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Biology 2.4 AS 91156 Externally assessed 
4 credits

Demonstrate understanding of life processes  
at the cellular level

Introduction – Cells and cell processes
Cells were first observed by Robert Hooke in 1665 using one of the first very simple microscopes. Nearly 200 
years later, in 1839, the cell theory was proposed. This states that ‘cells occur universally and are the basic units 
of living organisms’; the theory is still current.

All cells belong to one of two categories.
• Prokaryotes – these cells are found only in bacteria and are characterised by not having a true nucleus; 

they have only a central nuclear area containing a loop chromosome and small circular DNA plasmids. The 
cytoplasm does not have membrane-bound organelles such as mitochondria.

• Eukaryotes – these are found in all other organisms and are characterised by having a true nucleus, one 
that is bound by a membrane and contains DNA packaged in chromosomes. The cytoplasm has a variety of 
membrane-bound organelles such as mitochondria and chloroplasts.

The structure of a cell is linked to its function. The size and 
shape of a cell and the organelles present in its cytoplasm 
are linked to the cell’s function and the way in which it 
carries out its function.

It is in the organelles (‘small organs’) that the essential cell processes are carried out – e.g. photosynthesis occurs 
in chloroplasts, respiration occurs in mitochondria, protein synthesis occurs in ribosomes. 

The basic structure of a cell can be seen using a school microscope that magnifies up to 400 times.

Introduction – Cells and cell processes

1. The photomicrograph is of 
animal cells. The animal cells 
are human cheek cells from 
the epidermis (‘outside layer’) 
of a human cheek. The cells 
were rubbed off from inside 
the mouth and stained with 
methylene blue.

 On the photomicrograph, 
label plasma (cell) membrane, 
nucleus and cytoplasm.

Only eukaryote cells are considered and assessed in  
AS 91156 (Biology 2.4).

Answers
p.  83
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2. The photomicrograph is of 
plant cells. The plant cells 
are from the epidermis of an 
onion bulb (from a layer torn 
off and stained with iodine).

 On the photomicrograph, 
label cell wall, nucleus and 
cytoplasm.

3. Compare the two photomicrographs in 1. and 2. and describe:
a. differences in shape and arrangement of the two types of cells

b. two differences in structure of the two cell types.

4. Onion bulbs grow underground. If the cells in the photomicrograph in 
question 2. were from the epidermis of the stem or leaf of an onion 
plant, what other structures would be present in the cells? Explain your 
answer.

 

Note that the cell (plasma) 
membrane for each onion 
cell shown is beneath the 
cell wall and not visible at 
the magnification shown.
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Cell structures and function
Cells are bound by a plasma membrane which encloses the cytoplasm and nucleus. The nucleus is the 
‘control centre’ of the cell, containing the chromosomes and typically has a dark staining area, the nucleolus.

The cytoplasm is made of cystol, which is mainly water but with many substances dissolved in it (e.g. sugars, 
amino acids, mineral ions). Some cell processes (e.g. glycolysis in respiration) occur in the cytoplasm; however, 
most cell processes occur in the organelles which are embedded in the cytoplasm:
• endoplasmic reticulum (ER) – series of membrane-bound pathways throughout the cytoplasm
• ribosomes – small granules found attached to the ER and/or free in the cytoplasm
• Golgi body (also known as the Golgi apparatus) – stack of membranes found in the cytoplasm close to or 

associated with the ER
• chloroplasts (plant cells only) – large oval organelles enclosing stacks of folded membranes
• vacuoles – sacs; large in plant cells, small in animal cells
• lysosomes – specialised vacuoles
• mitochondria – elongated oval organelles with their inner membranes thrown into folds
• centrioles (animal cells only) – short filaments found near the nucleus.

All plant cells have a cell wall (made of cellulose) surrounding the plasma membrane.

The following diagrams show the basic structure of an animal and a plant cell as might be seen under a school 
microscope.

cell membrane

cytoplasm

nucleus

cell membrane

vacuole (large)

nucleus

chloroplast
cell wall

Plant cell

The light microscope shows that plant cells may 
also contain chloroplasts and large vacuoles. A 
cell wall is present outside the cell membrane.

Animal cell

An animal cell viewed through a light 
microscope shows a nucleus, cell 

membrane and cytoplasm.

Cell structures and functions
1. The following diagrams show the detailed structure of an animal and a plant cell as might be seen under a 

TEM (transmission electron microscope). A TEM can magnify up to about 10 000 000 ×, whereas most light 
microscopes cannot magnify above 2 000 ×. The diagrams are simplified and composite pictures of actual 
photomicrographs from TEM microscopes. Photomicrographs of cells are very complex and crowded and 
therefore it is not always easy to identify structures in them.

 Use the preceding information, class discussion and/or the internet to identify the lettered structures (a.–k. 
for the animal cell, a.–m. for the plant cell).

 You can check your answers by looking at the table in 2.

Answers
p.  83
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 Animal cell
10–30 µm

a.

d.

c.

b.

h.

e.

i.

j.

f. (points to granules)

k.g.

Plant cell
10–100 µm

communication 
channel to  
adjacent cell

a.
d.

b.

h.

e.

i.

j.

c.

 (points to granule) f.

l.

g.

m.
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2. Do some research to identify the function for each of the structures in the diagrams of the animal cell and the 
plant cell, then complete the table that follows by giving the function of the structure.

Cell  
structure Name Function

a.
plasma 
membrane

b. cytoplasm

c. mitochondrion

d. Golgi body

e.
endoplasmic 
reticulum

f. ribosomes

g. vacuole

h. lysosome

i. nucleus

j. nucleolus

k. centriole

l. chloroplast

m. cell wall

L2 Life Processes LWB 2016 KP.indb   5 4/05/16   8:49 AM



6  Achievement Standard 91156 (Biology 2.4)

© ESA Publications (NZ) Ltd  –  ISBN 978-0-908340-19-4  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

3. Do some research and/or discuss with your partner or the class to answer the questions that follow. Give 
reasons why:
a. all plant cells have a cell wall, while animal cells never have a cell wall

b. some plant cells have chloroplasts, while animal cells never have chloroplasts.

4. Vacuoles are storage sacs found in both plant and animal cells. Typically, plant cells have fewer but much 
larger vacuoles than animal cells.
a. Give examples of substances that may be stored in vacuoles in animal cells.

b. Give two reasons why plant cells typically have larger vacuoles than animal cells.

5. The endoplasmic reticulum 
may be rough (which means 
that it has ribosomes attached 
to the membranes) or it may 
be smooth (as it does not 
have ribosomes attached). 
Ribosomes are the site of 
protein synthesis.

 The diagram shows the 
difference between rough and 
smooth ER.

nucleusnuclear  
membrane

ribosomes

rough 
endoplasmic 
reticulum

smooth 
endoplasmic 
reticulum

a.  Rough ER is common 
in secretory cells such 
as digestive cells, white 
blood cells, and endocrine 
cells.

ribosomes membranes

TEM micrograph of rough ER
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Transport across membranes – diffusion
It is essential that cells maintain a stable internal environment (the process of homeostasis) so that they have the 
required substances (e.g. glucose, oxygen, carbon dioxide, amino acids, mineral ions, nutrients) in the correct 
quantities for all the essential cell processes. These substances cross the plasma membrane (and membranes of 
organelles) either by passive transport or by active transport.

Passive transport occurs either by diffusion or by facilitated diffusion or osmosis; passive transport does not require 
energy.

Diffusion
Diffusion refers to the random movement of particles in liquids and gases. The result of this random movement 
is that there is a net movement of particles from an area where they are in high concentration to an area of low 
concentration.

The effect of diffusion of a gas may be experienced by smelling the spread of a perfume or odour throughout a 
room from the release point (where it is in high concentration).

Particles are 
moving randomly. Their 

concentration is higher on the 
left than on the right.

Later, more of the 
particles are on the 

right.

Eventually, the concentration of 
particles is the same throughout. The 
particles are still moving randomly, 

but overall there is no net movement.

Diffusion
A simple demonstration of diffusion may be seen when the sweets known as ‘M&M’s’ are placed in a dish of 
water. 

Fill one saucer (or Petri dish) with cold tap water and a second dish with hot tap water. Carefully place one ‘M&M’ 
in the water in each saucer or Petri dish and observe – leave set up for the remainder of the period. What do you 
have to do to make this a fair test? Another saucer or Petri dish can also be set up with two or more ‘M&Ms’ in it 
to observe any differences in diffusion patterns …

Record and explain your observations.

Answers
p.  85
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Solutions
The environment both inside and outside a cell is 
largely water with many substances dissolved in it (i.e. 
a solution). A solution is formed when particles (the 
solute) dissolve in a liquid (the solvent). When the 
solvent is water the solution is known as an aqueous 
solution. For a set volume of water, a concentrated 
solution will have many solute particles dissolved in 
the volume of solute; a dilute solution will have few 
solute particles dissolved in the volume of solute.

Concentrated solution Dilute solution

solute
(e.g. salt)

water

When two solutions of differing concentrations are separated by a membrane,  
a concentration gradient is said to exist.

Concentrated 
solution

Dilute
solution

membrane

membrane

Concentrations of both solutions are equal as there 
is the same number of particles per unit volume; the 

solutions are said to be in equilibrium.

The diagram shows a high concentration of solute 
particles in the RHS solution, a lower concentration 
of solute particles in the LHS solution; therefore, a 
concentration gradient exists.

Solute particles will diffuse across the membrane and, 
because of this difference in concentrations, there will 
be a net movement of solute particles from the 
concentrated solution to the dilute solution.

Net movement will cease when the two solutions have 
equal concentrations (the solutions have reached an 
equilibrium).

It may help to picture particles moving ‘down’ a 
concentration gradient as they move from high to low 
concentration …

As the movement of particles is random, particles 
move in both directions across the membrane but there 
will always be greater numbers of particles moving 
from where there are more of them to where there are 
fewer of them, i.e. a net movement from high to low 
concentration.
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Solutions
The environment both inside and outside a cell is 
largely water with many substances dissolved in it (i.e. 
a solution). A solution is formed when particles (the 
solute) dissolve in a liquid (the solvent). When the 
solvent is water the solution is known as an aqueous 
solution. For a set volume of water, a concentrated 
solution will have many solute particles dissolved in 
the volume of solute; a dilute solution will have few 
solute particles dissolved in the volume of solute.

Concentrated solution Dilute solution

solute
(e.g. salt)

water

When two solutions of differing concentrations are separated by a membrane,  
a concentration gradient is said to exist.

Concentrated 
solution

Dilute
solution

membrane

membrane

Concentrations of both solutions are equal as there 
is the same number of particles per unit volume; the 

solutions are said to be in equilibrium.

The diagram shows a high concentration of solute 
particles in the RHS solution, a lower concentration 
of solute particles in the LHS solution; therefore, a 
concentration gradient exists.

Solute particles will diffuse across the membrane and, 
because of this difference in concentrations, there will 
be a net movement of solute particles from the 
concentrated solution to the dilute solution.

Net movement will cease when the two solutions have 
equal concentrations (the solutions have reached an 
equilibrium).

It may help to picture particles moving ‘down’ a 
concentration gradient as they move from high to low 
concentration …

As the movement of particles is random, particles 
move in both directions across the membrane but there 
will always be greater numbers of particles moving 
from where there are more of them to where there are 
fewer of them, i.e. a net movement from high to low 
concentration.

Even though direction of movement is determined by a concentration gradient, few particles/molecules are able 
to diffuse freely through the bilayer of a membrane.

However, two molecules that do freely diffuse through the bilayer are the gases oxygen and carbon dioxide.
•  Oxygen, used by the respiratory process in mitochondria, will always be in lower concentration inside than 

outside a cell; oxygen therefore will always diffuse into a cell.
• Carbon dioxide, produced as a waste product in the respiratory process, will always be in higher 

concentration inside than outside a cell; carbon dioxide therefore always diffuses out of a cell.

Facilitated diffusion
Many particles, despite the existence of a concentration gradient, have to be assisted across the membrane – this 
is called facilitated diffusion because their passage is ‘made easier’. Having to be assisted across the membrane 
results from the bilayer being charged (i.e. not neutral) which prevents many particles being able to freely diffuse 
through it, such as:
• charged ions – e.g. Na+ and Cl–

• small polar molecules – e.g. H2O (although neutral overall, water molecules have a slightly negative charge 
on the oxygen and a slightly positive charge on each hydrogen – this charge separation is known as polarity)

• larger molecules – e.g. glucose, amino acids.

Substances requiring facilitated diffusion either diffuse 
through the protein channels (e.g. all ions, water) or 
through the carrier proteins embedded in and spanning 
the bilayer (e.g. glucose, amino acids). These carrier 
proteins are specific in their action, i.e. will only transport one type of substance (e.g. GLUT1 is a carrier protein 
found in almost all animal cell membranes and transports glucose across the membrane; aquaporins are protein 
channels that transport H2O across the membrane (aquaporins are very common in the cells of the kidney tubules)).

Internal environment

External environment

Carrier
proteins

Protein
channel

Cell membrane

Membrane bilayer showing protein channels and carrier proteins; carrier proteins change  
their shape temporarily during transport.

Some particles (e.g. very large molecules) are unable to diffuse across membranes despite a concentration 
gradient existing and despite facilitated diffusion – such particles must be actively transported (refer page 31).

The diffusion of oxygen and carbon dioxide is reversed in photosynthesis in plant cells – see pages 48 and 49.

O2 and CO2, being small, neutral molecules, do not have 
to be assisted across the membrane.
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Transport across membranes – diffusion
1. The difference in concentration between two areas is called the concentration gradient. The higher the 

concentration gradient, the faster the rate of diffusion. Other factors that affect the rate of diffusion are: 
temperature, size of particles, state (i.e. solid, liquid or gas) of particles.

 Do some research and give, with a reason, the effect of each of the following three factors on the rate of 
diffusion.

a. Temperature:

b. Size of particles:

c. State of particles – liquid and gas only:

2. Define the term concentration gradient.

3. State what is meant by the net movement of particles.

4. Give a reason why large molecules cannot pass freely across cell membranes.

5. State why both diffusion and facilitated diffusion are examples of passive transport.

6. State the meaning of the term specific with reference to carrier and channel proteins, and give an example.

7. Give reasons why oxygen diffuses freely across membranes but the diffusion of water is facilitated.

Answers
p.  85
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Answers

Introduction – Cells and cell processes (page 1)
1.

plasma (cell) 
membrane

nucleus

cytoplasm

2.
cell wall

nucleus

cytoplasm

3. a.  The cheek cells tend to be oval in shape and loosely packed 
together. The onion cells are elongated (pointed rectangles) in 
shape and tightly packed, resembling a brick wall.

 b.  Both cell types have cytoplasm and a nucleus (and a plasma 
membrane); the essential difference is the presence of a cell wall 
in the plant cells.

The presence of a cell wall is the key distinguishing feature between 
plant and animal cells – all plants cells have a cell wall made of 
cellulose surrounding their plasma membrane; animal cells are 
enclosed only in a plasma membrane.

Powerful transmission electron microscopes (TEMs) which magnify 
up to 400 000 times are needed to see cell detail; it is studies of 
cells using TEMs that has provided us with our current knowledge 
of cell structure.

4. Chloroplasts would also be present – these are the site of 
photosynthesis and occur in plant cells exposed to light (e.g. epidermis 
/ outer cells of stem and leaf) as light provides the (solar) energy 
needed for photosynthesis to occur.

 

Cell structures and functions (page 3)
1. Animal cell

a. plasma  
membrane

d. Golgi body

c. mitochondrion

b. cytoplasm

h. lysosome

e. endoplasmic  
reticulum

i. nucleus

j. nucleolus

f. ribosomes

k. centriole
g. vacuole

 Plant cell

communication 
channel to 
adjacent cell

a.  plasma  
membrane

d. Golgi body
b. cytoplasm

h. lysosome

e.  endoplasmic  
reticulum

i. nucleus
j. nucleolus

c. mitochondrion

f.  ribosomes  

l. chloroplast
g. vacuole

m.  cell wall

2. Cell 
structure Name Function

a.
plasma 
membrane

Boundary between cell and environment 
– a ‘gatekeeper’ maintaining stable cell 
environment

b. cytoplasm Cell matrix; contains the organelles
c. mitochondrion Site of aerobic respiration

d. Golgi body
Modifies proteins made by ribosomes, then 
secretes them

e.
endoplasmic 
reticulum

Transport network and involved in 
production of lipids (smooth ER) and 
proteins (rough ER)

f. ribosomes Site of protein synthesis
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g. vacuole
Storage sac (for various chemicals needed 
or produced by the cell)

h. lysosome
Specialised vacuole containing digestive 
enzymes

i. nucleus
Control centre for cell; contains 
chromosomes / DNA / genetic material

j. nucleolus Site of RNA production
k. centriole Forms the spindle in cell division
l. chloroplast Site of photosynthesis

m. cell wall
Rigid, supporting structure for cell (part of 
skeletal support system in whole plant)

3. a.  Plants have a cell wall to give a rigid support structure to each 
cell which contributes to the overall support / skeletal system in 
the plant. Animals have a distinct skeletal system for support.

 b.  Plant cells exposed to light have chloroplasts to photosynthesise 
and produce food in the form of glucose/starch – plants are 
autotrophs. Animals are heterotrophs.

Autotrophs are organisms that make their own food from 
inorganic materials using solar energy (plants) or chemical 
energy (bacteria). Heterotrophs are organisms that need to 
consume organic material for food – they can’t make their 
own food.

4. a.  Sugars, amino acids, mineral ions, pigments, waste products 
from metabolism.

 b.  Vacuoles in leaf cells store the (large amounts of) glucose made 
in photosynthesis. Vacuoles also contribute to the support of the 
cell by acting as a fluid ‘skeleton’. The vacuole swells as water 
enters and exerts (turgor) pressure on the cell membrane so the 
cell becomes rigid (refer to section on osmosis page 19 for 
further explanation).

5. a. i.  Secretory cells synthesise substances (e.g. proteins are 
synthesised by ribosomes) and then release the substances 
through the plasma membrane to the exterior for use by 
cells elsewhere in the body.

Secretion and excretion are two different processes. 
Excretion is the production and release of metabolic 
wastes by cells or organs, e.g. CO2 from respiration.

  ii.  Ribosomes are the site of synthesis of proteins, e.g. enzymes.

  iii. (1)  Pancreatic cells synthesise and secrete enzymes 
needed in digestion; enzymes are proteins.

  (2)  White blood cells synthesise and secrete antibodies 
to attack invading pathogens; antibodies are 
proteins.

  (3)    Pituitary gland cells synthesise hormones such as 
ADH, TSH, FSH; such hormones are proteins.

b. i.  Lipids are fats (including fatty acids and steroids) and oils.

   Some vitamins (e.g. A, D, E and K) are also classified as lipids. 

 ii.  Steroids include hormones such as oestrogen, testosterone, 
and progesterone. Therefore, ovary cells which produce 
and secrete oestrogen and progesterone, and cells of testes 
which produce testosterone, would have large amounts 
of smooth ER as this is associated with lipid synthesis. 
Vitamin D is also part of the steroid group, so dermal 
(skin) cells would have large amounts of smooth ER for 
production of vitamin D.

Vitamin D is produced by the skin in response to 
radiation from the Sun.

6. a.  A Golgi body consists of a stack of membrane sacs called 
cisternae. The cis face of a Golgi body is closest to the ER and 
receives incoming transport vesicles containing proteins. A vesicle 
combines with a cisterna and the protein moves from cisterna to 
cisterna being modified as it goes (e.g. a carbohydrate may be 
added to form a glycoprotein (glycoproteins form an essential 
part of the structure of the plasma membrane)) until it reaches 
the trans face which is closest to the plasma membrane. At this 
face, vesicles containing the end protein are budded off and will 
move to the plasma membrane to be secreted from the cell (a 
vesicle combines with the membrane to expel its contents).

 b.  Secretory cells typically synthesise and secrete proteins. If the 
proteins need modification, secretory cells may need several Golgi 
bodies to rapidly produce large amounts of the modified proteins 
(e.g. pancreatic cells, white blood cells, endocrine gland cells).

7. a.  Enzymes released from lysosomes in sperm break down the 
plasma membrane and cytoplasm of ova, allowing sperm to 
enter for fertilsation.

b. Phagocytes engulf and digest invading pathogens (e.g. bacteria). 
Enzymes from lysosomes will digest the engulfed pathogens, 
making them harmless.

8. a.  Ribosomes are located on the ER.

 b.  The cells make a large number of proteins and secrete them. 
Large numbers of ribosomes are needed by cells that make large 
amounts of proteins, and the Golgi body modifies and packages 
the proteins into vesicles for secretion. The cells of the small 
intestine are actively making and secreting proteins (the enzymes 
for digestion in the small intestine).

 c.  The microvilli increase the surface area of the membrane; this 
allows the rapid secretion of (large amounts) of the enzymes 
needed in digestion, and increases the surface area for 
absorption of digested food.

 d.  The cell makes and secretes large amounts of protein/enzymes 
for digestion. Synthesis and secretion of proteins need energy; 
therefore, large numbers of mitochondria are needed in the cell 
to supply the energy demands.

Cell membranes (page 12)
1. 

Structure Function

a. phospholipid 
bilayer

Provide essential structure (‘skin’) of 
the membrane and allow membrane 
to (re)assemble itself or repair itself if 
damaged.

b. fatty acid ‘tails’

c. glycerol-phosphate 
‘heads’

d. peripheral proteins May act as receptor (e.g. for hormones); 
may act as ID tags to distinguish ‘self’ 
from ‘foreign’ cells; may have a structural 
function; may be an enzyme. 

e. integral protein May act as channels for transport of 
substances in facilitated diffusion; may 
act as pumps for active transport of 
substances.

2. Membrane needs to assemble and reassemble to allow the cell to 
divide (mitosis and meiosis) and make new cells; to allow substances 
to be taken into and out of the cell in phagocytosis and pinocytosis; to 
seal off the contents when membrane is damaged, so repairing itself; 
to allow vesicles containing secretory products (e.g. from Golgi body) 
to combine, so contents are expelled (secreted) from the cell.

3. a.  Peripheral proteins are found on either the inside or the outside 
of the bilayer of the membrane; they do not extend through the 
membrane. Integral proteins extend through the membrane, so 
connect the outside to the inside of the cell.
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