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Introduction

In this session, sub-topics are arranged into an order outlining the different modes of   obtaining
energy for maintaining the biological activities by organisms. The Sub-session 1.1 deals with the
organism and introduces the different kinds of autotrophs. Similarly, the sub-section 1.2
discusses the heterotrophs and the sub-session 1.3 introduces you to the associated structures of
photosynthesis. The sub-section 1.4. and subsection 1.5 discuss the Leaf structure in relation to
the photosynthesis and Light absorption by the chloroplast.

1.1 Autotrophic organisms

Plants require materials and energy to grow and to carry out and maintain their living activities.
Plants from their environment obtain these materials and energy. The material required may be
divided into two main categories; namely, the minerals and the carbon containing substances.
The minerals are usually absorbed through roots as salts dissolved in water. The carbon
containing materials, the plants from carbon dioxide or already synthesized carbon containing
molecules, which are absorbed, by the plants, synthesize the organic food.

Thus, living organisms are divided into two main categories; the autotrophs and the heterotrophs
based on the manner in which they obtain their carbon containing foods.

These “self-nourishing” organisms synthesize or manufacture their own carbon food from
carbon dioxide absorbed from the environment. In these organisms carbon dioxide is usually
transformed (reduced) into sugars and energy is required for this reaction process. Autotrophs are
classified into two broad categories, based on the nature of the energy that is used to reduce the
carbon dioxide.

Phototrophs

Autotrophs

Chemotrophs



3

Produced by The Open University of Sri Lanka

2014

a) Photrotrophs

The phototrophs (also referred to as photoautotrophs) use the energy of sun light to reduce
carbon dioxide to sugars. All green plants and certain bacteria are phototrophs. They are said to
be photosynthetic since they carry out a process referred to as photosynthesis.

b) Chemotrophs
These organisms obtain energy necessary to reduce carbon dioxide from certain chemical
reactions such as oxidizing inorganic substances such as ferrous compounds. Hence, energy of
chemical reaction is harnessed to reduce carbon dioxide. These organisms are also referred to as
chemosynthetic autotrophs. Many species of bacteria may be sited as examples of this group.
Some iron bacteria derive the energy for carbon dioxide reduction and carry out the following
reaction in which ferrous carbonate is oxidized to ferric hydroxide

4 FeCO3 + O + 6 H2O ----------------4 Fe (OH) 3 + 4 CO2 +        Energy

1.2 Heterotrophs

These organisms obtain their carbon-containing food from organic molecules that have already
been manufactured (or synthesized) by autotrophs. Thus heterotrophs are not self-nourishing or
are incapable of manufacturing their own food. All animals, fungi, most bacteria and a few
species of plants are heterotrophs. Heterotrophs are either parasites or saprobes (decomposers).

Parasitic heterotrophs
These live on or in other living organisms (referred to as the host) absorbing food from them.
Saprobes or saprophytes live on dead organic materials such as dead wood, clothing, bread etc.
Saprobes secrete digestive enzymes onto the dead organic matter, digest the carbon containing
complex materials into simple and soluble forms such as sugars and amino acids and absorb it.
Thus saprobes bring about decomposition of organic matter. If not for the activity of the
saprobes, the earth’s surface would soon be covered with dead remains of plants and animals.

1.3 Photosynthesis

The process of production of food by green plant using light, water and carbon dioxide is called
photosynthesis (photo = light, synthesis = putting together). It   is believed that first
photosynthetic organism probably appeared on the earth 3 to 3.5 billions of years ago. However,
with the evolution of photosynthesis, organisms began to change the face of the planet and as a
consequence, has strong influences on each other. Organisms have continued to change the
environment, at ever-increasing rate, up to the present day.

It was hypothesized that there were slowly evolved photosynthetic organisms that used carbon
dioxide as their carbon source and released oxygen, as do most modern photosynthetic forms. As
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these photosynthetic organisms multiplied, they provided a new supply of organic molecules,
and free oxygen began to accumulate. In response to these changing conditions, cell species
arose for which oxygen was not poison but a requirement for existence.

The oxygen-consuming organisms have an advantage over those that do not use oxygen. A
higher yield of energy can be extracted from oxidation of carbon-containing compounds than
from anaerobic processes, in which fuel molecules are not broken down completely. Energy
release in cells by reactions using oxygen made possible the development of increasingly active,
increasingly complex organisms.  Without oxygen, the complex forms of life that now exist on
the earth could not have evolved.

Photosynthesis is a unique process in that it converts light energy into chemical energy. It traps
or stores energy of sun light in the form of carbon compounds. Sun light is the main form of
energy that flows through all living organisms, since all living organisms (except a few
chemosynthetic autotrophs) ultimately depend on the photosynthesizing plants for their food and
energy requirement.

The process of photosynthesis is usually expressed by a simple equation as follows:

As indicated in the equation, during photosynthesis carbon dioxide and water are made use of
for the formation of sugar, in the presence of chlorophyll and light. Oxygen is evolved during the
process. However, in reality, photosynthesis is a more complex process involving a series of
reactions. During photosynthesis carbon dioxide is said to be reduced to the level of a sugar (note
that carbon dioxide has gained hydrogen to form sugar). It is also referred to as carbon dioxide
fixation.

a. Site of Photosynthesis
In most green plants photosynthesis takes place within chloroplasts. However, in
photosynthesizing   prokaryotes, the cyanobacteria and certain bacteria – there are no
chloroplasts and photosynthesis takes place on the photosynthetic lamellae dispersed in the
general cytoplasm.

The structural unit of photosynthesis is the thylakoid, which usually takes the form of a flattened
sac, or vesicle. In the photosynthetic prokaryotes, thylakoids may form a part of the cell
membrane, or they may occur in the cytoplasm or, as in the cyanobacteria, they may be part of
an elaborate internal membranous structure. In eukaryotes, the thylakoids form a part of the
internal membrane structure of specialized organelles, the chloroplast. The alga
Chlamydomonas, for instance, has a single very large chloroplast; the cell of a leaf
characteristically has 40 to 50 chloroplasts, and there are often 500,000 chloroplasts per square
millimeter of leaf surface (Figure 1.1).
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Figure 1.1: Micrograph showing chloroplast

b. The structure of the Chloroplast
Chloroplasts, resemble the mitochondria, are surrounded by two membranes that are separated
by an intermembrane space (Figure 1.2). The inner membrane, unlike that of the mitochondrion,
is smooth. The thylakoids, interior of the chloroplast, constitute a third membrane system.
Surrounding the thylakoids, and filling the interior of the chloroplast, is a dense solution, the
stroma, which is different in composition from the material surrounding the organelles in the
cytoplasm. The thylakoids, as we noted earlier, are flattened sacs, or vesicles; they enclose an
additional compartment, known as the thylakoid space. Thus, whereas the mitochondrion   has
two membrane systems (the outer and the inner) and two compartments (inter membrane space
and the matrix), the chloroplast has three membrane systems (outer, inner, and the thylakoids)
and three compartments (inter-membrane space, stroma, and thylakoid space).

With light microscope under high power, it is possible to see little spots of green within the
chloroplast of a leaf. The early microscopists called these green specks grana and this term is still
in use.  Under the electron microscope, it can be seen that the grana are stacks of thylakoids.
Some of the thylakoid membranes have extensions that interconnect the grana through the
stroma that separates them.

All the thylakoids in a chloroplast are oriented parallel to each other. Thus, by swinging toward
the light, the chloroplast can simultaneously aim all of its millions of pigment molecules for
optimum reception.
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Figure 1.2: Structure of   chloroplast

The internal structure or the microstructure of the chloroplast is very closely linked up with the
process of photosynthesis. Hence, if the structure of the chloroplast is destroyed or mutilated,
photosynthesis will not take place for too long. As stated earlier photosynthesis involve a series
of reactions and most of these reactions are catalyzed by enzymes. These enzymes are located
within the chloroplasts.

c. Photosynthetic pigments
In order for light energy to be used by living systems, it must be first absorbed. A pigment is any
substance that absorbs light. Some absorb only certain wavelengths, transmitting or reflecting the
wavelengths they do not absorb. Chlorophyll, the pigment that makes leaves green, absorbs light
in the violet and blue wavelengths and also in the red; because it reflects green light, it appears
green. Different pigments absorb light energy at different wavelengths. The absorption pattern of
a pigment is known as the absorption spectrum of that substance.

Different groups of plants and algae use various pigments in photosynthesis. There are several
deferent kinds of chlorophylls that vary slightly in their molecular structures. In plants,
chlorophyll  is the pigment which is directly involved in the transformation of light energy to
chemical energy. Most photosynthetic cells also contain a second type of chlorophyll – in plants,
is chlorophyll b – and a representative of another group of pigment called the carotenoids. One
of the carotenoids found in the plants is beta-carotene. The carotenoids are red, orange, or yellow
pigments. In green leaf, their colour is masked by the chlorophylls, which are more abundant. In
some tissues, however, such as those of ripe tomato, the carotenoid colours predominate; as they
do also when a leaf stop synthesizing chlorophyll in the fall.

The other chlorophylls and the carotenoids are able to absorb light wavelengths different from
those absorbed by chlorophyll a. They apparently can pass the energy on to chlorophyll a, thus
extending the range of light available for photosynthesis.
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An action spectrum defines the relative effectiveness (per number of incident photons) of
different wavelengths of light for light-requiring processes, such a photosynthesis, flowering,
photoperiodism, and vision. Similarity between the absorption spectrum of a pigment and action
spectrum of a process is considered evidence that a particular pigment is responsible for that
particular process.

When pigment absorbs light, electrons are boosted to a higher energy level. Three of the possible
consequences are:

a) the  energy may be dissipated as heat,

b) it may be re-emitted  immediately as  light energy  of long wavelength, a phenomenon
known as fluorescence;

c) the energy may cause a chemical reaction, as happens in photosynthesis.

Whether or not a particular pigment can cause a chemical reaction depends not only on its
structure but also on its relationship with neighbour molecules. For example, if chlorophyll
molecules are isolated in a test tube and light is permitted to strike them, they fluoresce. In other
word, the molecules absorb light energy, and electrons are momentarily raised to a higher energy
level and the fall back again to a lower one. As they fall to a lower energy level, they release
much of this energy as light. None of the light absorbed by isolated chlorophyll molecules is
converted to any form of energy useful to living system. Chlorophyll can convert light energy to
chemical energy   only when it is associated with certain proteins and embedded in a specialized
membrane.

In summary, the light energy made use of in the photosynthesis reduction of carbon dioxide is
absorbed by pigments present in the chloroplasts. In the green algae and higher plants, the
pigments present in the chloroplasts are:

a) Chlorophyll “a”
b) Chlorophyll “b”
c) Xanthophylls (carotenols)

d) Carotenoids

Among these, the chlorophyll is the major and the more important pigment for photosynthesis.
Chlorophyll “a” is present in all photosynthesizing plants and is essential for the process of
photosynthesis. The other pigments may or may not be present in the different groups or species
of plants. There are different proportions in the various species of plants. The various groups of
algae contain other types of photosynthetic pigments such as phycobilins, in addition to the
chlorophylls.

The chloroplastic pigments are arranged on the lamellae of the chloroplast a very thin layer to
facilitate maximum absorption of light on them. The pigments are more concentrated in the
thylokoid discs containing the grana.
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Leaf structure and photosynthesis
The leaf is the main plant organ which carries out photosynthesis in higher plants. Most leaves
are flat possessing a large surface area to permit maximum absorption of light. Nearly all cells of
the leaf (except those of the epidermis) possess chloroplasts.

Figure 1.3: Cross section of leaf showing generalized structure.

The stomata when open permit the free passage of carbon dioxide containing air into the leaf.
The network of intercellular spaces in the mesophyll and the palisade allows for easy and free
diffusion of the carbon dioxide into all the photosynthetic cells (Figure 1.3). The network of
veins spread throughout the leaf transport the water which is an essential raw material for
photosynthesis and these veins in turn also readily transport the photosynthate out of the leaf to
the other regions of the plants. Thus, it is clear that the entire architecture of the leaf is geared for
efficiency.

1.4 Light absorption by the chloroplast

Light is only a small fraction of a continuous spectrum. On the physicist point of view, the
difference between radiations is what we can see and radiations we cannot see.  On the biological
point of view, there are a number of questions as to why this particular radiation (visible
spectrum) rather than some other make the leaves of plants grow and the flowers burst forth.
Why is it that this tiny portion of electromagnetic spectrum is responsible for vision for the
rhythmic day-night regulation of many biological activities, for the bending of plants toward the
light and also for photosynthesis on which all life depends?

Is it an amazing coincidence that all this biological activities are dependent on these same
wavelengths?

The scientists are in the opinion that if life exists elsewhere in the universe is probably depends
on the same fragment of the vast spectrum. On this basis, assumption could be made on two
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aspects. The living things consist of large complicated molecules held in special configurations
and relationships to one another by hydrogen bonds and other weak bonds. Radiation of even
slightly higher energy than the energy of violet light breaks these bonds and show disruptions in
the structure and function of the molecules (Figure 1.4). Radiations with wavelengths less than
200 nm, i.e., with still higher energies, drive electrons out of atoms. On the other hand, light of
wavelengths longer than that of visible band, i.e., with less energy than red light, is absorbed by
water, which makes up the great bulk of all living things. When this light reaches molecules, the
lower energy causes them to increase their motion (increasing heat) but does not trigger changes
in their electron configurations. Only those radiations within the range of visible light have the
property of exciting molecules, i.e., moving electrons into higher energy levels and producing
chemical and ultimately biological changes.

Figure 1.4:  Electromagnetic spectrum

The second reason is that the visible band of the electromagnetic spectrum has been selected by
living things because of its availability. Most of the radiations reaching the earth from sun are
within this range. Higher energy wavelengths are screened out by the oxygen and ozone high in
the modern atmosphere. Much of infrared radiation is screened out by water vapour and carbon
dioxide before it reaches the earth’s surface.

Electromagnetic Spectrum
The various chloroplatstic pigments together absorb nearly all the wavelengths or colors of light
present in the visible spectrum of sun light. Some of these pigments are better absorbers of
certain specific wave lengths of light. Figure1.5 illustrates the absorption spectra of chlorophylls.

An absorption spectrum is a plot of the absorbency lengths absorbed by a substance. As shown in
Figure 1.5, Chlorophyll “a” absorbs mainly the red and blue wave lengths (420-500 nm; 650-760
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nm) of light so does chlorophyll “b”. Figure.1.5 is a plot of the photosynthetic rate measured in
different wave lengths of light.

Figure 1.5: Absorption spectrum of Chlorophylls

This is referred to as the action spectrum for photosynthesis. The maximum rates of
photosynthesis are obtained for red and blue wave lengths of light. Thus, there is similarity
between an overlap of the absorption spectrum for chlorophyll and “action spectrum” for
photosynthesis. By such determinations and other experiments, it has been conclusively proved
that the chlorophylls are major light harvesting pigments for photosynthesis and the red and blue
rays of light are the most effective for photosynthesis. The other pigment in the chloroplasts also
absorb light of different wave lengths and they transfer this absorbed energy to the chlorophylls
and finally to chlorophyll “a” molecules for the actual process of photosynthesis.  Part of the
light energy absorbed by these other pigments may not be made available for the photosynthesis.
These other pigments also have functions other than absorbing light energy for photosynthesis.
We will not concern ourselves at this junction with these other functions.

Activity 1

1. Explain why plants can only utilize visible range of the solar spectrum for the process of photosynthesis.

2. Describe the structure of leaf adapted to yield maximum harvest from solar energy.

3. Illustrate the functions of different biological molecules in photosynthesis.
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Summary

• Plants require materials and energy to grow and to carry out and maintain their living
activities. Plants obtain these materials and energy from their environment. Carbon
containing materials are synthesized using raw materials from the environment or obtain
already synthesized organic compounds from their environment.

• The phototrophs (also referred to as photoautotrophs) use the energy of sun light to
reduce carbon dioxide to sugars.

• Heterotrophs obtain their carbon-containing food from organic molecules that have
already been manufactured (or synthesized) by autotrophs. Parasitic heterotrophs live on
or in other living organisms absorbing food from them.

• Photosynthesis is a unique process in that it converts light energy into chemical energy. It
traps or stores energy of sun light in the form of carbon compounds.

• In most green plants, photosynthesis takes place within chloroplasts. In eukaryotes, the
thylakoids form a part of the internal membrane structure of specialized organelles, the
chloroplast.

• Chlorophyll, the pigment that makes leaves green, absorbs light in the violet and blue
wavelengths and also in the red; because it reflects green light, it appears green. Different
pigments absorb light energy at different wavelengths. Most photosynthetic cells also
contain a second type of chlorophyll in plants, that is chlorophyll b – and a representative
of another group of pigments called the carotenoids. The other chlorophylls and the
carotenoids are able to absorb light wavelengths different from those absorbed by
chlorophyll a. They apparently can pass the energy on to chlorophyll a, thus extending
the range of light available for photosynthesis.

• An action spectrum defines the relative effectiveness of different wavelengths of light for
light-requiring processes, such as photosynthesis, flowering, photoperiodism, and vision.
Similarity between the absorption spectrum of a pigment and action spectrum of a
process is considered evidence that   particular pigment is responsible for that particular
process.

• When pigment absorbs light, electrons are boosted to a higher energy level. In other
words, the molecules absorb light energy, and electrons are momentarily raised to a
higher energy level and then fall back again to a lower one. As they fall to a lower energy
level, they release much of this energy as light. None of the light absorbed by isolated
chlorophyll molecules is converted to any form of energy useful to the living system.
Chlorophyll can convert light energy to chemical energy only when it is associated with
certain proteins and embedded in a specialized membrane.

• The various chloroplastic pigments together absorb nearly all the wavelengths or colors
of light presence in the visible spectrum of sun light.

• The maximum rates of photosynthesis are obtained for red and blue wave lengths of light.
Thus, there is similarity between an overlap of the absorption spectrum for chlorophyll
and “action spectrum” for photosynthesis. The other pigment in the chloroplasts also
absorb light of different wave lengths and they transfer this absorbed energy to the
chlorophylls and finally to chlorophyll “a”, molecules for the actual process of
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photosynthesis.  Part of the light energy absorbed by these other pigments may not be
made available for the photosynthesis. These other pigments also have functions other
than absorbing light energy for photosynthesis. Plants from their environment obtain
these materials and energy. The carbon containing materials, the plants from carbon
dioxide or already synthesized carbon containing molecules, which are absorbed, by the
plants, synthesize the organic food.

• These “self-nourishing” organisms synthesize or manufacture their own carbon food from
carbon dioxide absorbed from the environment. In these organisms carbon dioxide is
reduced usually sugars and energy is required for this reaction process. The phototrophs
(also referred to as photoautotrphs) use the energy of sun light to reduce carbon dioxide
to sugars.

• The process of production of food by green plant using light, water and carbon dioxide is
called photosynthesis. Photosynthesis is a unique process in that it converts light energy
into chemical energy which traps or store energy of sun light in the form of carbon
compounds. This process is also referred to as carbon dioxide fixation.

• In most green plants photosynthesis takes place within chloroplasts. The chloroplast
consists of pigments called Chlorophyll. They can convert light energy to chemical
energy only when it is associated with certain proteins and embedded in a specialized
membrane. The light energy made use of in the photosynthesis reduction of carbon
dioxide is absorbed by pigments present in the chloroplasts. In the green algae and higher
plants, the pigments present in the chloroplasts are: Chlorophyll a, Chlorophyll b.
Chlorophyll “a” is present in all photosynthesizing plants and is essential for the process
of photosynthesis.

• The various chloroplatstic pigments together absorb nearly all the wavelengths or colours
of light present in the visible spectrum of sun light. Absorption spectrum of Chlorophylls
is referred to as the action spectrum for photosynthesis. The maximum rates of
photosynthesis are obtained for red and blue wave lengths of light. The other pigment in
the chloroplasts also absorb light of different wave lengths and they transfer this absorbed
energy to the chlorophylls and finally to chlorophyll “a” molecules for the actual process
of photosynthesis.  Part of the light energy absorbed by these other pigments may not be
made available for the photosynthesis. These other pigments also have functions other
than absorbing light energy for photosynthesis.
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Learning Outcomes

After studying this session, you should be able to

• explain the mode of obtaining their energy requirement for their maintenance of their
biological activities.

• describe the structure of leaf, chloroplast and different pigments  associated with
photosynthesis

• describe the  portions of photosynthetically active areas in the electromagnetic spectrum

Review Questions
1. Draw a labelled diagram to show details of a chloroplast.

2. What is the chemical equation of photosynthesis?

3. Discuss the structure of leaf (anatomy) in relation to photosynthetic efficiancy.

4. Explain the absorption spectrum of Chlorophyll “a” and Chlorophyll “b”.
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