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Basic Biological Principles
Module A Anchor 1

Key Coneepts:
- Living things are made of units called cells, are based on a universal genetic code, obtain
and use materials and energy, grow and develop, reproduce, respond to their
environment, maintain a stable internal environment, and change over time.

- Prokaryotic cells do not separate their genetic material within a nucleus. In eukaryotic
cells, the nucleus separates the genetic material from the rest of the cell.

- The cells of multicellular organisms become specialized for particular tasks and
communicate with one another. '

Vocabulary:
Homeostasis : Evolution Asexual reproduction
Eukaryote Nucleus Sexual reproduction
Cell membrane DNA Membrane-bound organelles

Cell ' _ Prokaryote Cell specialization
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Basic Biological Principles
Module A Anchor 1
Characteristics of Life:
1. List the characteristics of life common to all living things.
Living things are made of cells, are based on a universal genetic code, obtain and use materials
and energy, grow and develop, reproduce, respond to their environment, maintain a stable
internal environment, and change over time.

2. If an organism lacks any of these characteristics, is it considered living? Why or why not?
No — nonliving things can contain some of the characteristics of life. For example, a chemical
can react to the environment.

3. Which of the following characteristics of living things explains why birds {ly south for the
winter?
A. Living things respond 1o their environment

4. Which characteristic(s) of living things is more important to the survival of the species as a
whole, rather than the individual organism? Why?

Reproduction — ensures the continuation of the species, but has no direct benefil to the organism
Change over time — refers to evolution, which occurs to species and not to individual organisms.
Individual organisms survive or do not survive, altering the species as a whole and allowing it to
confinue existing. -

Prokaryotes vs. Eukaryotes:

1. Compare and contrast prokaryotes and-éukaryotes in terms of structures; list specific
organelles which are present in each, as well as other structural similarities and differences.
Prokaryotes — No nucleus, no membrane-bound organelles, unicellular

Eukaryotes — contain genetic material within nucleus, contain membrane-bound organelles, can
be unicellular or multicellular

Both — contain cell-membrane, cell wall, ribosomes, contain genetic material

2. Compare and contrast prokaryotes and eukaryotes in terms of genetic material.
Prokaryotes do not contain their genetic material within a nucleus. Contain circular pieces of
DNA concentrated within a nucleoid. Some contain plasmids, which can be shared with other

prokaryotes.
Eukaryotes contain their genetic material in chromosomes within a nucleus.

3. How are the similarities and differences between prokaryotic and eukaryotic cells dependent
on their size? :

Prokaryotic cells are smaller, therefore have a more favorable surface-area to volume ratio.
This makes transport of materials into and out of the cell much easier. Prokaryotes are
therefore able to lack membrane-bound organelles and have less complex internal structure.
Eukaryotes are generally larger than prokaryotes, and have a less favorable surface-area to




volume ratio. This makes transport more complicated, requiring them 1o contain a larger variety
of organelles.

4. How do the structures of prokaryotic and eukaryotic cells influence their functions?
Prokaryoles contain everything necessary to carry out life processes; however, they do lack the
complex internal structure of eukaryotes. The more complex internal structure of eukaryotes
allows them to perform a larger array of functions, including those requiring multicellularity.

5. Not all cells are alike. Which of the following is NOT a true statement about differences
between cells?
D. Most cells have a membrane, but some do not

Levels of Organization:

1. Describe the relationship between organelles, cells, tissues, organs, and organ systems.
Groups of a variety of organelles make up cells. Groups of the same cell type make up tissues.
Groups of multiple tissues make up organs. Groups of organs with the same overall purpose
working together make up organ systems.

2. Cells in multiceltular organisms have many sizes and shapes. These differences are referred
to as cell specialization. Cell specialization allows cells to:
B. Perform different functions

3. The cells of unicellular organisms are:
C. Able to perform all the functions necessary for life

4. Give an example of changes that take place as cellsina multicellular organism differentiate.
Organisms originally begin as undifferentiated stem cells. These stem cells are capable of
differentiating into any cell type. A mumber of factors influence the type of cell into which a stem
cell differentiates. These factors are not all fully undersiood. Once a cell reaches its final
differentiated state, it can no longer naturally change.

5. Explain the relationship between cell specialization, multicellular organisms, and
honieostasis. - -

Multicellular organisms are large and complex; therefore, they require more complicated
systems in order to maintain homeostasis. Multicellular organisms accomplish this by
designating particular functions to particular cells. This allows different cells to work together
to maintain homeostasis within a layger organism.

6. How are unicellular and multicellular organisms alike? How are they different?
Alike — both are able to perform all of the functions necessary for life. Both can performa large
array of functions.

Different — the cell of a unicellular organism is capable of performing all its necessary functions.
A muliicellular organism, due to its large size and complex structure, differentiates different
cells for different functions. :
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The properties
of water

Like all matter, water is made
up of atoms. Atoms attach
together, or bond, to form
molecules. Two hydrogen atoms
bonded to an oxygen atom form
a water molecule. Water has
several properties that make it a very unique substance.

Polarity

When electrons are not shared equally in a covalent bond, the molecule is described as
polar. Water molecules are ploar. This means that while water molecules are neutral as
a whole, one end of the water molecule tends to have a positive charge while the o -
has a negative charge. The oxygen end has a slight negative charge while the hydr. .
end has a slight positive charge. Each end of a water molecule is attracted to the
opposite charged end of another water molecule. Water's polarity is responsible for
the "stickiness" or cohesion between the molecules.

Capillary Action

Cohesion of water causes capillary attraction, which is the ability of water to move
upward in small spaces. Cohesion makes it possible for water to move up the fibers of a
plant. This is how plants get the water they need to survive. In addition, it moves water
upwards in soil. Cohesion of water also causes surface tension, water's invisible skin
which allows water striders to walk on water

Surface Tension

Water is considered the "universal solvent” because its bipolar molecule enables it to
dissolve a wide variety of substances. Solubility is affected by polarity. Polar
substances can dissolve other polar substances. Non-polar substances dissolve other
non-polar substances. Polar substances and non-polar substances, however, do hot mix.

Density

Another property of water is density during phase changes. The density of most
substances increases when a liquid becomes a solid. Solid water is actually lessde
than liquid water. It is for this reason that ice floats. Can you imagine a world whe, _
ice sank? Lakes would freeze from the bottom up, killing many fish. Frozen water in
the polar regions would sink and change the ocean levels. The fact that ice floats is
essential for the survival of many aquatic ecosystems and ultimately life on Earth,

Lo/ fwatereducation.atah ooviwaterscience/Properties/defuult asp 12




Chemical Basis of Life
Module A Anchor 2

Key Concepts:
- Water is a polar molecule. Therefore, it is able to form multiple hydrogen bonds, which
account for many of its special properties.
- Water’s polarity gives it the ability to dissolve both ionic compounds and other polar

A molecules.
[,} (o Vﬁ"ﬁ.- Carbon can bond with many elements, including hydrogen, oxygen, phosphorus, sulfur,
5 . and nitrogen to form the molecules of life.
@‘D " - The function of macromolecules is directly related to their chemical structure.

- Living things use carbohydrates as their main source of energy. Plants, some animals,
and other organisms also use carbohydrates for structural purposes.

- Lipids can be used to store energy. Some lipids are important parts of biotogical
membranes and waterproof coverings.

- Nucleic acids store and transmit hereditary, or genetic, information.

- Seme proteins control the rate of reactions and regulate cell processes. Some proteins
build tissues such as bone and muscle. Others transport materials or help fight disease.

- Chemical reactions always involve changes in the chemical bonds that join atoms in
compounds.

- Chemical reactions that release energy often occur spontaneously. Chemical reactions
that absorb energy will not occur without a source of energy.

- - Enzymes speed up chemical reactions that take place in cells. This function is directly
related to their structure, with each enzyme being specifically shaped to catalyze one
particular reaction. Loss of structure causes loss of function.

- Temperature, pH, and regulatory molecules can affect the activity of enzymes.

. &iﬁ Vocabulary: A,
Hydrogen bond solution pl scale w

=

7

WJ/ @_@D polarity freezing point monomer

Lo Heat of vaporization polymer nucleic acid nucleotide
Carbohydrate monosaccharide polysaccharide lipid
Triglyceride phospholipid steroid wax
Fatty acid ‘ protein amino acid primary structure
Secondary structure tertiary structure quaternary structure chemical reaction
Enzyme catalyst activation energy active site

Substrate product reactant
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Chemical Basis of Life
Module A Anchor 2

Properties of Water:

1. Describe the following properties of water and explain how each is important to living things:

cohesion, adhesion, polarity, heat of vaporization, freezing point.

Cohesion -~ attraction between molecules of the same substance, water bonds 1o waler

Adhesion — atiraction between molecules of different substances, water bonds 1o another
Molecule

Cohesion and adhesion help life in a variety of ways: they aid in the transport of liquids in

plants, provide surface tension for aquatic organisms, eic.

Polarity — Polar molecules have ends with opposite charges. The oxygen atom of a water
molecule more strongly atiracts the electrons involved in the covalent bonds between
oxygen and hydrogen. This gives the oxygen a slight negative charge and the hydrogen a
slight positive charge. The polar nature of water makes it the universal solvent.

Heai of vaporization — it takes a large amount of energy o change the state of water. This
benefits aquatic organisms, as bodies of water maintain fairly stable temperature
conditions.

2. How is polarity related to cohesion and adhesion?

The attraction between molecules that causes cohesion and adhesion is the result of polarity.
Polarity creates molecules with charged ends. Opposite charges attract, causing cohesion and
adhesion.

3. Compared to most other substances, a great deal of heat is needed to raise the temperature of
water by a given amount. This is because water
C. has a high heat capacity

4. Frozen water is less dense than liquid water. Explain why this is important for aquatic
organisms.

Frozen water floats, create a buffer for aquatic organisms in winter. This buffer prevents the
entire body of water from freezing and killing the organisms within {t.
Macromolecules: ‘

1 How is the structure of carbon related to its function in macromolecules? Think about the
types of shapes carbon can form and why. ,

Carbon atoms have four valance electrons. This allows them 1o form strong covalent bonds with
a number of elements. Carbon can also bond with itself, allowing it to form long chains or rings
of carbon atoms.

2. Describe the processes of hydrolysis and dehydration synthesis. How are they related to each
other? ' _

Hydrolysis — molecules are broken into smaller pieces. Water is added.

Dehydration synthesis — oxygen and hydrogen are removed from two molecules, opening up
bonding sites where they can join. The oxygen and fiydrogen are Joined to form waler.

They are opposile processes. '



3. List and draw the monomer and polymer units of each macromolecule along with their
function in living things: carbohydrates, proteins, nucleic acids.

Carbohydrate — monomer: monosaccharide polymer: polysaccharide
function: energy and structiire '

Protein — monomer: amino acid polymer: polypeptide
function — highly varied

Nucleic acid — monomer : nucleotide polymer: nucleic acid
function: store and transmil hereditary information

5. List and draw the types of lipids, along with the subunits and uses of each.

Phospholipid — consists of faity acid, phosphate group, glycerol, used in cell membranes
Wax — subunits are alcohol and fatty acids, used in structure and water-proofing
Steroid — carbon-ring structure, used as chemical messenger

Triglyceride — subunits are glycerol and three faity acids, used for energy storage

6. Why are carbohydré,tes, proteins, and nucleic acids considered polymers, while lipids are not?

Carbohydrates, proteins, and rucleic acids are all composed of one repeating subunit. Lipids

have a variety of subunits, and are grouped only by their shared nonpolar nature.

7. How is the structure of each of the four macromolecules related to its function in living
things?
Carbohydrate — Energy is stored in bonds. Carbohydrates contain large numbers of bonds.

Nucleic acid — Nucleic acids are well-suited 10 store information in the repeating sequences of
their base pairs. They are also structured to split and replicate easily, allowing the
genetic information 1o be easily passed on 1o offspring.

Protein — Proteins have 20 different amino acids, which can be arranged in any order. Proteins
also have four levels of structure: primary, secondary, tertiary, and quaternary. An
alteration in any of these levels alters the function of the protein. This allows for a large
variety of function.

Lipid — Lipids are nonpolar, allowing them to function in cell membranes and walterproofing.
Triglycerides contain large numbers of bonds, making them ideal for energy storage.

8 How does the structure of a protein make it capable of such a large range of function?
Proteins have 20 different amino acids, which can be arranged in any order. Proteins
also have four levels of structure: primary, secondary, tertiary, and quaternary. An
alteration in any of these levels alters the function of the protein. This allows for a large
variety of function.




Enzymes:
1. What occurs during a chemical reaction?
Bonds are broken and reformed; atoms are rearranged.

2 What is the difference between a product and a reactant?
Reactants go in 1o a chemical reaction; products are formed by a chemical reaction.

3. Energy is used differently in different types of chemical reactions. Explain how energy use
differs in energy-releasing and energy-absorbing reactions. Which type often requires a catalyst?
Energy-releasing reactions produce more energy than they require to start, therefore they
generally occur spontaneously

Energy-absorbing reactions require more energy fo siart than they produce, often requiring
large amounts of activation energy. This often necessitates a catalyst.

How is energy related to the products and reactants of a chemical reaction?
Energy is required to break apart the reactants and to form the products.

4. What is the role of an enzyme in living organisms?
Enzymes act as biological catalysts.

5. In what way do enzymes increase the rate of reactions? How do enzymes accomplish this
task?

Enzymes provide a location for the reaction to occur. They lower the activation energy needed
1o start the reaction, allowing it to occur more quickly.

6. Describe the cycle in which enzymes and substrate interact.

Substrate bonds to the active site of the enzyme. The reaction 0CCUFs, Converting
substrate/reactant into product. The product is then released. The active site of the enzyme is
left unchanged. This allows the enzyme to continuously catalyze reactions.

7. How/Why is the structure of an enzyme $0 important to its function in living things? Why
does-the structure of an enzyme determine the type of reaction it will catalyze?

The active site-of an enzyme is specifically shaped to hold only one specific set of substrates.
Enzymes are therefore substraie specific, meaning they will only catalyze one type of reaction. If
the active site of an enzyme is not designed for a particular substrale, it will not catalyze that
reaction.

8. What happens to enzyme function when the temperature or pH conditions change? Why?
Changes in temperature or pH can cause denaturation of the enzyme, changing the shape of the
active site and destroying the function.

9. The energy needed to get a reaction started is the:
B. activation energy






Homeostasis and Transport
Module A Anchor 4

Key Concepts: -

Buffers play an important role in maintaining homeostasis in organisms.

To maintain homeostasis, unicellular organisms grow, respond to the environment,
transform energy, and reproduce.

The cells of multicellular organisms become specialized for particular tasks and
communicate with one another to maintain homeostasis.

All body systems work together to maintain homeostasis.

Passive transport (including diffusion and osmosis) is the movement of materials across
the cell membrane without cellular energy.

The movement of materials against a concentration differences is known as active
transport. Active transport requires energy.

The structure of the cell membrane allows it to regulate movement of materials into and
out of the cell. The structure also determines how materials move through the cell
membrane.

Vocabulary:

Buffer homeostasis diffusion ' isotonic

Hypertonic ' hypotonic facilitated diffusion OSIMOSIS
Endocytosis exocytosis Concentration gradient feedback mechanism
Plasma membrane  channel proteins feedback inhibition solute

Fluid mosaic model equilibrinm muiticellular unicellular
Endoplasmic reticulum Golgi apparatus vesicle

vacuole






Homeostasis and Transport
Module A Anchor 4

Plasma Memnbrane and Organelles:

1. What is the phospholipid bilayer? How does the structure of 2 phospholipid relate to its
function in plasma membranes?

The phospholipid bilayer is a double layer of lipids which form into membranes. Phospholipids
have a polar head and a nonpolar tail. The watery environment outside of cells causes the Iails
fo turn in towards each other, forming a double layer.

2. What is the fluid mosaic model?

A mosaic is a piece of art comprised of many small tiles pieced together. A cell membrane is
comprised of many smaller parts pieced together. It is fluid in that the pieces are not fixed, and
can move around within the membrane.

3. What are the basic parts of the fluid mosaic model of the plasma membrane? Describe each
in terms of structure and function.

Phospholipid bilayer — forms a barrier around the cell, controls movement into the cell
Carbohydrate markers — serve as chemical identifiers

Channels and pumps — function in transport of materials inio and out of the cell

4. What is the function of the plasma membrane?
Controls the flow of substances into and out of the cell

5 The cell membrane contains channels and pumps which help in transport. What are these
materials made of?

C. Protein

6. Explain how each of the following organelles is involved in cell transport:
Vacuoles and vesicles — store materials for transport

Goléi apparatus - modifies, stores, and packages molecules Jor storage or transport
Endoplasmic reticulum — assembles proteins and lipids

Cytoskeleton — iransport

7. Explain the relationship between the endoplasmic reticulum and Golgi apparatus in terms of
cell transport.

The ER makes the proteins and lipids, the Golgi modifies and stores them

Transport Mechanisms:

1. How do passive and active transport differ?
Active requires energy, passive does not.



2. List and describe the types of passive transport.

Diffusion — substances move from high to low concentration, passing direcily through the
membrane unassisted

Facilitated diffusion — substances move from high to low concentration, but cannot pass
Directly through the membrane, instead passing through protein channels

Osmosis — facilitated diffusion of water

3. Why do some molecules require the use of protein channels, as in facilitated diffusion?
Charged or large molecules do not dissolve well in the lipid interior of the phospholipid
membrane. They therefore require the use of protein channels.

4. Diffusion occurs because:
B. molecules constantly move and collide into one another

5. During diffusion, when the concentration of molecules on both sides of the membrane is

equal, molecules will:
C. continue io move across the membrane in both directions

6. Explain equilibrium.
In equilibrium, the concentration of solute:solvent is equal on both sides of the membrane.
Molecules continue to move back and forth across the membrane in equal quantilies.

7. What is the relationship between diffusion and osmosis?
Osmosis is a type of diffusion, specifically the facilitated diffusion of water.

8. Compare and contrast hypertonic, hypotonic, and isotonic solutions.

Hypertonic solutions have a greater solute concentration than the cell, causing water to move
out of the cell

Hypotonic solutions have a lower conceniration of solution than the cell, causing water to move
in to the cell :

Isotonic solutions have an equal concentration of solute inside and outside the cell, causing no
net gain or loss of water

9. Explain, in terms of osmosis, why a raisin placed in a cup of pure water overnight will puff

up.
The water is hypotonic to the raisin, causing water to move into the raisin.

10. Two solutions are piaced on either side of a selectively permeable membrane. The
membrane is permeable to solute. There is a higher concentration of solute particles on the Jeft
side of the membrane. In which direction will the solute particles move? Why?

The molecules will move to the right side until equilibrium is reached, then continue to move
back and forth with no net change in concentration. This will occur because the membrane is
soluble to solute, which will move from high to low concentration.




I1. List and describe the types of active transport.
Molecular transport — small molecules move against the concentration gradient through pumps
in the cell membrane

Bulk transport - exo- and endocytosis, large materials are moved in OF out of the cell vig
vesicles.

12. Compare and contrast endocytosis and exocytosis.
In both instances, the item 1o be lransported is in a vacuole which Juses with the cell membrane.
nexocylosis, substances are moving out. In endocytosis, substances are moving in,

13. How do active transport and facilitated diffusion differ?

Both require protein channels or pumps. However, fucilitated diffusion stil] moves substances
Jrom high to low concentration and does not require energy. Active transport moves Jrom low o
high concentration, requiring energy. -

Homeostasis:
1. Which of the following activities is NOT way for unicellular organisms to maintain
homeostasis?

C. cell specialization

2. Explain the relationship between multicellular organisms, cell specialization, and
homeostasis,

Multicellular organisms are large and complex; therefore, they require more complicated
systems in order to maintain homeostasis. Multicellular organisms accomplish this by
designating particulay Junctions to particular cells. This allows different cells to work fogether
fo maintain homeosiasis within q larger organism.

3. What do unicellular organisms do to maintain homeostasis?
Grow, respond to the environment, transform energy, and reproduce.

4. The contractile vacuole is an organelle found in paramecia, a group of single-celled
organisms. Contractile vacuoles pump out fresh water that accumulates in the organisms by

5. How do buffers help an organism to maintain homeostasis?
Prevent rapid changes in pH.

6. In what way are the characteristics of living things related to homeostasis?
Obtain and use materials:
Obiain materials necessary for life processes



Obtain and use energy:
Energy is required for all cell activities

Grow and develop:
Can develop such things as multicellularity

Reproduce:
Reduces size in unicellular organisms

Respond to environment:
Can obtain needed materials or move from those which threaten 1o destabilize their internal

conditions

7. What is a feedback mechanism/feedback inhibition? What is the role of a feedback
mechanism in maintaining homeostasis?

Process in which a stimulus produces a response that opposes the original stimulus. The
Jeedback mechanism corrects the issue which destabilized the internal environment of the
organism.

8. Briefly explain how animal body systems work together to maintaia homeostasis.

Nervous system — recognizes and coordinates the body’s responses to changes in internal and
external environments

Integumentary system - regulates temperalure

TImmune/lymphatic system — protects body from disease, maintains fluid balance in circulaiory
system

Muscular system — moves blood and food

Circulatory system — transports oxygen, nutrients, and hormones to cells, removes wastes, fights
infection, helps regulate temperature :

Respiratory system — brings in oxygen and removes excess carbon dioxide

Digestive system — breaks down food, absorbs nutrients, eliminates wastes

Endocrine system — controls growth, development, and metabolism; maintains homeostasis




