such as DNA or RNA, that is built of monomer called

nucleotide. Many nucleotides bind together to form a chain called a polynucleotide. The
nucleic acid DNA (deoxyribonucleic acid) consists of two polynucleotide chains. The nucleic
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acid RNA (ribonucleic acid) consists of just one polynucleotide chain. Adenosine
Triphosphate (ATP) is another important nucleic acid. ATP is described as the "energy
currency" of the cell or the "molecular unit of currency." One molecule of ATP contains three
phosphate groups.

Structure of Nucleic Acids
Each nucleotide consists of three smaller molecules as shown in the Figure below:

1. sugar
2. phosphate group

3. nitrogen base
If you look at the Figure below, you will see that the sugar of one nucleotide binds to the
phosphate group of the next nucleotide. These two molecules alternate to form the

backbone of the nucleotide chain. This backbone is known as the sugar-phosphate
backbone.

Nucleotide

Nitrogenous Base

Phosphate

Sugar
[Figure 2]

Structure of a nucleotide

The nitrogen bases in a nucleic acid stick out from the backbone. There are four different
types of bases: cytosine (C), adenine (A), guanine (G), and either thymine (T) in DNA, or

95
https://flexbooks.ck12.0rg/flx/b/20529075/57176449


https://flexbooks.ck12.org/flx/b/20529075/57176449
https://www.ck12.org/
https://flexbooks.ck12.org/flx/b/20529075/57176449

1.13. Nucleic Acids www.ck12.org

uracil (U) in RNA. In DNA, bonds form between bases on the two nucleotide chains and hold
the chains together. Each type of base binds with just one other type of base: cytosine
always binds with guanine, and adenine always binds with thymine. These pairs of bases are

called complementary base pair.

? CAN YOU BUILD?
® Try to bond the nitrogen bases on the right, with the

complementary base. Start by dragging the nitrogen bases on the

right.
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DID YOU KNOW?

b Although there are about 8.7 million known species of living

organism on Earth, their genetic information is only made of four
letters A, T, G, and C.

The binding of complementary bases allows DNA molecules to take their well-known shape,
called a double helix, which is shown in the Figure below. A double helix is like a twisted
ladder. The double helix shape forms naturally and is very strong, making the two
polynucleotide chains difficult to break apart.

Base pairs
DNA (double helix)

DNA wraps
around proteins

Chromosome

DNA coils up along
with proteins

[Figure 3]

DNA Molecule. Bonds between complementary bases help form the double helix of a DNA
molecule. The letters A, T, G, and C stand for the bases adenine, thymine, guanine, and
cytosine. The sequence of these four bases in DNA is a code that carries instructions for

making proteins. Shown is how the DNA winds into a chromosome.
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DID YOU KNOW?

hd Due to one less carbon in its sugar component, DNA is a more
stable molecule than RNA. This property is useful in keeping the

genetic information safe.

Roles of Nucleic Acids

DNA is also known as the hereditary material or genetic information. It is found in gene, and
its sequence of bases makes up a code. Between 'starts' and 'stops', the code carries
instructions for the correct sequence of amino acid in a protein. DNA and RNA have
different functions relating to the genetic code and proteins. Like a computer code, DNA
contains the genetic instructions for the correct sequence of amino acids in proteins. RNA
uses the information in DNA to assemble the correct amino acids and help make the protein.
The information in DNA is passed from parent cell to daughter cell whenever cells divide.
The information in DNA is also passed from parents to offspring when organisms reproduce.
This is how inherited characteristics are passed from one generation to the next.

TACGTGACACAACGTGGCCACGAGGTTAGA
ATGCACTGTGTTGCACCGGTGCTCCAATCT

|

TACGTGACACAACGTGGCCACGAGGTTAGA
AUGCACUGUGUUGCACCGGUGCUCCAAULCWU

DNA

DNA is copied into RNA

RNA

ATGCACTGTGTTGCACCGGTGCTCCAATCT

RNA directs protein synthesis ¢
AUGCACUGUGUUGCACCGGUGCUCCAAUCU

I I ]! I | I | | I [ I

Protein
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Summary
* DNA, RNA, and ATP are nucleic acids. Polynucleotides like DNA and RNA are built of
monomers called nucleotides.

e The bases of DNA are adenine, guanine, cytosine, and thymine. In RNA, thymine is
replaced by uracil.

e In DNA, A always binds to T, and G always binds to C.
* The shape of the DNA molecule is known as a double helix.

¢ DNA contains the genetic instructions for the correct sequence of amino acids in
proteins. RNA uses the information in DNA to assemble the correct amino acids and help
make the protein.

Review

1. Identify the three parts of a nucleotide.

2. What is DNA?

3. What are complementary base pairs? Give an example.
4. Describe the shape of DNA.

5. How are DNA and RNA related to proteins?
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1.14 Biochemical Reactions

FlexBooks 2.0 > Biology For High School Diploma > Biochemical Reactions

Last Modified: Mar 04, 2022

What you will learn

chemical reaction and biochemical reactions

reactant and products in a chemical reaction

How to write a chemical equation

e Conservation of matter in chemical reactions

NH,

N X
f )
O—P—O—CH, N NA

OH OH

[Figure 1]
Understanding chemistry is essential to fully understand biology. Why?

A general understanding of chemistry is necessary to understand biology. Essentially, our
cell are just thousands of chemicals — made of element like carbon, hydrogen, oxygen,
nitrogen, phosphorus and sulfur — in just the right combinations. And these chemicals
combine through chemical reactions.

Chemical Reactions

The element chlorine (Cl) is a greenish poison. Would you eat chlorine? Of course not, but
you often eat a compound containing chlorine. In fact, you probably eat this chlorine
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compound just about every day. Do you know what it is? It’s table salt. Table salt is sodium
chloride (NaCl), which forms when chlorine and sodium (Na) combine in certain proportions.
How does chlorine, a toxic green chemical, change into harmless white table salt? It
happens in a chemical reaction.

A chemical reaction is a process that changes some chemical substances into others. A
substance that starts a chemical reaction is called a reactant, and a substance that forms as
a result of a chemical reaction is called a product. During a chemical reaction, the reactants
are used up to create the products. Chemical reactions that take place inside living things
are called biochemical reactions.

An example of a chemical reaction is the burning of methane. In this chemical reaction, the
reactants are methane (CHy) and oxygen (O5), and the products are carbon dioxide (CO,)

and water (H,O). A chemical reaction involves the breaking and forming of chemical bond.

When methane burns, bonds break in the methane and oxygen molecules, and new bonds
form in the molecules of carbon dioxide and water.

Chemical Equations

A chemical reaction can be represented by a chemical equation. For example, the burning
of methane can be represented by the chemical equation

CH4 + 202 - C02 + 2H20

The arrow in a chemical equation separates the reactants from the products and shows the
direction in which the reaction proceeds. If the reaction could occur in the opposite
direction as well, two arrows pointing in opposite directions would be used. The number 2
in front of O, and H,O shows that two oxygen molecules and two water molecules are

involved in the reaction. (With no number in front of a chemical symbol, just one molecule is
involved.)

Conservation of Matter

In a chemical reaction, the quantity of each element does not change; there is the same
amount of each element in the products as there was in the reactants. This is because
matter is always conserved. The conservation of matter is reflected in a reaction’s chemical
equation. The same number of atoms of each element appears on each side of the arrow.
For example, in the chemical equation for the burning of methane, there are four hydrogen
atoms on each side of the arrow. Can you find all four of them on each side of the
equation?
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Summary
* A chemical reaction is a process that changes some chemical substances into others.
During a chemical reaction, the reactants are used up to create the products.

¢ In a chemical reaction, matter is always conserved.

Review

1. Define a chemical reaction.
2. Describe the roles of reactants and products in chemical reactions.

3. How does a chemical equation show that matter is always conserved in a chemical
reaction?

4. Knowing that water (H,0) forms from hydrogen (H5) and oxygen (O,), write a chemical

equation for the formation of water from these two elements.

E’ Report Content Errors
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1.15 Energy and Biochemical Reactions

FlexBooks 2.0 > Biology For High School Diploma > Energy and Biochemical Reactions

Last Modified: Jan 18, 2022

What will you learn

e How energy is involved in a chemical reaction

e Endothermic and exothermic reaction

[Figure 1]

What is energy? Where does your energy come from? Can energy be recycled?

This team of ants is breaking down a dead tree. A classic example of teamwork. And all that
work takes energy. In fact, each chemical reaction - the chemical reactions that allow the
cell in those ants to do the work - needs energy to get started. And all that energy comes
from the food the ants eat. Whatever eats the ants gets their energy from the ants. Energy
passes through an ecosystem in one direction only.

Chemical Reactions and Energy

Chemical reactions always involve energy. Energy is a property of matter that is defined as
the ability to do work. When methane burns, for example, it releases energy in the form of
heat and light. Other chemical reactions absorb energy rather than release it.
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Exothermic Reactions

A chemical reaction that releases energy (as heat) is called an exothermic reaction. This
type of reaction can be represented by a general chemical equation:

reactant = Products + Heat

In addition to methane burning, another example of an exothermic reaction is chlorine
combining with sodium to form table salt. This reaction also releases energy.

DID YOU KNOW?

b cellular respiration is a series of exothermic reactions that occur

in order to release energy from food molecules.

Endothermic Reaction

A chemical reaction that absorbs energy is called an endothermic reaction. This type of
reaction can also be represented by a general chemical equation:

Reactants + Heat = Products

Did you ever use a chemical cold pack? The pack cools down because of an endothermic
reaction. When a tube inside the pack is broken, it releases a chemical that reacts with water
inside the pack. This reaction absorbs heat energy and quickly cools down the pack.

Activation Energy

All chemical reactions need energy to get started. Even reactions that release energy need
a boost of energy in order to begin. The energy needed to start a chemical reaction is called
activation energy. Activation energy is like the push a child needs to start going down a
playground slide. The push gives the child enough energy to start moving, but once she
starts, she keeps moving without being pushed again. Activation energy is illustrated in the
Figure below.
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»

Activation energy

Energy

Reactants
A+ B

@O

Products

Reaction progress
[Figure 2]

Activation energy provides the “push” needed to start a chemical reaction. Is the chemical
reaction in this figure an exothermic or endothermic reaction?

Why do all chemical reactions need energy to get started? In order for reactions to begin,
reactant molecules must bump into each other, so they must be moving, and movement
requires energy. When reactant molecules bump together, they may repel each other
because of intermolecular forces pushing them apart. Overcoming these forces so the
molecules can come together and react also takes energy.

Chemistry

ENDOTHERMIC
& EXOTHERMIC

https://flexbooks.ck12.org/fix/render/embeddedobject/310252
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Summary

¢ Chemical reactions always involve energy.

e A chemical reaction that releases energy is an exothermic reaction, and a chemical
reaction that absorbs energy is an endothermic reaction.

* The energy needed to start a chemical reaction is the activation energy.

Review

1. What is an exothermic reaction?
2. What is the general chemical equation for an endothermic reaction?
3. What is the activation energy?

4. Why do all chemical reactions require activation energy?
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1.16 Types of Biochemical Reactions

FlexBooks 2.0 > Biology For High School Diploma > Types of Biochemical Reactions

Last Modified: Mar 04, 2022

What you will learn

¢ biochemical reaction and their role in metabolism

* The types of biochemical reactions

[Figure 1]

What do you get when you cross biology and chemistry?

Hummingbirds, with their tiny bodies and high levels of activity, have the highest metabolic
rates of any animal — roughly a dozen times that of a pigeon and a hundred times that of an
elephant. The metabolic rate, or rate of metabolism, has to do with the amount of energy
the organism uses. And that energy is used to drive the chemical reaction in cell — or the
biochemical reactions. And, of course, it is all the biochemical reactions that allow the cells
to function properly, and maintain life.

Biochemical Reactions

Biochemical reactions are chemical reactions that take place inside the cells of living
things. The field of biochemistry demonstrates that knowledge of chemistry, as well as
biology, is needed to fully understand the life processes of organisms at the level of the cell.
The sum of all the biochemical reactions in an organism is called metabolism. It includes
both exothermic and endothermic reactions.
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Types of Biochemical Reactions

exothermic reaction in organisms are called catabolic reaction. These reactions break down
molecules into smaller units and release energy. An example of a catabolic reaction is the
breakdown of glucose, which releases energy that cells need to carry out life processes.
Endothermic reactions in organisms are called anabolic reactions. These reactions build up
bigger molecules from smaller ones. An example of an anabolic reaction is the joining of
amino acid to form a protein. Which type of reactions—catabolic or anabolic—do you think
occur when your body digests food?

METABOLISM

IT'S WAY COOLER THAN
YOU THOUGHT IT WAS

https://flexbooks.ck12.org/flx/render/embeddedobject/310263

Summary

e Biochemical reactions are chemical reactions that take place inside the cells of
organisms.

e Catabolic reactions break down big molecules into smaller units.

e Anabolic reactions build up bigger molecules from smaller ones.
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Review

1. What are biochemical reactions?
2. What is metabolism?
3. Describe catabolic reactions?

4. What is an example of a biochemical reaction?

E’ Report Content Errors
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1.17 Enzymes
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Last Modified: Feb 08, 2022

What you will learn

* How enzymes catalyze biochemical reaction

* Importance of enzymes

[Figure 1]

What is a biological catalyst?

This super fast train can obviously reach great speeds. And there's a lot of technology that
helps this train go fast. Speaking of helping things go fast brings us to enzymes. Life could
not exist without enzymes. Essentially, enzymes are biological catalyst that speed up
biochemical reactions.

Enzymes
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Enzymes and Biochemical Reactions

Most chemical reaction within organism would be impossible under the conditions in cell.
For example, the body temperature of most organisms is too low for reactions to occur
quickly enough to carry out life processes. reactant may also be present in such low
concentrations that it is unlikely they will meet and collide. Therefore, the rate of most
biochemical reactions must be increased by a catalyst. A catalyst is a chemical that speeds
up chemical reactions. In organisms, catalysts are called enzymes. Essentially, enzymes are
biological catalysts.

Like other catalysts, enzymes are not reactants in the reactions they control. They help the
reactants interact but are not used up in the reactions. Instead, they may be used over and
over again. Unlike other catalysts, enzymes are usually highly specific for particular
chemical reactions. They generally catalyze only one or a few types of reactions.

Enzymes are extremely efficient in speeding up reactions. They can catalyze up to several
million reactions per second. As a result, the difference in rates of biochemical reactions
with and without enzymes may be enormous. A typical biochemical reaction might take
hours or even days to occur under normal cellular conditions without an enzyme, but less
than a second with an enzyme.

How does an enzyme affect the rate of a biochemical reaction?
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DID YOU KNOW?

b The first enzyme, diastase, was discovered by French chemist
Anselme Payen in 1833. This enzyme, now known as amylase,
belongs to the group of enzymes that catalyze the breakdown of

starch to maltose.

Importance of Enzymes

Enzymes are involved in most of the biochemical reactions that take place in organisms.
About 4,000 such reactions are known to be catalyzed by enzymes, but the number may be
even higher. Enzymes allow reactions to occur at the rate necessary for life.

In animal, an important function of enzymes is to help digest food. Digestive enzymes
speed up reactions that break down large molecules of carbohydrate, protein, and fats into
smaller molecules the body can use. Without digestive enzymes, animals would not be able
to break down food molecules quickly enough to provide the energy and nutrient they need
to survive.

science Friday: Stained Glass Conservation

Stained glass from the Middle Ages is often hundreds of years old. Unfortunately, many of
these relics are in need of cleaning and maintenance. In this video by Science Friday,
conservator Mary Higgins discusses the methods used to protect the stained glass.
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DID YOU KNOW?

b Carbonic anhydrase is one of the fastest known enzymes present
in the human body. It can produce up to 600,000 molecules of
product per second. It catalyzes the conversion between carbon
dioxide and bicarbonate ion and maintains the pH, acid-base
homeostasis in blood, and regulates fluid balance.

Summary

e Enzymes are biological catalysts. They speed up biochemical reactions.

* Enzymes are involved in most of the chemical reactions that take place in organisms.

Review

1. What are enzymes?

2. Are enzymes reactants? Explain your answer.
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3. What happens to an enzyme after a biochemical reaction?

4. Explain why organisms need enzymes to survive.

E Report Content Errors
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1.18 Enzyme Function
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Last Modified: Jan 18, 2022

What will you learn

* How do enzyme work
e What is the role of the active site of an enzyme

* Factors that affect enzyme activity

[Figure 1]

Do cells have one enzyme with lots of functions, or many enzymes, each with just one
function?

Enzymes. Vital protein necessary for life. So how do enzymes work? How do they catalyze
just one specific biochemical reaction? In a puzzle, only two pieces will fit together
properly. Understanding that is one of the main steps in understanding how enzymes work.

Enzyme Function

How do enzymes speed up biochemical reactions so dramatically? Like all catalyst,
enzymes work by lowering the activation energy of chemical reaction. Activation energy is
the energy needed to start a chemical reaction. This is illustrated in the Figure below. The
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biochemical reaction shown in the figure requires about three times as much activation
energy without the enzyme as it does with the enzyme.

A Without enzyme

Activation
energy
without
enzyme

Activation
energy with
enzyme

'Substrates

Energy

Products |

Reaction progress
[Figure 2]

The enzyme speeds up the reaction by lowering the activation energy needed for the
reaction to start. Compare the activation energy with and without the enzyme.

Enzymes generally lower activation energy by reducing the energy needed for reactant to
come together and react. For example:

* Enzymes bring reactants together so they don’t have to expend energy moving about
until they collide at random. Enzymes bind both reactant molecules (called the
substrate), tightly and specifically, at a site on the enzyme molecule called the active
site.

e By binding reactants at the active site, enzymes also position reactants correctly, so they
do not have to overcome intermolecular forces that would otherwise push them apart.
This allows the molecules to interact with less energy.

* Enzymes may also allow reactions to occur by different pathways that have lower
activation energy.
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DID YOU KNOW?

b Enzymes are crucial to metabolic reactions. Almost all metabolic
reactions are catalyzed by enzymes and it is estimated to be

around 75,000 different enzymes in the human body.

The active site is specific for the reactants of the biochemical reaction the enzyme
catalyzes. Similar to puzzle pieces fitting together, the active site can only bind certain
substrates.
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active site of enzyme complex

The activities of enzymes also depend on the surrounding conditions such as the
temperature and the pH. For example, some enzymes work best at acidic pHs, while others
work best in neutral environments.

e Digestive enzymes secreted in the acidic environment (low pH) of the stomach help
break down proteins into smaller molecules. The main digestive enzyme in the stomach
is pepsin, which works best at a pH of about 1.5. These enzymes would not work
optimally at other pHs. Trypsin is another enzyme in the digestive system, which breaks
protein chains in food into smaller parts. Trypsin works in the small intestine, which is not
an acidic environment. Trypsin's optimum pH is about 8.

e Biochemical reactions are optimal at physiological temperatures. For example, most
biochemical reactions work best at the normal body temperature of 98.6°F. Many
enzymes lose function at lower and higher temperatures compared to their optimum
temperature. At higher temperatures, an enzyme’s shape deteriorates, also known as
denaturing. Only when the temperature comes back to normal does the enzyme regain
its shape and normal activity.
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Explore the effect of pH on the activity of the pepsin enzyme

Sub-optimal conditions of pH  Enzymes work best within Extreme high pH and

and temperature lowers the  specific pH and temperature temperatures denature the

enzyme activity. ranges. enzyme active site and make
it non-functional.

Digestion of protein Digestion of protein Digestion of protein
inte smaller peptides into smaller peptides inte smaller peptides
Polypeptide Polypeptide Polypeptide
Digestion of protein Digestion of protein Denatured enzyme cannaot
into smaller peptides into smaller peptides bind to the polypeptide
Polypeptide Polypaptide Polypeptide ‘
. Bensin ‘ | * Denatured
ps Pepsin Pepsin
pH range 4-5 1-3 >6
Temperature <25°C 30-40°C >45°C

Summary

e Enzymes work by lowering the activation energy needed to start biochemical reactions.

e The activities of enzymes depend on the temperature and the pH of the surroundings.

Review

1. How do enzymes speed up biochemical reactions?

2. Where is the active site located? Explain the role of the active site?
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3. Complete this sentence: The activities of enzymes depends on the and the
of the surroundings.

4. Distinguish between the conditions needed for the proper functioning of pepsin and
trypsin.

E Report Content Errors
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What you will learn

e The distribution of water on Earth

e The chemical structure and properties of water

e How water is important for all life processes

[Figure 1]

Dihydrogen oxide, or dihydrogen monoxide. Does this chemical sound dangerous?

Another name for this compound is...water. Water can create some absolutely beautiful
sights. Iguassu Falls is the largest series of waterfalls on the planet, located in Brazil,
Argentina, and Paraguay. And water is necessary for life. The importance of water to life
cannot be emphasized enough. All life needs water. Life started in water. Essentially,
without this simple three atom molecule, life would not exist.

Water

Water, like carbon, has a special role in living things. It is needed by all known forms of life.
Water is a simple molecule, containing just three atoms. Nonetheless, water’s structure
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gives it unique properties that help explain why it is vital to all living organism.
Water, Water Everywhere

Water is a common chemical substance on planet Earth. In fact, Earth is sometimes called
the "water planet" because almost 75% of its surface is covered with water. If you look at the
Figure below, you will see where Earth’s water is found. The term water generally refers to
its liquid state, and water is a liquid over a wide range of temperatures on Earth. However,
water also occurs on Earth as a solid (ice) and as a gas (water vapor).

Total water on Earth

—52% Lakes

—— 38% Soil moisture

8% Water vapor
—— 1% Rivers
1% Water in living things

>
Accessible freshwater - 1%

—— Groundwater - 29%
—— lce caps & glaciers - 70%

E— Fres;;:ater
97%
[Figure 2]

Most of the water on Earth consists of saltwater in the oceans. What percent of Earth’s water
is freshwater? Where is most of the freshwater found?

Structure and Properties of Water

No doubt, you are already aware of some of the properties of water. For example, you
probably know that water is tasteless and odorless. You also probably know that water is
transparent, which means that light can pass through it. This is important for organisms that
live in the water, because some of them need sunlight to make food.

Chemical Structure of Water
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To understand some of water’s properties, you need to know more about its chemical
structure. As shown in the Figure below, each molecule of water consists of one atom of
oxygen (red) and two atoms of hydrogen (white). The oxygen atom in a water molecule
attracts negatively-charged electrons more strongly than the hydrogen atoms do. As a
result, the oxygen atom has a slightly negative charge, and the hydrogen atoms have a
slightly positive charge. A difference in electrical charge between different parts of the
same molecule is called polarity, making water a polar molecule.

6_

o+ &6+

[Figure 3]

Opposites attract when it comes to charged molecules. In the case of water, the positive
(hydrogen) end of one water molecule is attracted to the negative (oxygen) end of a nearby
water molecule. Because of this attraction, weak bonds form between adjacent water
molecules. The type of bond that forms between molecules is called a hydrogen bond.
Bonds between molecules are not as strong as bonds within molecules. There are just many
more hydrogen bonds in water (between water molecules) than there are covalent bonds
within a molecule. The hydrogen bonds may not be strong, but in water they are strong
enough to hold together nearby molecules.

Because of its polarity, water readily dissolves many substances including ionic compounds

like table salt (NaCl). Water molecules stabilize the Na™ and CI ion that are formed after the
ionic bond between them breaks.
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Hydrogen bond

Properties of Water

Hydrogen bonds between water molecules explain some of water’s properties. For example,
hydrogen bonds explain why water molecules tend to stick together. This property is known
as cohesion. Have you ever watched water drip from a leaky faucet or from a melting icicle?
If you have, then you know that water always falls in drops rather than as separate
molecules.

Another important physical property of water is adhesion. In terms of water, adhesion is the
bonding of a water molecule to another substance, such as the sides of a leaf's vein. This
process happens because hydrogen bonds are special in that they break and reform with
great frequency. This constant rearranging of hydrogen bonds allows a percentage of all the
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molecules in a given sample to bond to another substance. This grip-like characteristic that
water molecules form causes capillary action, the ability of a liquid to flow against gravity in
a narrow space. An example of capillary action is when you place a straw into a glass of
water. The water seems to climb up the straw before you even place your mouth on the
straw.

Adhesion, cohesion and capillary action are necessary to the survival of most organisms. It is
the mechanism that is responsible for water transport in plants through roots and stem (see
Figure below), and in animal through small blood vessel.

L

Transpiration

Cohesion

Adhesion

[Figure 4]

Evaporation of water through transpiration causes the movement of water in plants.
Water moves up the stem by cohesion and adhesion.

Hydrogen bonds cause water to have a relatively high boiling point of 100°C (212°F).
Because of its high boiling point, most water on Earth is in a liquid state rather than in a
gaseous state. Water in its liquid state is needed by all living things. Hydrogen bonds also
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cause water to expand when it freezes. This, in turn, causes ice to have a lower density
(mass/volume) than liquid water. The lower density of ice means that it floats on water. For
example, in cold climates, ice floats on top of the water in lakes. This allows lake animals
such as fish to survive the winter by staying in the water under the ice.

Water and Life

The human body is about 70% water (not counting the water in body fat, which varies from
person to person). The body needs all this water to function normally. Just why is so much
water required by human beings and other organisms? Water can dissolve many substances
that organisms need, and it is necessary for many biochemical reaction. The examples
below are among the most important biochemical processes that occur in living things, but
they are just two of many ways that water is involved in biochemical reactions.

e Photosynthesis—In this process, cell use the energy in sunlight to change carbon dioxide
and water to glucose and oxygen. Water is a reactant in this process. The reactions of
photosynthesis can be represented by the chemical equation

6CO2 + 6H20 + Energy g C6H1206 + 602
e Cellular respiration—In this process, cells break down glucose in the presence of oxygen

and release carbon dioxide, water (a product), and energy. The reactions of cellular
respiration can be represented by the chemical equation

CgHipOg + 60, » 6CO, + 6H50 + Energy

Water is involved in many other biochemical reactions. As a result, just about all life
processes depend on water. Clearly, life as we know it could not exist without water.
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Summary

e Water is needed by all known forms of life.
e Due to the difference in the distribution of charge, water is a polar molecule.
e Hydrogen bonds hold adjacent water molecules together.

e Water has several important properties including cohesion, adhesion and a relatively high
boiling point.

e Water is involved in many biochemical reactions. As a result, just about all life processes

depend on water.

Review

1. Where is most of Earth’s water found?

2. What percent of Earth’s water is freshwater?

3. What is polarity? Describe the polarity of water.

4. How could you demonstrate to a child that solid water is less dense than liquid water?
5. Explain how water’s polarity is related to its boiling point.

6. Explain why metabolism in organisms depends on water.

EI Report Content Errors
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1.20 Acids and Bases
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What you will learn

* The properties of acids and bases

* How acids and bases are important in living organism

[Figure 1]

Acids and bases. Why are these important in biology?

It comes back to a number of biological processes. For example, enzyme work best at
specific levels of acids or bases. Take your stomach, a very acidic environment. The
enzymes that work in that environment could not work in your mouth. What would your food
taste like if your mouth was also a very acidic environment?

Acids and Bases

Water is the main ingredient of many solutions. A solution is a mixture of two or more
substances that has the same composition throughout. Some solutions are acids and some
are bases. To understand acids and bases, you need to know more about pure water. In pure
water (such as distilled water), a tiny fraction of water molecules naturally breaks down to
form ion. An ion is an electrically charged atom or molecule. The breakdown of water is
represented by the chemical equation
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2 Hy0 » H30" + OH"

The products of this reaction are a hydronium ion (H30") and a hydroxide ion (OH"). The
hydroxide ion, which has a negative charge, forms when a water molecule gives up a

positively charged hydrogen ion (H*). The hydronium ion, which has positive charge, forms
when another water molecule accepts the hydrogen ion.

Acidity and pH

The concentration of hydronium ions in a solution is known as acidity. In pure water, the
concentration of hydronium ions is very low; only about 1in 10 million water molecules
naturally breaks down to form a hydronium ion. As a result, pure water is essentially neutral.
Acidity is measured on a scale called pH, as shown in Figure below. Pure water has a pH of
7, so the point of neutrality on the pH scale is 7.
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[Figure 2]

é Drain cleaner

www.ck12.org

Acidity and the pH scale: Water has a pH of 7, so this is the point of neutrality on the pH
scale. Acids have a pH less than 7, and bases have a pH greater than 7. Approximate pH of

Acids

examples are shown.

If a solution has a higher concentration of hydronium ions than pure water, it has a pH lower
than 7. A solution with a pH lower than 7 is called an acid. As the hydronium ion
concentration increases, the pH value decreases. Therefore, the more acidic a solution is,
the lower its pH value is. Did you ever taste vinegar? Like other acids, it tastes sour. Stronger

acids can be harmful to organisms. For example, stomach acid would eat through the
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stomach if it were not lined with a layer of mucus. Strong acids can also damage materials,
even hard materials such as glass.

Bases

If a solution has a lower concentration of hydronium ions than pure water, it has a pH higher
than 7. A solution with a pH higher than 7 is called a base. Bases, such as baking soda, have
a bitter taste. Like strong acids, strong bases can harm organisms and damage materials. For
example, lye can burn the skin, and bleach can remove the color from clothing.

Check your understanding!
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PROGRESS

1.
Which of the following statement(s) about pH
of a solution is true?

SELECT ALL THAT APPLY

a PpH represents the acidity of a solution.

b pH scale is a 14 point scale.

pH values are based on the hydroxide ion
concentration.

Check It

Q Hint

https://www.ck12.org/assessment/ui/embed.html?test/view/611607f665749a6400513e5e&

Acids and Bases in Organisms

Acids and bases are important in living things because most enzymes can do their job only
at a certain level of acidity. cell secrete acids and bases to maintain the proper pH for
enzymes to work. For example, every time you digest food, acids and bases are at work in
your digestive system. Consider the acidic environment of the stomach. The acidic
environment helps with the digestion of food. The enzyme pepsin, which helps break down
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protein in the stomach can only function optimally in the low pH environment. The stomach
secretes a strong acid that allows pepsin to work, and the stomach to do its job. However,
when stomach contents enter the small intestine, the acid must be neutralized. This is
because enzymes in the small intestine need a basic environment in order to work. An
organ called the pancreas secretes a strong base into the small intestine, and this base
neutralizes the acid.

https://flexbooks.ckl12.org/fix/render/embeddedobject/309363

DID YOU KNOW?

b A bee sting is made up of various components that make the bee

venom slightly acidic in nature with a pH between 5 to 5.5.

Summary

e A solution is a mixture of two or more substances that has the same composition
throughout. Some solutions are acids, some are bases.

e Pure water has a pH of 7, so the point of neutrality on the pH scale is 7.

e Acids have a higher concentration of hydronium ions than pure water, and a pH lower
than 7.
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* Bases have a lower concentration of hydronium ions than pure water, and a pH higher
than 7.

e Acids and bases are important in living organisms because most enzymes function best
at a specific pH.

Review

1. What is the pH of a neutral solution?
2. Distinguish between an acid and a base.
3. Describe an example of an acid or a base that is involved in human digestion.

4. Assume that you test an unknown solution and find that it has a pH of 7.2. What type of
solution is it? How do you know?

5. Are the following acids or bases?

a. milk
b. coffee

C. soap

E Report Content Errors
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2.1 Parts of the Cell

FlexBooks 2.0 > Biology For High School Diploma > Parts of the Cell

Last Modified: Jan 18, 2022

What you will learn

How and when cell were discovered

The cell theory

How diverse are cells

What parts are common among all living cells

[Figure 1]

What do a bacterial cell and one of your cells have in common?

There are many different types of cells, but they all have certain parts in common. As this
image of human blood shows, cells come in different shapes and sizes. The shapes and
sizes directly influence the function of the cell. Yet, all cells - cells from the smallest
bacterium to those in the largest whale - do some similar functions, so they do have parts in
common.
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Common Parts of Cells

Discovery of Cells

The first time the word cell was used to refer to these tiny units of life was in 1665 by a
British scientist named Robert Hooke. Hooke was one of the earliest scientists to study
living things under a microscope. The microscopes of his day were not very strong, but
Hooke was still able to make an important discovery. When he looked at a thin slice of cork
under his microscope, he was surprised to see what looked like a honeycomb, made up of
many tiny units, which Hooke called cells.

[Figure 2]

[llustration of cork cells. What type of material is cork? Do you know where cork comes
from?

Soon after Robert Hooke discovered cells in cork, Anton van Leeuwenhoek in Holland made
other important discoveries using a microscope. Leeuwenhoek made his own microscope
lenses, and he was so good at it that his microscope was more powerful than other
microscopes of his day. In fact, Leeuwenhoek’s microscope was almost as strong as modern
light microscopes.

Using his microscope, Leeuwenhoek discovered tiny animal such as rotifers. Leeuwenhoek
also discovered human blood cells. He even scraped plaque from his own teeth and
observed it under the microscope. What do you think Leeuwenhoek saw in the plaque? He
saw tiny living things with a single cell that he named animalcules (“tiny animals”). Today,
we call Leeuwenhoek’s animalcules bacteria.
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The Cell Theory

The cell theory is one of the fundamental theory of biology. For two centuries after the
discovery of the microscope by Robert Hooke and Anton van Leeuwenhoek, biologists

found cells everywhere. Biologists in the early part of the 1oth century suggested that all
living things were made of cells, but the role of cells as the primary building block of life was
not discovered until 1839 when two German scientists, Theodor Schwann, a zoologist
(studies animals), and Matthias Jakob Schleiden, a botanist (studies plants), suggested that
cells were the basic unit of structure and function of all life. Later, in 1858, the German
doctor Rudolf Virchow observed that cells divide to produce more cells. He proposed that

all cells arise only from other cells. The collective observation of all three scientists form the
cell theory, which states that:

¢ all organism are made up of one or more cells,
¢ all the life functions of an organism occur within cells,

¢ all cells come from preexisting cells.

Cell Diversity

Cells with different functions often have different shapes. The cells pictured in the Figure
below are just a few examples o