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Æ BIOZONE’S AP Biology series comprises two titles and ancillaries

Æ AP Biology 1 and AP Biology 2 cover the theoretical content of the AP 

Biology program

Æ New tools for navigation and guidance facilitate student engagement 

Æ Greater emphasis on supporting student-driven inquiry
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AP BIOLOGY 1
Biochemistry and Cell Biology

 • The Biochemistry of Life
 • The Internal Structure of Cells
 • Cell Membranes & Transport

 • Cellular Communication

Genetics
 • DNA and RNA
 • Chromosomes and Cell Division
 • Regulation of Gene Expression 
 • Sources of Variation

Evolution
 • Genetic Change in Populations
 • Evidence for Biological Evolution
 • The Relatedness of Organisms
 • Speciation & Extinction
 • The Origin of Living Systems

AP BIOLOGY 2
Metabolism

 • Energy in Living Systems
 • Enzymes & Metabolism

The Physiology and Behaviour of Organisms
 • Homeostasis and Energy Allocation
 • Plant Structure & Adaptation
 • Obtaining Nutrients & Eliminating Wastes
 • Interactions in Physiological Systems
 • Internal Defence
 • Timing, Coordination, & Social Behaviour
 • Nervous Systems & Responses

Ecology
 • The Nature of Ecosystems
 • Energy Flow & Nutrient Cycles
 • Populations
 • The Diversity & Stability of Ecosystems



• The four big ideas provide a thematic framework for 
presenting a wealth of illustrative examples to support 
required content.

• Concept maps make connections between key content 
areas.

• Enduring understandings are clearly identified and 
explored through the essential knowledge statements, 
the learning objectives, and the supporting activities.

• Chapter introductions are based on the Essential 
Knowledge statements of the curriculum and summarize 
the learning objectives for the students.

• Inquiry-based learning is emphasized.

• Science practices are supported with specific content 
and identified throughout, providing the preparation for 
independent inquiry.

• A range of engaging activities support independence, 
critical thinking, and inquiry.

• Flexible, concept-based structure accommodates 
diverse learning styles and allows for multiple approaches 
to teaching essential knowledge.
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Cell Walls

1. What is the main difference between the cell walls of Gram-negative and Gram-positive bacteria?  

2. Explain why antibiotics targeting the bacterial cell wall will not affect the people taking them:  

3. Describe two functions of cell walls:  

57
Key Idea: Cell walls give structure to cells. They are found in 
bacteria, fungi, and plants.
Cell walls are structural components of cells external to the 
plasma membrane. They give the cell support and protection, 

preventing over expansion when the pressure inside a cell 
rises. Cell walls come in a variety of molecular structures. 
A major component of bacterial cell walls is peptidoglycan, 
whereas the major component of plant cell walls is cellulose.

Bacteria can be divided into two major groups, Gram-positive or 
Gram-negative based on how they appear when treated with certain 
stains. This is determined by wall structure. Gram negative bacteria 
have an outer membrane over a thin layer of peptidoglycan. The 
Archaeans also lack peptidoglycan in their cell wall.

Plant cell walls comprise three major elements: cellulose, 
hemicellulose, and pectin. Hemicellulose links the cellulose into a 
matrix, which is embedded with pectin. The cell wall provides the 
cell with support. Internal pressure (turgor) pushes against the 
wall and produces a rigid cell that can (together with other cells) 
support the mass and structure of the plant.

Fungal cell walls are a unique structure of chitin, b-glucans 
(b-D-glucose polysaccharides), and mannoproteins 
(proteins with mannose sugar attached). As in plants, the 
cell wall offers the fungus support and structure. Antifungal 
medicines target the chitin in the fungal cell wall because 
its uniqueness to fungi.

Gram-positive bacteria have a thick layer of peptidoglycan 
beyond the plasma membrane. Peptidoglycan is made up 
of polysaccharide chains cross-linked by various peptides. 
The gram positive bacterial cell wall is a major target in 
the development of antibiotics. 
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Transcription is the First Step in Gene Expression106

1. (a) Name the enzyme responsible for transcribing the DNA:

(b) What strand of DNA does this enzyme use?

(c) The code on this strand is the [ same as / complementary to ] the RNA being formed (circle correct answer).

(d) Which nucleotide base replaces thymine in mRNA?

(e) On the diagram, use a colored pen to mark the beginning and end of the protein-coding region being transcribed.

2. (a)  In which direction is the RNA strand synthesized?

(b) Explain why this is the case:

3. (a) Why is AUG called the start codon?

(b) What would the three letter code be on the DNA coding strand?

Key Idea: Transcription is the first step of gene expression. 
It involves the enzyme RNA polymerase rewriting the 
information into a primary RNA transcript. In eukaryotes, 
transcription takes place in the nucleus. 
Transcription is the first stage of gene expression. It takes 
place in the nucleus and is carried out by the enzyme 
RNA polymerase, which rewrites the DNA into a primary 
RNA transcript using a single template strand of DNA. The 

protein-coding portion of a gene is bounded by an upstream 
start (promoter) region and a downstream terminator region. 
These regions control transcription by telling RNA polymerase 
where to start and stop transcription. In eukaryotes, non 
protein-coding sections called introns must first be removed 
and the remaining exons spliced together to form the mature 
mRNA before the gene can be translated into a protein. This 
editing process also occurs in the nucleus.

5'

Transcription is carried out by RNA polymerase (RNAP)

Several RNA polymerases may 
transcribe the same gene at 
any one time, allowing a high 
rate of mRNA synthesis. 

Direction of 
transcription

Template (antisense) 
strand of DNA stores 
the information that is 
transcribed into mRNA

The primary RNA transcript is 
edited to form the mature mRNA 
and then passes to the cytoplasm 
where the nucleotide sequence is 
translated into a polypeptide.

Newly synthesized RNA 
strand is complementary 
to the template strand

Translation will 
begin at the start 
codon AUG

mRNA nucleotides. Free 
nucleotides are used to 
construct the RNA strand

Coding (sense) 
strand of DNA

RNA polymerase (RNAP)
adds nucleotides to the 3' end 
so the strand is synthesized 
in a 5' to 3' direction.

RNA polymerase binds at the 
upstream promoter region

RNA polymerase 
dissociates at the 
terminator region

3'

3'

3'

5'

5'
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Key Idea
This new feature 
provides a focus 
for the activity and 
provides a clear 
take-home message 
for the student.

Activity number
Numbered activities 
make it easy to 
navigate through 
the book and locate 
concept and content 
connections.

Visual impact
Annotated diagrams 
and photographs
deliver the content,
directly or indirectly 
providing the
information
necessary to 
complete the activity.

Questions
The questions provide a tool to develop and 
evaluate skills and understanding. A wide range 
of tasks, including free response, data analysis 
and presentation, and interpretation and 
evaluation of evidence, build confidence and 
competence.

Task codes
Indicates the
type of activity.

Concise content
Comprehensive 
content is presented 
concisely and logically, 
encouraging student 
engagement with the 
information.

Weblinks
External URLs 
providing support for 
the activity (available 
through Biozone’s 
dedicated link).

Concept and content connections
These tabs give the activity number of related 
content or concepts elsewhere in the book.

Science Practices
This tab identifies the science practices 
associated with the activity.
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207

Key Idea: Actograms are graphical records of an organism's 
activity and can be used to determine its activity patterns.
In a laboratory, the activity of an organism can be recorded 
continuously. The activity is often recorded as a bar on a line 
representing 24 hours. By placing the successive blocks of 
24 hours under each other, a clearer picture of the pattern 

of activity can be seen. By keeping the environmental cues 
constant (e.g. constant dark) it is possible to see the length of 
time of the organism's biological clock runs for in the absence 
of environmental cues. This length of time is called the  
free-running period. A phase shift occurs when an organism 
is entrained to a new regime of environmental cues.

Interpreting Actograms144

Tape Raster Double plotted raster

Imagine ticker tape rolling out of a machine. 
Every time an organism is active, a mark or 
bar is made on the tape. The tape is then 
cut up into lengths representing 24 hours.

The lengths are then laid out one 
under the other in order, forming 
a stack called a raster.

To maintain continuity between cuts, the raster 
is copied and pasted to the left but shifted down 
one line. This is called double plotting and is 
how most actograms are laid out.

Actogram of human activity

Making an actogram

24:00
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30

24:0012:00 12:00 24:00
Time

D
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For the first 10 days 
the individual was 
exposed to conditions 
of 12 hours dark and 12 
hours light with no other 
environmental cues.

After 10 days, no 
environmental cues 
were given to the 
individual. The light 
level was set to low 
but constant.

After another 10 days 
environmental cues 
were restored but 
following a new regime. 
The individual's activity 
followed the new regime. 
A shift in the start point 
of the activity like this is 
called a phase shift.

The bars labeled A are 
the same piece of activity.

A
A

B
B

The lines labeled B are 
the same piece of activity.

Bar showing length of activity

The free-running period 
in humans is about is 
about 25 hours. When 
the free running period 
is longer than 24 hours 
the timing of the activity 
moves to the right on an 
actogram. When it is less 
than 24 hours the timing 
of the activity moves to 
the left.

1. Why are actograms produced by double plotting the original raster?  

2. (a) What is a free-running period?  

 (b) How would you tell if the free-running period was shorter or longer than 24 hours?  
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Choice Chamber Investigations151
Key Idea: Choice chambers are a simple way to test animal 
behaviors such as a simple orientation behavior.
Choice chambers are a simple way to investigate behavior 
in animals. A simple choice chamber consists of two distinct 

areas enclosing opposing environments, e.g. warm and 
cool, dry and humid, light and dark. Animals are placed in 
the middle of the chamber and given time to move to their 
preferred area before numbers in each chamber are counted.

Background
Students carried out two investigations on pillbugs. The first 
was to determine pillbug preference for light or dark. The 
second was to test preference for warm or cool environments.

Aim: investigation 1
To investigate if pillbugs prefer a light or dark environment.

The method
A choice chamber was set up using two joined petri dishes, 
one painted black, the other left clear. The chamber was kept 
at room temperature (21°C). Ten pillbugs were placed into 
the joining segment of the chamber and left for ten minutes 
to orientate themselves. The numbers of pillbugs in each 
chamber were then recorded. The experiment was carried out 
a total of four times.

Results

Number of pillbugs in chamber

Trial Dark Light

1 7 3

2 9 1

3 8 2

4 9 1

Results

Number of pillbugs in chamber

Trial Warm Cool

1 2 8

2 3 7

3 2 8

4 1 9

Light Cool (14°C)Dark Warm (27°C)

1. State the null hypothesis for test 1:  

2. (a) Calculate a c2 value for test 1:   (b) Calculate the degrees of freedom:  

3. Use the c2 table in the previous activity to decide if the test is significant at P = 0.01:  

4. State the null hypothesis for test 2:  

5. (a) Calculate a c2 value for test 1:   (b) Calculate the degrees of freedom:  

6. Use the c2 table in the previous activity to decide if the test is significant at P = 0.01:  

7. Use the results of the two tests to make a statement explaining the habitat preference of pillbugs:  

Aim: investigation 2
To investigate if pillbugs prefer a warm or cool environment.

The method
A choice chamber was set up painted entirely black. One side 
was heated to 27°C by placing a heat pad underneath. The 
other side was kept cool at 14°C by placing a towel soaked in 
cool water around the chamber. Ten pillbugs were placed into 
the joining segment of the chamber and left for ten minutes to 
orientate. The numbers of pillbugs in each chamber were then 
recorded. The experiment was carried out a total of four times.
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Processing Antigens124
Key Idea: Antigen processing prepares and displays antigens 
for presentation to the T-cells of the immune system.
Antigen presenting cells (APCs) process and present antigens 
for recognition by T-cells. During antigen processing, the APC 
digests the foreign antigen into smaller peptide fragments. 
These fragments are then displayed on the surface of the 

APC by MHC receptors. The immune response evoked by 
the T-cells depends on which MHC receptor (MHCI or MHCII) 
is activated. Antigen presentation is necessary for T-cells to 
recognize infection or abnormal growth and activate other 
cells of the immune system. Dendritic cells, macrophages, 
and B-cells are APCs. 

The role of MHC receptors
Recall there are two types of MHC receptors, class I and class II 
(right). Both have similar functions in that they display antigenic 
peptides on cell surfaces so antigens can be recognized and 
processed by the T-cells of the immune system. T-cells can only  
recognize antigenic peptides if they are displayed by the MHC 
receptors. MHC receptors presenting no foreign antigenic peptides 
are ignored by T-cells, because they are signaling that the cell is 
healthy. Only MHC receptors with foreign antigenic peptides bound 
to them will attract T-cells and evoke an immune response.

The source of the antigenic peptides bound to each class of MHC 
receptor differs. Class I MHC receptors display antigenic peptides 
of intracellular parasites such as viruses. Class II MHC receptors 
display antigenic peptides originating from outside of the cell (such 
as those from ingested microbes). 

Class I MHC
Intracellular antigens, 
e.g. viral proteins

Class II MHC
Extracellular antigens, 
e.g. proteins from 
phagocytosed microbes

Antigen binding site Antigen binding site

An overview of antigen processing

The diagram on the right represents antigen 
processing of an extracellular peptide 
antigen via a class II MHC receptor.

An APC encounters an antigen.

The antigen is engulfed via phagocytosis 
and digested into short peptide fragments.

Class II MHC receptors bind the fragments 
and form a MHC-antigen complex.

The  MHC-antigen complex is displayed on 
the surface of the APC.

A receptor on the T helper cell recognizes 
the peptide as foreign. It binds and a 
series of events stimulate the adaptive 
immune response.

1. What is the purpose of antigen processing?  

2. Why do MHC receptors with no antigenic peptide bound not cause an immune response? 

3. Describe the differences between class I and class II MHC receptors:  

APC
(dendritic cell)

Antigen

Antigen
peptide 
fragment Class II MHC

Class II MHC 
receptor

Class II MHC 
receptor/antigen 
complex  

T helper 
cell
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176

1. Identify the white blood cells capable of phagocytosis:  

2. Explain the role of opsonins and phagocyte receptors in enhancing phagocytosis:  

3. Explain how some microbes can overcome phagocytic cells and use them to their advantage:  

 The Action of Phagocytes

Some microbes kill phagocytes

Some microbes produce toxins that 
can actually kill phagocytes, e.g. 
toxin-producing staphylococci and 
the dental plaque-forming bacteria 
Actinobacillus.

Microbes evade immune system

Some microbes can evade the immune 
system by entering phagocytes. The 
microbes prevent fusion of the lysosome 
with the phagosome and multiply inside the 
phagocyte, almost filling it. Examples include 
Chlamydia, Mycobacterium tuberculosis, 
Shigella, and malarial parasites.

Dormant microbes hide inside

Some microbes can remain 
dormant inside the phagocyte 
for months or years at a time. 
Examples include the microbes that 
cause brucellosis and tularemia.

123

The interaction of microbes and phagocytes
Some microbes 
kill phagocytes.

Microbes enter 
phagocytes and evade 
the immune response.

Dormant microbes 
may hide inside 
phagocytes.

Key Idea: Phagocytes are mobile white blood cells that ingest 
microbes and digest them by phagocytosis.
All  types of phagocytes (e.g. neutrophils, dendritic cells, and 
macrophages) are white blood cells. These specialized cells 
have receptors on their surfaces that can detect antigenic 
material, such as microbes. They then ingest the microbes 

and digest them by phagocytosis. As well as destroying 
microbes, phagocytes also release cytokines that help to 
coordinate the overall response to an infection. Macrophages 
and dendritic cells also play a role in antigen presentation in 
processing and presenting antigens from ingested microbes 
to other cells of the immune system (opposite).

Microbe

Nucleus

Phagosome

Phagolysosome

Lysosome

Opsonins

Opsonin 
receptors

Detection and interaction
Microbe coated in opsonins is detected 
by the phagocyte and attaches to it. 
Opsonins are molecules in the blood 
that coat foreign material (e.g. a 
bacterial cell), marking it as a target for 
phagocytosis.

Engulfment
The opsonin markers trigger 
engulfment of the microbe by the 
phagocyte. The microbe is taken in by 
endocytosis.

Discharge
Indigestible material is discharged 
from the phagocyte.

Digestion
The microbe is broken down into its 
chemical constituents.

Fusion with lysosome
Phagosome fuses with a lysosome 
containing powerful antimicrobial proteins. 
The fusion forms a phagolysosome.

Phagosome forms
A phagosome forms, enclosing the 
microbe in a membrane.
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Investigating Photosynthesis18

1. Generate a brief hypothesis for this experiment:  

2. Why do the leaf discs float?  

3. (a) Graph the results on the grid provided (right):

 (b) Describe how photosynthesis was affected by light color:

4. Did the results support your hypothesis? Explain:  

Key Idea: The rate of photosynthesis varies with different 
wavelengths of visible light.
Photosynthetic pigments absorb specific wavelengths of 
light and capture the energy within it to drive photosynthesis. 

However, some wavelengths are absorbed more strongly 
than others. The experiment described below investigates 
the effect of different wavelengths on the photosynthetic rate 
of a green plant.

Method
 f Select several green leaves of the same type. Avoiding areas 

with major leaf veins, use a hole punch to cut out 40 discs of 
a uniform size. Place the discs into a large syringe containing 
a 0.2% bicarbonate solution. Place a finger tightly over the 
tip of the syringe and slowly pull back on the plunger. Repeat 
until all the discs sink. Do not use any that remain floating. 
Keep the discs in a dark place until required.

 f Label four 150 mL glass beakers as red, blue, green, and 
clear. To each beaker add 100 mL of 0.2% bicarbonate 
solution and 5 mL of detergent. Color the solutions by 
adding 10 drops of the appropriate color food coloring to the 
bicarbonate solution. No food coloring is added to the clear 
container.

 f Place 10 leaf discs into the beaker, and place it 15 cm from 
a 100 watt light bulb. Start a timer immediately and record 
the time taken for all 10 leaf discs to float. Repeat with the 
remaining colors.

Aim
To investigate the effect of wavelength on the photosynthetic 
rate of a green plant. 

Light color Time taken for 10 discs to float (s)

Blue 162

Red 558

Green 998

White 694

Results
The results from the experiment are shown below.

Background
Leaf disc assays are commonly used to investigate 
photosynthesis in the classroom because they are simple 
to perform and do not require any specialised equipment. 
The bicarbonate solution under pressure removes any 
oxygen in the leaf by replacing the air in the leaf air 
spaces and it also serves as a source of CO2 during the 
experiment. As photosynthesis occurs, O2 is produced 
and the leaf disks become buoyant and eventually float.  
The rate of flotation is an indirect measure of the rate of 
photosynthesis.  The detergent is added to break down the 
water-repellent barrier on the leaf surface, allowing sodium 
bicarbonate to enter the leaf more easily. 
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PRACTICES

2. A student used a simple respirometer (like the one above) to measure respiration in maggots. Their results are 
presented in the table (right). The maggots were left to acclimatize for 10 minutes before the experiment was started.

 (a) Calculate the rate of respiration and record this in the table. The first 
two calculations have been done for you.

 (b) Plot the rate of respiration on the grid, below right.

 (c) Describe the results in your plot:  

 (d) Why was there an acclimatization period before the experiment began?

3. Why would it have been better to use a differential respirometer?  

Measuring Respiration9
Key Idea: Oxygen consumption and carbon dioxide production 
in respiring organisms can be measured with a respirometer.
A respirometer measures the amount of oxygen consumed 

and the amount of carbon dioxide produced during cellular 
respiration. Respirometers are quite simple pieces of 
apparatus but can give accurate results if set up carefully.

Time  
(minutes)

Distance 
bubble moved 

(mm)

Rate   
(mm min-1)

0 0 _

5 25 5
10 65

15 95

20 130

25 160

Measuring respiration with a simple respirometer
The diagram on the left shows a simple respirometer. It 
measures the change in gases as respiration occurs. 

 f Respiring organisms, in this case germinating seeds, are 
placed into the respirometer. 

 f Soda lime or potassium hydroxide is added to absorb any 
carbon dioxide produced during respiration. Therefore the 
respirometer measures oxygen consumption.

 f Once the organisms have been placed into the chamber the 
screw clip is closed. The start position of the colored bubble is 
measured (this is the time zero reading).

 f The colored bubble in the capillary tube moves in response to 
the change in oxygen consumption. Measuring the movement 
of the liquid (e.g. with a ruler) allows the change in volume of 
gas to be estimated. 

 f Care needs to be taken when using a simple respirometer 
because changes in temperature or atmospheric pressure may 
change the readings and give a false measure of respiration.

 f Differential respirometers (not shown) use two chambers 
(a control chamber with no organisms and a test chamber) 
connected by a U-tube. Changes in temperature or 
atmospheric pressure act equally on both chambers. Observed 
changes are only due to the activities of the respiring organism.

1. Why does the bubble in the capillary tube move?

Germinating 
seeds

Soda lime (or KOH) pellets
(CO2 absorbant)

Perforated metal cage

Colored 
bubble

Capillary 
tube

Screw clip

Clamp stand

Scale

Caution is required when handling KOH as it 
is caustic. Wear protective eyewear and gloves.
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