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 1 Cell biology

Chapter summary – a reminder of the issues to be revised

Notes

1 Cells are the building blocks of living things. They are derived 
from other cells by division, and they are the site of all the chemical 
reactions of life (metabolism). A cell is the smallest unit of organization 
that we can say is alive. Cells are extremely small. They are measured 
in units of a thousandth of a millimetre (a micrometre or micron – µm), 
and they must be viewed by microscopy. In the laboratory, we view 
them by light microscopy using a compound microscope.

2 According to the cell theory, living organisms are composed of cells. 
Organisms that consist of only one cell carry out all the functions of 
life in that cell. Surface to volume ratio is important in the limitation 
of cell size. The evolution of multicellular organisms allowed cell 
specialization and cell replacement.

3 Multicellular organisms have properties that emerge from the 
interaction of their cellular components. Specialized tissues 
can develop by cell differentiation in multicellular organisms. 
Differentiation involves the expression of some genes and not others 
in a cell’s genome. Most multicellular organisms show a marked 
division of labour between cells. Here, cells are organized into 
tissues and organs, and these specialized cells lose the ability to 
divide and grow, although some cells retain this ability.

4 Stem cells are cells that have the capacity of repeated cell division 
while maintaining an undifferentiated state (self-renewal), and the 
subsequent capacity to differentiate into mature cell types (potency). 
In the development of a new organism, the first step is one of 
continuous cell divisions to produce a tiny ball of cells. All these cells 
are capable of further divisions and they are known as embryonic 
stem cells. The capacity of stem cells to divide and differentiate also 
makes stem cells suitable for therapeutic uses.

5 The invention of the electron microscope led to a greater 
understanding of cell structure because of its much higher resolution 
than light microscopes. The use of the electron microscope in biology 
has led to the discovery of two types of cellular organization, based on 
the presence or absence of a nucleus. Cells of plants, animals, fungi and 
protoctista have cells with a large, obvious nucleus. The surrounding 
cytoplasm contains many different membranous organelles. These 
types of cells are called eukaryotic cells (meaning a ‘good nucleus’). 
On the other hand, bacteria contain no true nucleus and their 
cytoplasm does not have the organelles of eukaryotes. These are called 
prokaryotic cells (meaning ‘before the nucleus’).

6 Examination of electron micrographs has revealed that the 
cytoplasm of the eukaryotic cell contains numerous organelles, 
some about the size of bacteria, suspended in an aquatic solution 
of metabolites (called the cytosol) surrounded by the cell surface 
membrane. Many of the organelles are membrane-bound structures, 
including the nucleus, mitochondria, chloroplasts, endoplasmic 
reticulum, Golgi apparatus and lysosomes. The organelles have 
specific roles in metabolism. The biochemical roles of the organelles 
are investigated by disrupting cells and isolating the organelles for 
further investigation.
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Notes

7 The nucleus, the largest organelle in the eukaryotic cell, is the 
organizing centre of the cell and has a double function. It controls 
the activities of the cell throughout life and it is the location of the 
hereditary material in chromosomes, which is passed from generation 
to generation in reproduction.

8 Chromosomes occur in the nucleus, but are only visible when 
stained at times of nuclear division. The number of chromosomes per 
nucleus for a species is fixed. Chromosomes occur in pairs and have a 
characteristic shape. 

9 The cell surface membrane is an organelle that surrounds and contains 
the cell contents. Across this membrane, there is a continuous movement 
of the molecules needed by cells or disposed of by them. The membrane 
consists of lipids and proteins, with a small amount of carbohydrate. 
The lipids are phospholipids, molecules of head (hydrophilic) and tail 
(hydrophobic) construction, organized into a bilayer with the heads on 
the outsides. The proteins are globular proteins arranged in, across and 
on the surface of the lipid bilayer. Short carbohydrate chains are attached 
to some of the proteins and lipids on the outside of the membrane.

10 The cell membrane is described as a fluid mosaic, as the components 
(particularly the lipids) move about laterally, relative to each other, and 
the proteins appear to be randomly scattered about. Our understanding 
of this membrane structure is based on a significant body of evidence.

11 There are three mechanisms of transport across membranes. In 
diffusion (and osmosis, a special case of diffusion) the energy comes 
from the kinetic energy of matter. In active transport (pumping) 
and in bulk transport, the energy is provided indirectly from cell 
metabolism, via ATP.

12 Diffusion occurs from a region of high concentration to a region of 
low concentration. The lipid bilayer of the cell surface membrane 
acts as a barrier, at least to polar substances. Polar substances, such 
as water, diffuse through tiny pores or small spaces in the bilayer. 
Some molecules react with membrane proteins to open a specific 
channel (facilitated diffusion). Osmosis is the diffusion of free 
water molecules across a partially permeable membrane, from pure 
water or a dilute solution (water in high concentration) into a more 
concentrated solution (free water molecules in low concentration).

13 Active uptake is a selective process, and involves the accumulation 
of ions and organic substances against a concentration gradient. 
The process is powered by metabolic energy, and involves highly 
specific protein molecules in the membrane that act as pumps. 
Bulk transport is the movement of the contents of vesicles (tiny, 
membrane-bound sacs) of matter, solid or liquid, into (endocytosis) or 
out of (exocytosis) the cell.

14 There is an unbroken chain of life from the first cells on Earth to 
all cells in organisms alive today. The origin of eukaryotic cells can 
be explained by the endosymbiotic theory. The first cells must have 
arisen from non-living materials. Now cells can only be formed by 
division of pre-existing cells.

15 Cell division is preceded by nuclear division. When the nucleus 
divides the chromosomes divide first. After the nuclear division known 
as mitosis, each of the two daughter cells has the same number of 
chromosomes as the parent cell. Mitosis is associated with the cell 
divisions of growth and asexual reproduction in eukaryotic cells.
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Data handling questions
■■ Estimating sizes of organelles

1 A highly magnified electron micrograph of the bacterium Escherichia coli was accompanied 
by a scale bar of length 23 mm and labelled one micrometre. The following features were 
measured. Copy and complete the table. Express their actual size in appropriate units.

Feature Measurement on scale bar Actual size

thickness of the wall 1 mm

length of a flagellum 32 mm

width of the cell 24 mm

length of the cell 55 mm

2 A highly magnified electron micrograph of an animal cell was magnified ×9600. 
The following features were measured. Copy and complete the table.  
Express their actual size in appropriate units. 

Feature Measurement on scale bar Actual size

diameter of the nucleus 56 mm

length of a mitochondrion 16 mm

width of the cell 14 cm

diameter of a lysosome 4 mm

pore in the nuclear envelope 3 mm

length of the cell 25.5 cm

■■ Estimating the length of the phases of mitosis
Using slides they had prepared to observe chromosomes during mitosis in a plant root tip, 
five students observed and recorded the number of nuclei at each stage in mitosis in 100 cells. 
They recorded their results in the following table.

Stage of mitosis

Number of nuclei counted by student

1 2 3 4 5

prophase 64 70 75 68 73

metaphase 13 10 7 11 9

anaphase 5 5 2 8 5

telophase 18 15 16 13 13

1 Calculate the mean percentage of dividing cells at each stage of mitosis. Present your 
results as a pie chart.

2 Assuming that mitosis takes about 60 minutes to complete in this species of plant, deduce 
what these results imply about the lengths of the four steps.

■■ An analysis of diffusion rates
Imagine that students were provided with cubes of slightly alkaline gelatine of different 
dimensions, containing an acid–alkali indicator that is red in alkalis but yellow in acids. 

The cubes were placed in dilute acid solution, and the time taken for the colour in the gelatin 
to change from red to yellow was measured.

These are the results.

Dimensions/mm Surface area/mm2 Volume/mm3 Time (minutes)

10 × 10 × 10 600 1000 12

5 × 5 × 5 150 125 4.5

4 × 4 × 4  96  64 4.2

2.5 × 2.5 × 2.5 37.5 15.6 4.0

1 For each block, calculate the ratio of surface area to volume (SA/V).

2 Plot a graph of the SA/V ratio (horizontal or x axis) against the time taken for the colour 
change (vertical or y axis).

3 Explain why the colour change occurs more quickly in some blocks than others.

The answers for 
factual recall 
questions are 
available online. 
Other questions 
are designed to be 
tackled alone or 
in groups, where 
the outcomes can 
be discussed with 
peers or tutors, for 
example, or done as 
a homework activity.
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‘Do and understand’ activities
■■ Complete the text

1 Review the following passage and then make a list of the missing words.

 Animal and plant cells have at least three structures in common. These include their  
 and . Additionally, 

all cell are surrounded by a . In addition, there 
are many tiny structures, present within cells, called , most of 
them common to both animal and plant cells. We have learnt about the structure of these 
using the .

2 There are some important basic differences between plant and animal cells. Detail these 
by copying and completing the table below.

Plant cells Animal cells 

cell wall

chloroplasts

permanent vacuole

centriole

carbohydrate storage product

■■ Magnification and resolution
The tints illustrated below are composed of dots of different sizes. If you use a hand lens you will 
be able to see all are composed of small dots printed close together. The dots are of different 
sizes and clearly printed at different distances apart. Using the experience of examining these 
samples, explain the differences between magnification and resolution, as used in microscopy.

■■ Using the compound and electron microscopes
1 Put the following steps for setting up a light microscope with slide for viewing into the 

correct sequence:

a Select the medium objective lens (×10). Turn the coarse focusing knob to bring the lens 
as close to the slide as possible.

b With part of the specimen to be examined in the centre of the field of view, swivel the 
nosepiece (revolving turret) round, so that the high-power objective lens is in line.  
Look down the eyepiece and focus with the fine focusing knob. 

c Place the slide on the stage with the specimen for examination near the centre of the 
hole. Arrange the light source so that the slide is illuminated. Check the adjustment of 
the condenser (to be as high as possible) and that the iris diaphragm is about half open. 

d Look through the eyepiece and turn the focusing knob to move the objective lens away 
from the slide until the object comes into focus. 

2 The fine structure of cells is observed using the electron microscope.

a What features of cells are observed by electron microscopy that are not visible by light 
microscopy?

b State two problems that arise in electron microscopy because of the nature of an 
electron in relation to the living cell.

1 2
3

4

5
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■■ Prokaryote and eukaryote cells compared
Define your understanding of the differences between prokaryotic and eukaryotic organization 
by copying and completing the following table.

Prokaryotes  
(e.g. bacteria)

Eukaryotes (e.g. mammals,  
green plants and fungi)

cell size

nucleus

cell wall

organelles

site of protein synthesis

cilia and flagella

differences in metabolism (e.g. of dinitrogen, N2)

■■ The pattern of organelles in specialized cells
There is great variety in the shape and size of cells – a variation that often reflects a particular 
role in the life of a multicellular organism. However, not only do external features differ, the 
cell contents vary, too.

We study the detailed structure of cells with the aid of the electron microscope. This is 
because the sub-structures of cells – their organelles – are too small to be seen or resolved 
by light microscopy. The structure and role of the range of these organelles found in 
eukaryotic cells was introduced on pages 19–26.

Remind yourself of the structure and role of the organelles of eukaryotes, now.

1 Can you make a complete list of organelles found in eukaryotic cells from memory and add 
a note of the chief function or role of each?

 The pattern of organelles in cells – the numbers of different types present, for example – is 
often found to vary with the main role or specialization of particular cells. We can illustrate 
this by examining enlarged images of selected cells obtained by transmission electron 
microscopy. In fact, we may be able to speculate accurately about the roles they fulfil in organs 
and tissues of the multicellular organism.

2 Overleaf are electron micrographs of three different cells (A, B and C).

■ Carefully examine each electron micrograph in turn.

■ Draw a table with four columns and ten rows.

■ In the first column, list the organelles whose structure and roles are explained in 
Chapter 1, pages 19–26.

■ Then record the presence of each type of organelle that you can confidently identify in 
cell A (second column), cell B (third column) and cell C (forth column) – by means of 
a tick.

 Remember, a section through a cell is likely to expose some but not necessarily all of the 
organelles present, especially if their numbers are limited. Illustrations like Figure 1.21 on 
page 21 are idealized representations of the complete range of organelles of eukaryotic cells.

■ Finally, record your suggestion of the chief role or activity of the cell and suggest organs 
or tissues in a multicellular organism where they are likely to occur. Give your reasons.

 It may be helpful to compare your results with those of your peers, and discuss your 
interpretations with your teacher or tutor.

3 Notice that the magnifications of these electron micrographs are recorded. Using this 
information, it is possible to estimate the actual length of each cell, expressed in μm. (See 
‘Linear magnification and actual sizes of images and objects’ in Appendix 2, pages 13–14.)

 Is there a significant difference in the size of cell A compared to those of cells B and C 
that you could draw attention to?
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Electron micrograph of cell A (x15500)

Electron micrograph of cell B (x8 000)



‘Do and understand’ activities 7

Biology for the IB Diploma, Second edition © C. J. Clegg 2014 Published by Hodder Education

Electron micrograph of cell C (x70000)
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Further study
■■ Web resources

▶ The virtual cell: 
www.johnkyrk.com/index.html

▶ Biology4all Public Resources library – investigate the ‘Cell information package’: 
www.biology4all.com/resources_library/index.asp

■■ Further reading
Articles in recent editions of ‘Biological Sciences Review’:

▶ ‘What is endoplasmic reticulum?’, 23.1, pp.12–14 (Sept 2010)
▶ ‘Plastids’, 24.3, pp.16–21 (Feb 2012)
▶ ‘Programmed cell death’, 25.4, pp.10–13 (Apr 2013)
▶ ‘Prokaryotic vs eukaryotic cells’, 26.2, pp.20–21 (Nov 2013)
▶ ‘Protein secretion’, 26.3, pp.22–25 (Feb 2014)
▶ ‘Protein folding: Principles and problems’, 27.1, pp.2–5 (Sept 2014)


