Name: _____________________

AP Biology Study Guide
Chapter 2: The Chemical Context of Life
2.1 Matter consists of chemical elements in pure form and in combinations called compounds
Elements and Compounds
1. Define and give an example of the following terms:
matter
element
compound
2. What four elements make up 96% of all living matter?
3. What is the difference between an essential element and a trace element?
essential element
trace element
4. Below are two models of an atom of helium, showing the electrons, protons, neutrons, and atomic
nucleus. Label the diagrams below and define the terms that you label. Determine which is an electron
cloud model and which is the Bohr energy level model.

5. What is the atomic number of helium? _________ Its atomic mass? ________
6. Here are some more terms that you should firmly grasp. Define each term.
neutron
proton
electron
atomic number
Interactive Question:

The difference between the mass number and the atomic number of an atom is equal to the number of
_____________. An atom of phosphorus
, contains ____ protons, ____ electrons, and ____ neutrons.
The atomic mass of phosphorus is approximately ____.
7. What is the difference between the terms atomic mass and atomic weight?
8. What is an isotope, and what is “special” (useful) about radioactive isotopes?

Consider this entry in the periodic table for carbon.

6

C
12

9.

What is the atomic mass? atomic number?

10. How many electrons does carbon have? neutrons?
*11. Which is the only subatomic particle that is directly involved in the chemical reactions between atoms?
12.

Explain which has more potential energy in each pair:
a. boy at the top of a slide/boy at the bottom
b. electron in the first energy shell/electron in the third energy shell
c. water/glucose

*13. What determines the chemical behavior of an atom?
14.

Here is an electron distribution diagram for sodium:
a. How many valence electrons does it have? ______ Circle the valence electron(s).
b. How many protons does it have? ______

Concept 2.3 The formation and function of molecules depend on chemical bonding between atoms
15.

Define molecule.

16.

Now, refer back to your definition of a compound and fill in the following chart:

17. What type of bond is seen in O2?
Explain what this means.
18. What is meant by electronegativity?
19. How do ionic bonds compare with covalent bonds?
20. Explain the difference between a nonpolar covalent bond and a polar covalent bond.

21. Make an electron distribution diagram of water.

Which element is most electronegative? Why is water considered a polar molecule? Label the regions that
are more positive or more negative. (This is a very important concept. Spend some time with this one!)

22. Another bond type is the ionic bond. Explain what is happening in the figure below:

23. What two elements are involved above?
24. Define anion and cation.
In the preceding example, which is the anion?
25. What is a hydrogen bond? Indicate where the hydrogen bond occurs in this figure.
26. What is the difference between a structural and molecular formula?

27. Based on the reading, what is an example, in a living system, of how
molecular shape is critical?

MULTIPLE CHOICE: Choose the one best answer.
1.
Each element has its own characteristic atom in which
a. the atomic mass is constant.
b. the atomic number is constant.
c. the mass number is constant.
d. two of the above are correct.
e. all of the above are correct.
2.

Radioactive isotopes can be used in studies of metabolic pathways because
a. their half -life allows a researcher to time an experiment.
b. they are more reactive.
c. the cell does not recognize the extra protons in the nucleus, so isotopes are readily used
in metabolism.
d. their location or quantity can be experimentally determined because of their radioactivity.
e. their extra neutrons produce different colors that can be traced through the body.

3.

In a reaction in chemical equilibrium,
a. the forward and reverse reactions are occurring at the same rate.
b. the reactants and products are in equal concentration.
c. the forward reaction has gone further than the reverse reaction.
d. there are equal numbers of atoms on both sides of the equation.
e. a, b, and d are correct.

4.

Oxygen has eight electrons. You would expect the arrangement of these electrons to be
a. eight in the second electron shell, creating an inert element.
b. two in the first electron shell and six in the second, creating a valence of six.
c. two in the ls orbital and two each in the three 2p orbitals, creating a valence of two.
d. two in the ls orbital, one each in the 2sand three 2p orbitals, and two in the 3s orbital, creating a
valence of two.
e. two in the ls orbital, two in both the 2s and 2px orbitals, and one each in the 2py and 2pz orbitals,
creating a valence of two.

5.

A covalent bond between two atoms is likely to be polar if
a. one of the atoms is much more electronegative than the other.
b. the two atoms are equally electronegative.
c. the two atoms are of the same element.
d. the bond is part of a tetrahedrally-shaped molecule.
e. one atom is an anion.

6.

A triple covalent bond would
a. be very polar.
b. involve the bonding of three atoms.
c. involve the bonding of six atoms.
d. produce a triangularly shaped molecule.
e. involve the sharing of six electrons.

7.

A cation
a. has gained an electron.
b. can easily form hydrogen bonds.
c. is more likely to form in an atom with seven electrons in its valence shell.
d. has a positive charge.
e. Both c and d are correct.

8.

What types of bonds are identified in the following illustration of a water molecule interacting
with an ammonia molecule?
a. Bond 1 is polar covalent bonds, bond 2 is an ionic
bond and bond 3 is a nonpolar covalent bond.
b. Bonds 1 and 3 are polar covalent bonds, and bond 2 is a
hydrogen bond.
c. Bonds 1 and 3 are polar covalent bonds, and bond 2 is an
ionic bond.
d. Bonds 1and 3 are nonpolar covalent bonds, and bond 2 is
a hydrogen bond.
e. Bonds 1 and 3 are polar covalent bond s, and bond 2
is a nonpolar covalent bond.

9.

Which of the following weak bonds may form between any
closely aligned molecules?
a. nonpolar covalent
b. polar covalent
c. ionic
d. hydrogen
e. van der Waals interactions

10.

The ability of morphine to mimic the effects of the body's endorphins is due to
a. a chemical equilibrium developing between morphine and endorphins.
b. the one-way conversion of morphine into endorphin.
c. molecular shape similarities that allow morphine to bind to endorphin receptors.
d. the similarities between morphine and heroin.
e. hydrogen bonding and other weak bonds forming between morphine and endorphins.

Use this information to answer questions 11 through 16.
The six elements most common in living organisms are:

11.

How many electrons does phosphorus have in its valence shell?
a. 3
b. 5
c. 7
d. 15
e. 16

12.

What is the atomic mass of phosphorus?
a. 15
b. 16
c. 31

d. 46

e. 62

13.

A radioactive isotope of carbon has the mass number of 14. How many neutrons does this isotope
have?
a. 2
b.6
c. 8
d. 12
e. 14

14.

How many covalent bonds is a sulfur a tom most likely to form?
a. 1
b. 2
c. 3
d. 4
e. 5

15.

Based on electron configuration, which of these elements would have chemical behavior most like
that of oxygen?
a. C
b. H
c. N
d. P
e. S

16.

How many of these elements are found next to each other (side by side) on the periodic table?
a. one group of two
b. two groups of two
c. one group of two and one group of three
d. one group of three
e. all of them

17.

Taking into account the bonding capacities or valences of carbon (C) and oxygen (0), how many
hydrogen (H) must be added to complete the structural diagram of this molecule?

a. 9

b. 10

c. 11

d. 12

e. 13

18.

A sodium ion (Na+) contains 10 electrons, 11 protons, and 12 neutrons. What is the atomic number
of sodium?
a. 10
b. 11
c. 12
d. 23
e. 33

19.

What type of bond would you expect potassium
to form?
a. ionic; it would donate one electron and carry a positive charge
b. ionic; it would donate one electron and carry a negative charge
c. covalent; it would share one electron and make one covalent bond
d. covalent; it would share two electrons and form two bonds
e. none; potassium is an inert element

20.

What is the molecular shape of methane (C)?
a. planar or flat, with the H arranged around the C
b. pentagonal, or a flat five-sided arrangement
c. tetrahedral, due to the hybridization of the s and three p orbits of the C
d. circular, with the four H attached in a ring around the C
e. linear, since all the bonds are nonpolar covalent

21.

Which of the following is a molecule capable of forming hydrogen bonds?
a. CH4
b. H20
c. NaCl
d. H2
e. a, b, and d can form hydrogen bonds.

22.

Chlorine has an atomic number of 17 and a mass number of 35. How many electrons would a chloride
ion have?
a. 16
b. 17
c. 18
d. 33
e. 34

23.

What is the difference between a molecule and a compound?
a. There is no difference; the terms are inter- changeable.
b. Molecules contain atoms of a single element, whereas compounds contain two or more elements.
c. A molecule consists of two or more covalently bonded atoms; a compound contains two or more
atoms held by ionic bonds.
d. A compound consists of two or more elements in a fixed ratio; a molecule has two or more
covalently bonded atoms of the same or different elements.
e. C ompounds always consist of molecules, but molecules are not always compounds.

24.

Which of the following atomic numbers would de- scribe the element that is least reactive?
a. 1
b. 8
c. 12
d. 16
e. 18

25.

What coefficients must be placed in the blanks to balance this chemical reaction?

a. 5;5;5
b. 6; 5;6
c. 6; 6; 6
d. 8;4; 6
e. 8;5;6
Name _________________
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Chapter 3: Water and the Fitness of the Environment
Concept 3.1 The polarity of water molecules results in hydrogen bonding
1.
Study the water molecules at the right. On the
central molecule, label oxygen (O) and hydrogen (H).
2.
What is a polar molecule?
Why is water considered polar?
3.
4.

Now, add + and – signs to indicate the charged regions of
each molecule. Then, indicate the hydrogen bonds.
Explain hydrogen bonding.
How many hydrogen bonds can a single water molecule form?

Concept 3.2 Four emergent properties of water contribute to Earth’s fitness for life
Hydrogen bonding accounts for the unique properties of water. Let’s look at several.
Cohesion
5.
Distinguish between cohesion and adhesion.

6.

What is demonstrated when you see beads of water on a waxed car hood?

7.

Describe what surface tension is and explain what feature of hydrogen bonds causes it.

8.

Which property explains the ability of a water strider to walk on water?

Moderation of Temperature
9.
The calorie is a unit of heat. Define calorie.
10.

Water has high specific heat. What does this mean?
How does water’s specific heat compare to alcohol’s?

11.

Explain how hydrogen bonding contributes to water’s high specific heat.

12.

Summarize how water’s high specific heat contributes to the moderation of temperature.

13.

How is this property important to life?
Define evaporation.
What is heat of vaporization?
Explain at least three effects of this property on living organisms.

Expansion upon Freezing
14.
Ice floats! So what? Consider what would happen if ponds and other bodies of water accumulated ice
at the bottom.
Describe why this property of water is important.
15.
Now, explain why ice floats.
Why is 4oC the critical temperature in this phenomenon?
Solvent of Life
16.
Review and define these terms:
solvent
solution
solute
17.

Consider coffee to which you have added sugar. Which is the solvent? The solute?

18.

Explain why water is such a fine solvent.

19.

Define hydrophobic and hydrophilic.

20.

Now, let’s do a little work that will enable you to prepare solutions. Read the section on solute
concentrations carefully, and show the calculations here for preparing a 1-molar solution of sucrose.
Steps to help you do this follow. The first step is done for you. Fill in the rest.

Steps to prepare a solution:
a. Here is the molecular formula. C12H22O11
b. Use your periodic table to calculate the mass of each element. Multiply by the number of atoms of
the element. (For example, O has a mass of 16. Therefore, one mole of O has a mass of 16 x 11 = 176
g/mole.)
c. Add the masses of each element in the molecule.

21.

d. If you add this mass of the compound to water to bring it to a volume of 1 liter. This makes 1 liter of
a 1-M (1 molar) solution.
Can you prepare 1 liter of a 0.5-molar glucose solution? Show your work here.

22.

Define molarity.

Concept 3.3 Acidic and basic conditions affect living organisms
23.
Label the diagram below to demonstrate the dissociation (ionization) of the water molecule and then
relate this diagram to pH.

23.

What two ions form when water dissociates?

You should have answered “hydronium (H3O+) and hydroxide ions (OH–)” in the preceding question. However,
by convention, we will represent the hydronium ion as H+.
24.

What is the concentration of each ion in pure water at 25 oC?

25.

Water has a pH of 7. pH is defined as the negative log of the hydrogen ion concentration [H+]. Can you
now see how water is assigned a pH of 7?

26.

To go a step further, the product of H+ and OH– concentrations is constant at 10–14.
[H+}[OH–} = 10–14.

27.

Water, which is neutral with a pH of 7, has an equal number of H+ and OH– ions. Now, define
acid
base
Because the pH scale is logarithmic, each numerical change represents a 10X change in ion
concentration.
a. So, how many times more acidic is a pH of 3 compared to a pH of 5?

28.

b. How many times more basic is a pH of 12 compared to a pH of 8?
c. Explain difference between a pH of 8 and a pH of 12 in terms of H+ concentration.

29.

On the pH chart, label pH 1–14. Label neutral, acid, base.
Indicate the locations of pure water, urine, gastric (stomach)
juice, and bleach.

30.

The carbonic acid/bicarbonate system is an important biological buffer. Label the molecules and ions in this equation and
indicate which is the H+ donor and which is the acceptor.

In which direction will this reaction proceed
a. when the pH of a solution begins to fall?
b. when the pH rises above normal level?
31.

Even a slight change in pH can be harmful! How do buffers
moderate pH change?

32.

Exercise will result in the production of CO2, which will
acidify the blood. Explain the buffering system that minimizes
blood pH changes.

MULTIPLE CHOICE: Choose the one best answer.
1.
Each water molecule is capable of forming
a. one hydrogen bond.
b. three hydrogen bonds.
c. four hydrogen bonds.
d. two covalent bonds and two hydrogen bonds.
e. two ionic bonds and two hydrogen bonds.
2.

The polarity of water molecules
a. promotes the formation of hydrogen bonds.
b. helps water to dissolve nonpolar solutes.
c. lowers the heat of vaporization and leads to evaporative cooling.
d. creates a crystalline structure in liquid water.
e. does all of the above.

3.

What accounts for the movement of water up the veins of a tall tree?
a. cohesion
b. hydrogen bonding
c. adhesion
d. hydrophilic cell walls
e. all of the above

4.

Climates tend to be moderate near large bodies of water because
a. a large amount of solar heat is absorbed during the gradual rise in temperature of the water.
b. water releases heat to the environment as it cools.
c. the high specific heat of water helps to moderate air temperatures.
d. a great deal of heat is absorbed and released as hydrogen bonds break or form.
e. of all of the above.

5.

Temperature is a measure of
a. specific heat.
b. average kinetic energy of molecules.
d. Celsius degrees.
e. joules.

6.

c. total kinetic energy of molecules.

Evaporative cooling is a result of
a. a low heat of vaporization.
b. the release of heat during the breaking of hydrogen bonds when water molecules escape.
c. the absorption of heat as hydrogen bonds break.
d. the reduction in the average kinetic energy of a liquid after energetic water molecules
enter the gaseous state.
e. both a and b.

c.

Ice floats because
• air is trapped in the crystalline lattice.
• the formation of hydrogen bonds releases heat; warmer objects float.
• it has a smaller surface area than liquid water.
• it insulates bodies of water so they do not freeze from the bottom up.
e. hydrogen bonding spaces the molecules farther apart, creating a less dense structure.

5.

The molarity of a solution is equal to
a. Avogadro's number of molecules in 1 liter of solvent.
b. the number of moles of a solute in 1 liter of solution.
c. the molecular mass of a solute in 1 liter of solution.
d. the number of solute molecules in 1 liter of solvent.
e. 342 g if the solute is sucrose.

9.

Some archaea are able to live in lakes with pH values of 11. How does pH 11 compare with the pH 7
typical of your body cells?
a. It is four times more acidic than pH 7.
b. It is four times more basic than pH 7.
c. It is a thousand times more acidic than pH 7.
d. It is a thousand times more basic than pH 7.
e. Itis ten thousand times more basic than pH 7.

10.

A buffer
a. changes pH by a magnitude of 10.
d. is often a weak acid-base pair.

b. releases excess OH-.
c. releases excess H+.
e. always maintains a neutral pH.

11.

Which of the following is least soluble in water?
a. polar molecules
b. nonpolar molecules
d. hydrophilic molecules
e. anions

c. ionic compounds

12.

Which would be the best method for reducing acid precipitation?
a. Raise the height of smokestacks so that exhaust enters the upper atmosphere.
b. Add buffers and bases to bodies of water whose pH has dropped.
c. Use coal-burning generators rather than nuclear power to produce electricity.
d. Tighten emission control standards for factories and automobiles.
e. Reduce the concentration of heavy metals in industrial exhaust.

13.

What bonds must be broken for water to vaporize?
a. polar covalent bonds
b. nonpolar covalent bonds
c. hydrogen bonds
d. ionic bonds
e. polar covalent and hydrogen bonds

14.

How would you make a 0.1M solution of glucose (C6H1206)? The mass numbers for these elements are
approximately: C = 12, 0 = 16, H = 1.
a. Mix 6 g C, 12 g H, and 6 g O in 1liter of water.
b. Mix 72 g C, 12 g H, and 96 g O in 1liter of water.
c. Mix 18 g of glucose with enough water to yield 1liter of solution.
d. Mix 29 g of glucose with enough water to yield 1liter of solution.
e. Mix 180 g of glucose with enough water to yield 1liter of solution.

15.

How many molecules of glucose would be in the 1liter 0.1M solution made in question 14?
a. 0.1
b. 6
c. 60
d. 6 x 1023
e. 6 X 1022

16.

Why is water such an excellent solvent?
a. As a polar molecule, it can surround and dis- solve ionic and polar molecules.
b. It forms ionic bonds with ions, hydrogen bonds with polar molecules, and hydrophobic interactions with nonpolar molecules.
c. It forms hydrogen bonds with itself.
d. It has a high specific heat and a high heat of vaporization.
e. It is wet and has a great deal of surface tension.
Which of the following, when mixed with water, would form a colloid?
a. a large hydrophobic protein
b. a large hydrophilic protein
c. sugar
d. cotton
e. NaCl

17.

18.

Adding a base to a solution would
a. raise the pH.
b. lower the pH.
c. decrease [H+].

d. do both a and c.
e. do both b and c.
19.

A hydration shell is most likely to form around
a. an ion.
d. both a and c.
b. a fat.
e. both b and c.
c. a sugar.

20.

The following are the pH values for each item: cola-2; orange juice-3; beer-4; coffee-5;
human blood-7.4. Which of these liquids has the highest molar concentration of OH-?
a. cola
b. orange juice
c. beer
d. coffee
e. human blood

21.

Comparing the [H+] of orange juice and coffee, the [H+] of
a. orange juice is 10 times higher.
b. orange juice is 100 times higher.
c. orange juice is 1,000 times higher.
d. coffee is 2 times higher.
e. coffee is 100 times higher.

22.

The ability of water molecules to form hydrogen bonds accounts for water's
a. high specific heat.
b. evaporative cooling.
c. high heat of vaporization.
d. cohesiveness and surface tension.
e. All of the above result from water's hydrogen- bonding capacity.
Name __________________
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Chapter 4: Carbon and the Molecular Diversity of Life
Concept 4.1 Organic chemistry is the study of carbon compounds
1.

d.

Study this figure of Stanley Miller’s experiment to
simulate conditions thought to have existed on the early
Earth. Explain the elements of this experiment, using
arrows to indicate what occurs in various parts of the
apparatus.
What was collected in the sample for chemical analysis?
What was concluded from the results of this experiment?

Concept 4.2 Carbon atoms can form diverse molecules by bonding
to four other atoms
3.
Make an electron distribution diagram of carbon. It is essential that you know the answers to these
questions:
How many valence electrons does carbon have?
7. How many bonds can carbon form?
b. What type of bonds does it form with other elements?
6.

What is special about carbon that makes it the central atom in the chemistry of life?
4. Carbon chains form skeletons. List here the types of skeletons that can be formed.
5. What is a hydrocarbon? Name two. Are hydrocarbons hydrophobic or hydrophilic?
6. In Chapter 2 you learned what an isotope is. Since students often confuse this word with isomer, please
define each term here and give an example.

7.

Use this figure to identify the three types of isomers.
For each type, give a key character and an example.

8.

Give one example of enantiomers that vary in their
pharmacological effect.

Identify which of these are structural isomers, geometric isomers, and
enantiomers from the following compounds.

Concept 4.3 A small number of chemical groups are key to the functioning of biological molecules
9.
Here is an idea that will recur throughout your study of the function of molecules: Change the
structure, change the function. You see this in enantiomers, you will see it in proteins and enzymes,
and now we are going to look at testosterone and estradiol. Notice how similar these two molecules
are, and yet you know what a vastly different effect each has. Label each molecule in the sketch below,
and circle the differences.
10.

Define functional group.

11. There are seven functional groups. Complete the following chart.

You will need to master the chart and the information in it. Using the functional groups above, see if
you can link the following prompts to a functional group.
a.
–NH2
b.
Can form cross-links that stabilize protein structure
c.
Key component of ATP
d.
Can affect gene expression
e.
CH3
f.
Is always polar
g.
Determines the two groups of sugars
h.
Has acidic properties
i.
–COOH
j.
Acts as a base
k.
Circle and identify three functional groups in the molecule
shown above.
MULTIPLE CHOICE: Choose the one best answer.
1.
The tetravalence of carbon most directly results from
a. its tetrahedral shape.
b. its very slight electronegativity.
c. its four electrons in the valence shell that can form four covalent bonds.
d. its ability to form single, double, and triple bonds.
e. its ability to form chains and rings of carbon atoms.

2.

Hydrocarbons are not soluble in water because
a. they are hydrophilic.
b. the C-H bond is nonpolar.
c. they do not ionize.
d. they store energy in the many C-H bonds along the carbon backbone.
e. they are lighter than water.

3.

Which of the following is not true of an asymmetric carbon atom?
a. It is attached to four different atoms or groups.
b. It results in right- and left-handed versions of a molecule.
c. It is found in all enantiomers.
d. Its configuration is in the shape of a tetrahedron.
e. It is found in all geometric isomers.

4.

Which of the following is mismatched with its description?
a. phosphate-forms bonds that stabilize protein structure
b. hydroxyl and carbonyl-components of sugars
c. ATP-source of energy for cellular processes
d. methyl-addition changes shape and function of molecules
e. amino and carboxyl components of amino acids

5.

The chemical group that can cause an organic molecule to act as a base is
a. -COOH.
b. -OH.
c. -SH.
d. -NH2.
e. -CH3.

6.

The chemical group that confers acidic properties to organic molecules is
a. -COOH.
b. -OH.
c. -SH.
d. -NH2.
e. -CH3.

7.

Which statement is not true about structural isomers?
a. They have different chemical properties.
b. They have the same molecular formula.
c. Their atoms and bonds are arranged in different sequences.
d. They are a result of restricted movement around a carbon double bond.
e. Their possible numbers increase as carbon skeletons increase in size.

8.

The fats stored in your body consist mostly of
a. methyl groups.
b. alcohols.
c. carboxylic acids.
d. hydrocarbons.
e. organic phosphates.

9.

How many asymmetric carbons are there in the sugar ribose shown below?
a. 1
b.2
c. 3
d. 4
e. 5

MATCHING: Match the formulas (a-f) to the terms at the right. Choices may be used more than once;
more than one right choice may be available.

_______ 1. structural isomers
_______ 2. geometric isomers
_______ 3. can have enantiomers
_______ 4. carboxylic acid
_______ 5. can make cross-link in protein
_______ 6. hydrophilic
_______ 7. hydrocarbon
_______ 8. amino acid
_______ 9. organic phosphate
_______ 10. aldehyde
_______ 11. amine
_______ 12. ketone

Name __________________
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Chapter 5: The Structure and Function of Large Biological Molecules
Concept 5.1 Macromolecules are polymers, built from monomers
e.
The large molecules of all living things fall into just four main classes. Name them.
f.

Circle the three classes (above) that are called macromolecules. Define macromolecule.

g.

What is a polymer?

8.

A monomer?

Monomers are connected in what type of reaction?
What occurs in this reaction?

9.

Large molecules (polymers) are converted to monomers in what type of reaction?

10.

The root words of hydrolysis will be used many times to form other words you will learn this year.
What does each root word mean?
hydro–
lysis

Concept 5.2 Carbohydrates serve as fuel and building material
7.
Let’s look at carbohydrates, which include sugars and starches. First, what are the monomers of all
carbohydrates?
8.
Most monosaccharides are some multiple of (CH2O). For example, ribose is a 5-carbon sugar with the
formula C5H10O5. It is a pentose sugar. (From the root penta–, meaning 5.) What is the formula of a
hexose sugar?
9.

Here are the three hexose sugars. Label each of them in the box. Notice that all sugars have the same
two functional groups. Name them:
C=O
—OH

10.

What is the difference between an aldehyde sugar and a ketone sugar?

11.

So, as a quick review, all of these sugars have the same chemical
formula: C6H12O6. What term did you learn in Chapter 3 for compounds
that have the same molecular formulas but different structural formulas?

12.

Fill in the blanks to review the structure of monosaccharides. You can
recognize a monosaccharide by its multiple (a) _____________ groups
and its one (b) _______________ group, whose location determines
whether the sugar is an (c) ____________ or a (d)_________________.
In aqueous solutions, most monosaccharides form (e) ________________
_

13.

Here is the abbreviated ring structure of glucose. Where are all
the carbons? Pay attention to the numbering system. This will
be important as we progress in our study. Circle the number 3
carbon. Put a square around the number 5 carbon.

14.

Let’s look at our reaction in question 7 again: C6H12O6 + C6H12O6 ------> C12H22O11 + H2O

Two monomers are joined to make a molecule. As the monomers are monosaccharides, the molecule is a
disaccharide. Three disaccharides are important to us with the formula, C12H22O11. Name them below, and fill
out the chart.

15.

Have you noticed that all the sugars end in –ose? This root word means what?

16.

What is a glycosidic linkage?

17.

Here is a molecule of starch, which shows 1–4 glycosidic linkages. Translate and explain this terminology in terms of carbon numbering.

18.

There are two categories of polysaccharides. Name them and give examples.

19.

Why can you not digest cellulose?

20.

Let’s review some key points about the carbohydrates. Each prompt below describes a unique
carbohydrate. Name the correct carbohydrate for each.
a. Has 1–4 B glucose linkages
b. Is a storage polysaccharide produced by vertebrates; stored in your liver
c. Two monomers of this form maltose
d. Glucose + _______________ form sucrose
e. Monosaccharide commonly called “fruit sugar”
f. “Milk sugar”
g. Structural polysaccharide that gives cockroaches their crunch
h. Malt sugar; used to brew beer
i. Structural polysaccharide that comprises plant cell walls
Fill in the following concept map that summarizes this section on carbohydrates.

21.

What organisms can?

Concept 5.3 Lipids are a diverse group of hydrophobic molecules
22.
Lipids include fats, waxes, oils, phospholipids, and steroids. What characteristic do all lipids share?
23.

What are the building blocks of fats? Name them, and label them on this figure.

24.

If a fat is composed of 3 fatty acids and 1 glycerol molecule, how many water molecules will be
removed to form it?
Again, what is this process called?

25.
26.

On the figure with question 23, label the ester linkages.
Draw a fatty acid chain that is 8 carbons long and is unsaturated. Circle the element in your chain that
makes it unsaturated, and explain what this means.

27.

Name two saturated fats.

28.

Name two unsaturated fats.

29.

Why are many unsaturated fats liquid at room temperature?

30.

What is a trans fat?
Why should you limit them in your diet?

31.

List four important functions of fats.

32.

Here is a figure that shows the structure of a
phospholipid. Label the sketch to show the
phosphate group, the glycerol, and the
fatty acid chains. Also indicate the region that is
hydrophobic and the region that is hydrophilic.
Why is the “tail” hydrophobic?

33.
34.

Which of the two fatty acid chains in the figure with question 32 is unsaturated? Label it. How do
you know it is unsaturated?

35.

To summarize, a phospholipid has a glycerol attached to a phosphate group and two fatty acid chains.
The head is hydrophilic, and the tail is hydrophobic. Now, sketch the phospholipid bilayer structure of a
section of the plasma membrane. Label the hydrophilic heads, hydrophobic tails, and location of water.

36.
37.

Study your sketch. Why are the tails all located in the interior?
Some people refer to this structure as three hexagons and a
doghouse. What is it?

38.

What are other examples of steroids?

Concept 5.4 Proteins have many structures, resulting in a wide range of functions
39.

Table 5.1 is loaded with important information. Select any five types of proteins and summarize
each type here.

40.

Enzymes are an important type of protein. They will be studied
in Chapter 8. For now, use this sketch to review what you know
about enzymes. Label the active site, the substrate, and the
products. Show what happens to water.

41.

Is this reaction dehydration synthesis or hydrolysis?

42.

The monomers of proteins are amino acids. Sketch an amino acid here. Label the alpha or central
carbon, amino group, carboxyl group, and R group.

43.

What are the chemical properties of the two functional groups found in every amino acid?

44.

How many different amino acids are there?

45.

What is meant by the term R group? How many different ones are there?

46.

A human can build tens of thousands of different proteins. How is that possible with only a total
of twenty different amino acids?

45.

Study the figure. Explain why some R groups are nonpolar, some polar, and others electrically charged
(acidic or basic). You may have to review what you know about the different functional groups in
organic molecules If you were given an R group, could you place it in the correct group? Work on the R
groups until you can see common elements in each category.

46.

Define these terms:
dipeptide
polypeptide
peptide bond

47.

Label each of these terms where they appear on the diagrams.
There are four levels of protein structure. Refer to Figure 5.21, and summarize each level in the
following table.

48.

Label each of the levels of protein structure on this figure.

49.

In the following diagram of a portion of a polypeptide,
label the types of interactions that are shown. What
level of structure are these interactions producing?
Explain how these interactions collectively
result in a complex three-dimensional shape.

48.

Do you remember when, in Chapter 4, we said,
“Change the structure, change the function”?
Explain how that principle applies to sickle-cell disease.
Why is the structure changed?

49.

Besides mutation, which changes the primary structure of a protein, protein structure can be changed
by denaturation. Define denaturation, and give at least three ways a protein may become denatured.

50. Chaperone proteins or chaperonins assist in the folding of proteins. Annotate this figure to explain this.

Concept 5.5 Nucleic acids store and transmit hereditary information
DNA and RNA will be the core topics of Chapter 17. For now, you should just review the general functions and
know the components.
51.

The flow of genetic information is from DNA 7 RNA7 protein. Use this
figure to explain the process. Label the nucleus, DNA, mRNA, ribosome,
and amino acids.

52.

The components of a nucleic acid are a sugar,
a nitrogenous base, and a phosphate group.
Label each on the figure at right.
Notice that there are five nitrogen bases. Which
four are found in DNA?
Which four are found in RNA?

53.

You may recall that early in this chapter we
looked at the numbering system for the carbons
of a sugar. Label the end of the strand on the left side
of the figure below that has the number 5 sugar 5' and the other end of the chain 3'.

54.

How do ribose and deoxyribose sugars differ?

55.

To summarize, what are the three components of a nucleotide?

56.
57.

Here is a model of DNA, which was proposed by James Watson and Francis Crick. What is this shape
called?
Why are the strands said to be antiparallel?

58.

What two molecules make up the “uprights”?

59.

What molecules make up the rungs?

60.

For the two nucleotides of DNA below, provide the
complementary base.
A—
C—
In a DNA double helix, a region along one DNA strand has this sequence of nitrogenous bases:
5'-T A G G C C T-3'

61.

Write the complementary strand. Indicate the 5' and 3' ends of the new strand.

MATCHING: Match the molecule with its class of molecule.
1. glycogen
6. a gene
2. cholesterol
7. triacylglycerol
3. RNA
8. enzyme
4. collagen
9. cellulose
5. hemoglobin
10. chitin

A. carbohydrate
B. lipid
C. protein
D. nucleic acid

MULTIPLE CHOICE: Choose the one best answer.
1.
Polymerization is a process that
a. creates bonds between amino acids in the formation of a peptide chain.
b. often involves the removal of a water molecule.
c. links the sugar of one nucleotide with the phosphate of the next.
d. requires a condensation or dehydration reaction.
e. may involve all of the above.
2.

Which of the following is not true of a pentose?
a. It can be found in nucleic acids.
b. It can occur in a ring structure.
c. It has the formula C5H1205.
d. It has one carbonyl and four hydroxyl groups.
e. It may be an aldose or a ketose.

3.

Disaccharides can differ from each other in all of the following ways except
a. in the number of their monosaccharides.
b. as enantiomers.
c. in the monomers involved.
d. in the location of their glycosidic linkage.
e. in their structural formulas.

4.

Which of the following is not true of cellulose?
a. It is the most abundant organic compound on Earth.
b. It differs from starch because of the structure of glucose and the geometry of the glycosidic linkage.
c. It may be hydrogen-bonded to neighboring cellulose molecules to form microfibrils.
d. Few organisms have enzymes that hydrolyze its glycosidic linkages.
e. Its monomers are glucose with nitrogen-containing appendages.

5.

Plants store most of their energy for later use as
a. unsaturated fats
b. saturated fats
c. starch

d. sucrose

e. cellulose.

6.

What happens when a protein denatures?
a. Its primary structure is disrupted.
b. Its secondary and tertiary structures are disrupted.
c. It becomes irreversibly insoluble and precipitates.
d. It hydrolyzes into component amino acids.
e. Its hydrogen bonds, ionic bonds, hydrophobic interactions, disulfide bridges, and peptide bonds
are disrupted.

7.

The α helix of proteins is
a. part of the tertiary structure and is stabilized by disulfide bridges.
b. a double helix.
c. stabilized by hydrogen bonds and commonly found in fibrous proteins.
d. found in some regions of globular proteins and stabilized by hydrophobic interactions.
e. a complementary sequence to messenger RNA.

8.

A fatty acid that has the formula C16H3202 is
a. saturated
b. unsaturated
c. branched
e. part of a steroid molecule

d. hydrophilic

9.

Three molecules of the fatty acid in question 8 are joined to a molecule of glycerol (C3H803).
The resulting molecule has the formula
a. C48H9606.
b. C48H9809.
c. C51H10208.
d. C51H9806.
e. C51H10409.

10.

β pleated sheets are characterized by
a. disulfide bridges between cysteine amino acids.
b. parallel regions of the polypeptide chain held together by hydrophobic interactions.
c. folds stabilized by hydrogen bonds between segments of the polypeptide backbone.
d. membrane sheets composed of phospholipids.
e. hydrogen bonds between adjacent cellulose molecules.

11.

Cows can derive nutrients from cellulose because
a. they can produce the enzymes that break the linkages between glucose molecules.
b. they chew and re-chew their cud so that cellulose fibers are finally broken down.
c. its rumen contains prokaryotes that can hydrolyze the bonds of cellulose.
d. their intestinal tract contains termites, which harbor microbes that hydrolyze cellulose.
e. they can convert cellulose to starch and then hydrolyze starch to glucose.

12.

Which of these molecules would provide the most energy (kcal/g) when eaten?
a. glucose
b. starch
c. glycogen
d. fat
e. protein

13.

What determines the sequence of the amino acids in a particular protein?
a. its primary structure
b. the sequence of nucleotides in RNA, which was determined by the sequence of nucleotides in the
gene for that protein
c. the sequence of nucleotides in DNA, which was determined by the sequence of nucleotides in RNA
d. the sequence of RNA nucleotides making up the ribosome
e. the three-dimensional shape of the protein

14.

Sucrose is made from joining a glucose and a fructose molecule in a dehydration reaction. What is the
molecular formula for this disaccharide?
a. C6H1206
b. C10H20010
c. C12H22011
d. C12H24012
e. C12H24013

15.

How are the nucleotide monomers connected to form a polynucleotide?
a. hydrogen bonds between complementary nitrogenous base pairs
b. ionic attractions between phosphate groups
c. disulfide bridges between cysteine amino acids
d. covalent bonds between the sugar of one nucleotide and the phosphate of the next
e. ester linkages between the carboxyl group of one nucleotide and the hydroxyl group on the ribose of
the next

16.

Which of the following would be the most hydrophobic molecule?
a. cholesterol
b. nucleotide
c. amino acid
d. chitin
e. glucose

17. What is the best description of this molecule?
a. chitin
d. nucleotide
b. amino acid
e. protein
c. polypeptide (tripeptide)
18.
Which number(s) in the molecule in question 17
refer(s) to a peptide bond?
a. 1
b. 2
c. 3
d. 4

e. both 2 and 4

19.

If the nucleotide sequence of one strand of a DNA helix is 5'GCCTAA3', what would be the 3'-5'
sequence on the complementary strand?
a. GCCTAA
b. CGGAUU
c. CGGATT
d. ATTCGG
e. TAAGCC

20.

Monkeys and humans share many of the same DNA sequences and have similar proteins, indicating
a. the two groups belong to the same species.
b. the two groups share a relatively recent com- mon ancestor.
c. humans evolved from monkeys.
c. humans evolved from monkeys.
d. monkeys evolved from humans.
e. the two groups first appeared on Earth at about the same time.

21.

Which of the following would be the major component of the cell membrane of a fungus?
a. cellulose
b. chitin
c. cholesterol
d. phospholipids
e. unsaturated fatty acids

22.

Hydrophobic as well as hydrophilic interactions would be important for which of the following
types of molecules?
a. proteins
b. unsaturated fats
c. glycogen and cellulose
d. polynucleotides
e. all of the above

23.

What are trans fats?
a. hydrogenated vegetable oils that have been identified with health risks
b. fats made from cholesterol that are components of plaques in the walls of blood vessels
c. fats that are derived from animal sources and are associated with cardiovascular disease
d. fats that contain trans double bonds and may contribute to atherosclerosis
e. polyunsaturated fats produced by removing H from fatty acids and forming cis double bonds

24.

Which of the following is not one of the many functions performed by proteins?
a. signals and receptors
b. enzymatic catalyst for metabolic reactions
c. protection against disease
d. contractile components of muscle
e. transport of proteins by chaperonins

