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Magnification and scale bars p U T I B B SO LT L0 e
Biologists often need to do calculations involving the magnification EXAMPLE:

and sizes of images and specimens. The size of a specimen is how
large something actually is. The size of an image is how large the Tt represonts i Shictire thatihds
specimen appears in a drawing or a photograph. Magnification is how an actual size of 3pm, Determine the
much larger the image is than the actual size. This formula is used for magnification of the image.

these calculations:

The length of an image is 30 mm.

i size of image Either:
Magnifieation= =7+ + = A
= ‘ actual size of specimen 30mm =30 x 10° m

. : . . . 3pm = 3x10°m
The formula can either be memorized or it can be derived intuitively,

as we expect images that show enlargement to have a magnification Magpification =
greater than one. In these calculations it is important to use the same
metric prefixes for the sizes of the image and the specimen, for
example micrometres for both or millimetres for both, not
micrometres for one and millimetres for the other.

30 x l0?

x 10

=10 000 X

Or:

< ’ " 30mm = 30000 pm
Scale bars are sometimes used on drawings or micrographs.

A micrograph is a phongraph of .an image unde.r the microscope. Magnification = 30000
The scale bar consists of a line, with the actual size that the line 3
represents. For example if there was a 10 mm long scale bar on a =10 000 X

micrograph with a magnification of 10,000 X, the scale bar would
have a label saying “1 pm” above the scale bar.

3 The magnification of the human cheek cells from a
compound microscope (Figure 17) is 2000 X.
a) Calculate how long a 20 pum scale bar would be
on the image. [2]
b) Determine the length of the cheek cell. [2]

Data-based questions

1 a) Determine the magnification of the string of
Thiomargarita cells in Figure 15, if the scale bar
represents 0.2 mm [3]

b) Determine the width of the string of cells. [2]

Figure 15 Thiomargarita Figure 17 Human cheek cells

4 a) Using the width of the hen's egg as a guide,
estimate the actual length of the ostrich
egg (Figure 18). [2]
b) Estimate the magnification of the image. [2]

2 In Figure 16 the actual length of the mitochondrion
is 8 pym.
a) Determine the magnification of this electron
micrograph. [2]
b) Calculate how long a 5 pm scale bar would be
on this electron micrograph. [2]

c) Determine the width of the mitochondrion. [1]

Figure 18 Ostrich egg
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Osmosis in plant cells

If some plant tissue is bathed in a salt solution or a sugar solution for
a short time, water may enter or leave the cells in the tissue by
osmosis. If water leaves, the cytoplasm and plasma membrane are
pulled away from the cell wall. This is called plasmolysis and can be
observed using a microscope (see Figure 17). Entry and exit of water
can also be detected by changes in the mass of plant tissue.

Rediscovering biology: plasmolysis in red onion cells

Some varieties of onion have cells in the epidermis of their bulb scales
with red cytoplasm, due to the presence of anthocyanin pigments. It is
very easy to see the area occupied by the cytoplasm of these cells, so
they are useful in osmosis experiments.

Method

1 Peel off some red epidermis from the scale of an onion bulb.

2 Cut out a sample of it, about 5 x 5 mm.

3 Mount the sample in a drop of distilled water on a microscope slide,
with a cover slip.

4 Draw a diagram of a typical cell, labelling the cell wall and cytoplasm
and deducing the position of the plasma membrane.

5 Put a drop of 2% sodium chloride solution next to the cover slip and
draw it under the cover slip by touching the opposite side with paper
towel, to cause capillarity.

6 Observe the onion cells for a few minutes, and then draw a cell that
has altered in appearance. Again label the cell wall, plasma membrane
and cytoplasm.

7 Repeat the procedure in 5 using distilled water to replace the sodium
chloride solution.

Data-based question: osmosis in plant tissues

4 )

2 © Membranes

placed in salt solution

1 In the cells in distilled
water:

a) Deduce the location

of the plasma membrane.
b) Deduce whether water
moved in or out by
0Smosis.
€) Deduce whether the
pressure is higher or lower
than in the atmosphere.

2 Explain, using your knowledge
of the process of osmosis, the
effect of the sodium chloride
solution on:

a) the volume of cytoplasm of
the red onion cells

b) the position of the plasma
membrane inside the cells.

at 1.0 mol dm~* sodium chloride solution. [2]

2 Deduce which tissue had the lowest solute
concentration in its cytoplasm. Include how you
reached your conclusion in your answer. [2]

3 Suggest reasons for the differences in solute 40

concentration between the tissues. [3]
0

4 Explain the reasons for using percentage mass change
rather than the actual mass change in grams in this
type of experiment. [2]

If samples of plant tissue are bathed in salt or sugar 0 -
solutions for a short time, any increase or decrease in g
mass is due almost entirely to water entering or leaving 0] N i
the cells by osmosis. Figure 18 shows the percentage o KERNEL
mass change of four tissues, when they were bathed in
salt solutions of different concentrations. ol 5:::2:"::';32:&
1 a) State whether water moved into or out of the tissues % B / mol dm->
at 0.0 mol dm sodium chloride solution. [1] hMass 9 o oz o3 o708 03 1O
} x change e 5
b) State whether water moved into or out of the tissues o . BUTTERNUT

Figure 18 Mass changes in plant tissues bathed in
salt solutions
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Surface area to volume ratios in cells

In the cytoplasm of cells, large numbers of chemical reactions take
place. These reactions are known collectively as the metabolism of
the cell. The rate of these reactions (the metabolic rate of the cell)
is proportional to the volume of the cell.

For metabolism to continue, substances used in the reactions must be
absorbed by the cell and waste products must be removed.
Substances move into and out of cells through the plasma membrane
at the surface of the cell. The rate at which substances cross this
membrane depends on its surface area.

The surface area to volume ratio of a cell is therefore very important.
If the ratio is too small then substances will not enter the cell as
quickly as they are required and waste products will accumulate
because they are produced more rapidly than they can be excreted.

Surface area to volume ratio is also important in relation to heat
production and loss. If the ratio is too small then cells may overheat
because the metabolism produces heat faster than it is lost over the
cell’s surface.

Data-based question: size and surface area of
small mammals

1

1

1

1

1

: The micrographs on the right show two human cells and the cells of a

1 bacterium that can cause meningitis in humans. Each of the cells is

1 spherical. The diameter of the egg cell is 100um, the diameter of the white
1 blood cell is 10pum and the diameter of Streptococcus pneumoniae is 1 pm.
1

1 1 Using the formula 4 mr? calculate the surface area of each cell type. [3]
1

1 2 Using the formula 4 2 calculate the volume of each cell type. [3]

1

1 3 Calculate the surface area to volume ratio of each cell type by dividing
: the surface area in pm? by the volume in pm?. [3]

| 4 State what happens to the surface area to volume ratio of a sphere, as
: its diameter increases. [2]

I 5 Using surface area to volume ratios,

i a) Explain advantages to Streptococcus pneumoniae of its small size. [2]
! b) Suggest reasons for no human cells being larger than the egg cell. [2]
1
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Figure 22 Egg cell

same cube
unfolded

Figure 19 Volume and surface area
of a cube
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DNA structure and replication

Nucleotides and nucleic acids

DNA is a polymer of nucleotides. Nucleotides are molecules that
consist of three parts: a sugar, a phosphate group and a nitrogen-
containing ring structure called a nitrogenous base. Figure 2 shows
these parts. A polymer of nucleotides is called a nucleic acid. In the
polymer a covalent bond links the phosphate of one nucleotide to the OH OH
sugar of the next nucleotide.

e One example of a nucleic acid is ribonucleic acid or RNA. H0H2C 0 OH
» Another example is deoxyribonucleic acid, or DNA. H H

The sugar within DNA is deoxyribose and the sugar in RNA is ribose H H
(Figure 1). DNA is usually double stranded and RNA is single

stranded. The bases in DNA are adenine, cytosine, quanine and OH H
thymine. In RNA uracil is present instead of thymine. Figure 1 The sugar within DNA is
deoxyribose and the sugar in RNA is

ribose

Figure 3 A simpler representation of a

nucleotide
4
—@ ! Data-based question: Chargaff's data
| DNA samples from a range of species were analysed in terms of 1 Compare the base composition of
! their nucleotide composition by Edwin Chargaff, an Austrian Mycobacterium tuberculosis (a
1 biochemist, and by others. The data is presented in Table 1. prokaryote) with the base composition
i of the eukaryotes shown in the table.
[l source of DNA | Group | Adenine | Guanine | Cytosine | Thymine 2]
| Humen Memma 310 191 184 315 2 ﬁsﬁ‘;‘z‘:ﬂ:‘j ft(’)‘fnjy'caggu’:; s o
1
1 Salmon Fish 297 3 Evaluate the claim that in the DNA of
1 eukaryotes and prokaryotes the amount
: _—--_- of adanine and thymine are equal and
| Wheat the amounts of guanine and cytosine
| ——--—- i
H M 4 Explain the ratios between the amounts
1 Mycobacterium  Bacterium :
1 e of bases in eukaryotes and prokaryotes
1 in terms of the structure of DNA. [2]
H ------ 5 Suggest reasons for the difference in
: Polio virus Virus the base composition of bacteriophage
1
1

T2 and the polio virus. [2]
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Interphase and the cell cycle

The life of a cell can be thought of as an ordered sequence of events,
called the cell cycle. The cell cycle refers to the events between one cell
division and the next in a eukaryotic cell. It can be roughly divided into
interphase and cell division. Interphase is an active period in the life of a
cell when many metabolic reactions occur, including protein synthesis,
DNA replication and an increase in the number of mitochondria and/or
chloroplasts. It is not necessarily a period of preparation for mitosis, as a
cell can remain in interphase indefinitely.

Interphase consists of three phases,
the GI1 phase, S phase and G2 phase.
During the S phase the cell copies all
genetic material, so that after mitosis
both new cells have a complete set of
genes.

G,

Preparation for
mitosis

S

Each of the GI

chromosomes is Cellular contents, apart
duplicated from the chromosomes,
are duplicated.

Figure 3 The cell cycle

Data-based question: cell size and the cell cycle

Figure 4 shows the daily life cycle pattern of Emiliania huxleyi
(a species of phytoplankton) as observed under laboratory
conditions. The hypothesis is that the cell cycle appears to be
timed so that the light period can be used for photosynthesis
linked to growth whereas energy consuming processes can
occur in the dark, the daughter cells being prepared for
photosynthesis by the onset of the next day.
1 State the time of day when:
a) most DNA replication occurs
b) when mitosis is most likely to occur. [2]
2 Identify the cell cycle stage when most of the increase in
cell size is occurring. [1]
3 Evaluate the claim that the timing of the cell cycle in
Emiliania huxleyi is an adaptation to take advantage of
light resources. [3]

9% of population in phase
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Figure 4 The cell cycle in Emiliania huxleyi follows a
daily pattern





