[image: image1.jpg]. N SN
How science works 100k
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Chioroplasts:

biosynthetic

cientists make observations and from them form

hypotheses and pose questions. They attempt to answer
the questions by performing experiments from which they
gain further information. This approach is progressive,
gaining more detailed information from successive observa-
tions and experiments. This article mirrors this process and
should allow you to work out some basic information about
the function of chloroplasts. Have a go at answering each
question before you move on to the next.

First, the basics, most of which you probably already
know. Eukaryotic cells contain a range of different organelles
or components, for example nucleus, mitochondria, ribo-
somes and Golgi bodies. Regardless of the starting material
and the organelle of interest, the approach of all biochemists
is similar. Those of us interested in plants first break the cells
open and then isolate the chloroplasts in order to study them
in detail.

A cross-section of a leaf is often presented diagrammatically
as shown in Figure 1. One of the most prominent features of
the palisade cells is the chloroplasts. These are green because
they contain the pigment chlorophyll. It is chlorophyll that
gives plants their characteristic colour and enables them to
absorb energy from sunlight and use it in the production of
sugars and starch via photosynthesis.

Chloroplasts are flat, disc-like structures, 2-10 pm in diam-
eter and 1 pm thick (see Figure 2). They are surrounded by an
outer and an inner membrane. The material inside the double
membrane of the chloroplast is known as the stroma. Within
the stroma are membranous sacs called thylakoids. The
thylakoids are the site of photosynthesis. They are flattened,
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Figure 1 Cross-section of a leaf.
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sheath cell
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disc-shaped structures stacked into grana (singular granum).
Within the thylakoid is the lumen where photosynthesis
occurs. The chloroplast often contains large grains of starch,
a storage product of photosynthesis.

Questions to answer
The answers to the following questions are given at the end
of this article.

1 Photosynthesis can be quickly and casily detected by
staining the starch produced with iodine. This gives a
blue-black colour. The reaction could form the basis of a
simple experiment on the role of light. If one plant is put in
a cupboard in darkness for 24 hours and another remains on
a windowsill in full daylight, how could you use iodine
staining to determine the impact light has on photosynthesis
and what would you expect to see?

2 What are the disadvantages in using staining of starch as
a measure of photosynthesis?

3 Based on your knowledge of photosynthesis and the
reactions that it involves, are there any other ways that you
can think of to measure photosynthesis in the leaf?

4 All the approaches described to this point have used
whole plants or parts of plants. To confirm that photosynthesis
happens in chloroplasts and not some other organelle in the
leaves, we can isolate chloroplasts. The first stage of this is to
release the organelles from the leaf. The key to this step is to
use sufficient force to break the cellulose cell walls
surrounding the plant cell. However, it is also necessary to be
sufficiently gentle so as not to damage the organelles. How
would you release organelles from leaf tissue?
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Figure 2 Cross-section of a chloroplast.
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TERMS explained

Leucoplasts Colourless non-photosynthetic plastids.

Osmotically buffered solution Solution prepared to contain sugars
at equivalent concentrations to that of the organelles.

Proplastid Undifferentiated plastid capable of developing into any
other plastid type.

Sucrose density gradient A density gradient of sucrose prepared in
a centrifuge tube with a higher concentration of sucrose at the bottom
and a lower concentration of sucrose at the top.

5 All stages of releasing and isolating the chloroplasts from
the leaf tissue are carried out on ice. Why is the isolation
carried out at low temperature? What would you expect to
happen if you did the isolation at room temperature?

6 By finely chopping the leaf tissue the organelles are
released as a crude extract. They are released into an
osmotically buffered solution pH 7.5 containing sugar.
Why shouldn’t you release the organelles into water?

7 The crude extract is filtered through muslin and the solu-
tion retained for the next step. Why is this done?

Chloroplasts are then separated from the crude extract by
taking advantage of the knowledge that ditferent organelles
behave differently in a centrifugal field due to differences in
size and density. This can be exploited by using, for example,
a sucrose density gradient that effectively separates different
organelles based on their density.
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Figure 5 Coloured transmission electron micrograph of leucoplast from
pea roots. x6000

8 When a crude extract is placed on top of a 30-60%
sucrose gradient and centrifuged at high speed, ditferent fami-
lies of organelles will sediment at a particular point in the
gradient equalling their own specific density (see Figure 3). So
how could you find out where the chloroplasts are on the
gradient and whether they are the site of photosynthesis?

9 Chloroplasts belong to a family of organelles known as
plastids. All plant cells contain plastids. There are a variety of
ditferent plastid types present in plants (see Figure 4). They
range from being small and inconspicuous to being large,
pigmented and very conspicuous organelles. Specific plastid
types are usually found in specific tissue (see Figure 4). Using
the information in Figure 4, why do you think these organelles
are all considered to belong to the same family of plastids?

10 Plastids are often described as the biosynthetic power-
houses of the plant cell. If this is because of chloroplasts and
their role in photosynthesis, you would expect all plant cells
to contain chloroplasts. How could you test this hypothesis?

11 Using approaches similar to those discussed above it is
possible to isolate other plastid types from different plant tissue.
For example leucoplasts can be isolated from root tissue (see
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Figure 5). Based on how the leucoplasts look, and the tissue
from which they are isolated, would you expect them to be
capable of photosynthesis? Explain your reasoning.

12 The development of separation techniques means that
organelles belonging to the plastid family have now been
characterised. From such studies it is clear that members of
the plastid family are vital for undertaking a range of key

Answers

1 Leaves could be removed from the plant and placed in an
iodine solution to see if they turn blue-black in colour. The
blue-black colour is a measure of starch formation, which
can be taken as a measure of photosynthesis. The leaf from
the plant on the windowsill would be expected to be actively
photosynthesising and forming starch and so stain much
more with iodine than the leaf from the plant placed in the
dark.

2 The use of iodine staining of leaf tissue is a fairly crude
approach. Leaves have to be detached, decolorised in hot
alcohol, rinsed and then the iodine applied. Although the
leaf will stain, it will not be clear where exactly starch forma-
tion happens. The stain is measuring starch formation but
photosynthesis is not necessarily followed by production of
starch. Finally, the amount of starch produced and/or used
will be affected by other metabolic processes happening
within the plant.

3 Photosynthesis fixes carbon dioxide and produces oxygen
— so either of these processes could be measured. The
photosynthetic pathway consists of a light-dependent and a
light-independent pathway during which a number of
carbon-containing molecules are produced and broken
down. It is possible to measure the appearance and disap-
pearance of these molecules.

4 This can be done in several ways, such as slicing the leaf
up into small pieces with a knife or razor blade. Alternatively
the leaf tissue can be gently chopped into small pieces
using a food blender. In either approach the rapid slicing of
the leaf is a good means of cutting open at least some of the
cells and releasing the organelles into the isolation solution.

5 On breaking the tissue and releasing the organelles,
several enzymes and proteins capable of destroying the
chloroplasts will be released. To minimise this damage the
isolation is carried out in the cold. In addition, there are
many enzymes present in the chloroplast which upon isola-
tion will only be fully functional for a short period of time. By
carrying out the isolation on ice it is possible to reduce the
activity of these enzymes and thus to stabilise them. Once
the chloroplasts have been isolated, they can be placed at
warmer temperatures to reactivate the enzymes they
contain.

6 The leaf contains a wide range of different organelles. On
release from the tissue, the contents of the organelles will
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processes in a plant including the production of amino acids,
fatty acids and the synthesis of starch. Why are these processes
important to humans?

P Based on the information above, draw a flow diagram for
the isolation of chloroplasts from plant leaf tissue.

» What types of tests might you do to confirm that a partic-
ular plastid type has a role in the production of amino acids
or fatty acids?

P Think of another organelle you could isolate. What
hypotheses would it allow you to test?

Dr Caroline Bowsher is a lecturer at the University of Manchester.
Her research interests include understanding the way metabolism
is regulated in different forms of plastids.

often also be released. Vacuoles in particular contain very
acid contents, which would damage other organelles, and
this pH change must be prevented by using buffers. An
osmoticum in the form of a sugar is included to stop the
organelles bursting as a result of taking up water through
their differentially permeable membranes.

7 Filtering the crude extract removes cell debris, unbroken
cells and cell wall fragments released by chopping up the
tissue.

8 You might expect to see a green area where the chloro-
plasts containing chlorophyll are located. If samples are
removed from the gradient, they can be examined under a
light microscope to see if chloroplasts are visible. The
sample could also be used in any of the approaches
described above to measure photosynthesis.

9 All plastids have an envelope of two membranes
surrounding them — this is a classic feature of all plastid
types. All plastids originate from a proplastid and are theo-
retically interchangeable between different types.

10 Take a plant and remove different parts of the plant —
for example, flowers, roots, fruit, stems — and stain for
starch with iodine. Compare plants placed in the light and
dark and see if the different plant parts still stain the same
for starch.

Take sections of different plant parts and look at them under
the light microscope to see if you can see chloroplasts.

A combination of the processes described in answers 1
and 3.

11 The leucoplasts lack thylakoid structures, which are the
site for photosynthesis. They are isolated from root tissue.
Roots are found in the soil and are not generally exposed to
sunlight, so they would not be expected to be capable of
photosynthesis.

12 Amino acids, fatty acids and starch are all key compo-
nents used by humans for food. Some amino acids and fatty
acids are only available from plant sources.

Many forms of starch and fatty acids have industrial appli-
cations (see ‘Further reading’).

Understanding where specific processes occur in a plant
provides scientists with scope to exploit this knowledge in
terms of identifying ways in which these products can be
produced in the plant.
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