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Chloroplasts are specialized plastids where photosynthesis
occurs. A mesophyll feaf cell will contain between 50-100
chloroplasts. The chloroplasts are generally aligned so that their
broad surface runs parallel to the cell wall to maximize the surface
area available for light absorption. Chloroplasts have an internal
structure characterized by a system of membranous structures

.

called thylakeids arranged into stacks called grana. Special
pigments, cailed chlorophylls and caretenoids, are bound tfo
the membranes as part of light-capturing photosystems. They
absorb light of specific wavelengths (mostly reds and blues) and
thereby capture the light energy. Chlorophylis give leaves their
green color (green light is reflected and not absorbed).

. The Structure of a Chloroplast

Thylakoidt membranes provide a large
surface area for light absorption. They are
ihe site of the light dependent phase and
arg organized so as not to shade each cther.

Chloroplast is enclesed by a
double membrane envelops
(inner and cuter membrane)

\

Liquid stroma contains
the enzymes far the light
independent phase.

Starch granule

Lipid droplet

Grana (sing. granum) are
stacks of thylakoids

Stroma lamellae cornect the
grana. They account for 20% of
the thytakoid membrane.

TEM image of a single chioroplast Chioroplasts visible in plant cells

1. Label the transmission electron microscope image of a chloroplast befow:

{a) (d)
{b) (e)
© 1()

2. {a} Describe where chlorophyl! is found in a chloroplast:

(b) Explain why chiorophyll is found there:

3. Explain how the internal structure of chloroplasts helps absorb the maximum amount of light:

4. Explain why plant leaves appear green:
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Photosynthesis is of fundamental importance to living things
because it transforms sunlight energy into chemical energy stored
in molecules, releases free oxygen gas, and absorbs carbion
dioxide (a waste product of cellular metabolism). Photosynthetic
organisms use special pigments, called chlorophylls, to absorb
light of speific wavelengths and thereby capture the light energy.

6H. @ &= Photosynthesis equation

Stroma, the liquid interior of the
chloropiast, in which the light
independent phase takes place.

Chloropiast

Waler from cell sap is
used as a raw material,

e
(#)

Grana are stacks of
thylakoid membranes
that contain
chloraphyll. They

are site of the light
dependent phase.

Oxygen gas (from membrane

the break-up of water
mofecules) is given off
as a waste product.

Carbon dioxide
frem the air -
provides carbon

Water is given, Conveed via a
drogen (from the off as a waste ]
Er{'eak-%p o(f wer:t]er product. ~ number of steps to
molecules) is used and oxygen as

- raw materials, .-

as a raw material.: e

' _. Hght depeﬁdent .

Visible light is a small fraction of the total electromagnetic

radiation reaching Earth from the sun. Of the visible spectrum),
onfy certain wavelengths (red and blue) are absorbed for
photasynthesis. Other wavelengths, particularly green, are
reflected or transmitted. Photosynthesis Is summarized in the
chemical equation and diagram (below).

Plant cells (Elodea)

Stored as a reserve
supply of energy in
starch granules, 10 be
converted back into

Glucose is used as

a building block for

creating ceflulose, a

component of plant
cell walls,

L Glucose is the fuel
. Light Independent for cellular respiration
phase and supplies energy
Process: Carbon fixation for metabolism.

via the Calvin cycle Glucose can be
- : converted to fructose.

glucose when required,

phase Liptds ar?d
S o . amino acids
Process: Energy capiure y
via photosystems
Jand.l" i Monosaccharides Cellulose : Starch Pisaccharides

Manosaccharides join
to form disaccharides,
e.g. fructose and
glucose form sucrose,
found in sugar cane.

1. Describe the three things of fundamental biological importance provided by photosynthesis:

(a)

(b)
()

2. Describe the role of the following in photosynthesis:

(a) The carrier molecule NADP:

(b) ATP;

(¢} Chiorophyll molecules:

(d) Light:
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Aslight meets matter, it may be reflected, transmitted, or absorbed.
Substances that absorb visible light are called pigments, and
different pigments absorb light of different wavelengths. The
ability of a pigment to absorb particufar wavelengths of light can
be measured with a spectrophotometer. The light absorption

pigment. The absorption spectrum of different photosynthetic

The Electromagnetic Spectrum
Light is a form of erergy known as electromagnetic radiation. The segment of the electroma

pigments provides clues. to their ‘role::

light can only perform work if it is absorbed. An:a

profiles the effectivenass of different wavelength. [4]

phatosynthesis. It is obtained by plotting waveiz

Some measure of photosynthetic rate (e.g. COz'—;pit

vs the wavelength is called the absorption spectrum of that Some features of photosynthetic pigments ang-. it
absorbing properties are outlined below. i ;

o

gnetic spectrum most important to life is .

the narrow band between about 380 nm and 750 nm. This radlation is known as visible light because it is detected as colors by the
human eye (atthough same other animais, such as insects, can see in the UV range). It is the visible light that drives photosynthesis.

1050m 108 nm 1 nm 10% nm 108 nm

103m

Electromagnetic radiation (EMR) travels in waves,
where wavelength provides a guide to the energy of
he photons; the greater the wavelength of EMR, the
lower the energy of the photons in that radiation,
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< Increasing ensrgy Wavelength (nm) Increasing wavelsngth »
100 o
Absorption spectra of photesynthetic pigments The photos_ynthetlc pigments of plants
(Relative amounts of light absorbed at differant wavelengths) The photosynthetic pigments: of plants fall into twe categories:
80 |~ ‘chlorophylls (which absorb .red and blus-viglet light) - and

Chlorophyll b

Absorbance (pergent)

i Action spectrum for photosynthesis
108 [~ (Effectiveness of different wavelengths in fueliing photosynthesis)
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Rate of photosynthesis (as % of rate at 670 nm)

20 = The action spectrum and the absorption
: spectrum for the photesynthetic pigments
{combined) match closely,
0 i ] J |
400 500 500 700

Wavelength (nm)

1. What is meant by the absorption spectrum of a pigment?

_carotgroids {which absorb strongly- in the blue-violet and
appear orangé, yellow, or red), The pigments are located on

the chloroplast membranes (the thylakoids) and are associated

. with mémbrane transport systems.

. Green light ..
. reflected

. Chloroplast

The pigments of chloroplasts in higher plants (above) absorb
blue and red light, and the leaves therefore appear green
(which. is reflected). Each photosynthetic pigment has its own
characteristic absorption spectrum (left, top graph). Although
only chiorophyll a can participate directly in the light reactions

.of photosynthesis, the accessory pigments {chlorophyll b and

carotenoids) can absorb wavelengths of light that ¢hloraphyll a
cannot. The aecessory pigments pass the energy (photons) to
chiorophyil a, thus broadening the spectrum that ean effectively
drive photosynthesis.

Left: Graphs comparing absorption spectra of photosyntheti
pigments compared with the action specirum for photosynthesis.

2. Why doesn't the action spectrum for photosynthesis exactly match the absorption spectrum of chlorophyll a?
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As light meets matter, it may be reflected, transmitted, or absorbed. Pigments provides clues to their role in, “phét'os'_
Substances that abserb visible light are called pigments, and fight can only perform work if it is absorbed: An.ae
different pigments absorb light of different wavelengths. The  profiles the effectiveness of different wavelength lig
ability of a pigment to absorb particular wavelengths of light can  photosynthesis. It is obtained by plotting -waveler
be measured with a spectrophotometer. The light absorption  some measure of photosynthetic rate (e:g. CO, produe
vs the wavelength is called the absorption spectrum of that Some features of photosynthetic pigments and ‘the

pigment. The absorption spectrum of different photosynthetic absorbing propertiés are outlined below. o

The Electromagnetic Spectrum
Light is a form of energy known as ¢lectromagnetic radiation. The segment of the electromagnetic spectrum most Important to life is
the narrow band between about 380 nm and 750 nm. This radiation is known as visible light because it is detected as colors by the
human eye (although some other animals, such as insects, can see in the UV range}. It is the visible light that drives photosynthesis.
10%m
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Elactromagnetic radiation (EMR} travels in waves,
where wavelength provides a guide to the energy of
he photons; the greater the wavelength of EMR, the
lower the energy of the photons in that radiation.
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Absorption spectra of photosynthetic pigments - The photosynthetic pigments of plants
[ (Relative amounits of light absorbed at different wavelengths} - The photosynthetic'pigmen_t_s of plants fall into two categories: -
. 8- chiorophylls (which absorb red ‘and blue-violet light) and
. (“— Chlorophyil b . carotenoids (which. abserb strongly in the blue-violet and
: E appear orange, yellow, or red). The pigments are located on
S sl the chiloroplast memitiranes (the thylakoids) and are associated
& Lo ~w— Carotenoids - with membrane transport systems. .
¢ s T .
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) Action spectrum for photosynthesis
100 ™ (Effectiveness of different wavelengths in fuelling photosynthesis)
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20 [~ The action spectrum and the absorption ' Qénnot. '[he: accessory pigments pass the energy (photons) to
spectrum for the photosynthetic pigments -+ chlorophyll @, thus broadening the spectrum that can effectively
{combinad) match closely. drive photosynihesis.

light absorbed’
&0

&0 |- .The pigments of chioroplasts in higher plants {abové) ahsorb

blue and . red light, and the leaves therefore appear green
- {which' is, reflected). Each photosynthetic pigment has its own
_ charateristic absorption spectrum (left, top graph). Although
.40 [~ only:chlorophyit-a can participate directly in the light reactions
' of photosynthesis, the accessary pigments (chiorophyll b.and.
cardtenpids) ¢an absorb wavelengths of light that chlergphyll a

] _ | I _ I
" 400 500 - 600 - 700
: : Wavelength (nrm)

.Le'ft:.Grap_hs comparing absorption specira of photosynthetic
pigments compared with the action spectrum for photosynthesis.

1. What is meant by the absorption spectrum of a pigment?

2. Why doesn't the action spectrum for photosynthesis exactly match the absorption spectrum of chlorophyll 47
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Like cellular respiration, photosynthesis is a redox process, but

in photosynthesis, water is split, and electrons and hydrogen

lons,-are transferred from water to CO,, reducing it to sugar. The
electrons increase in potential energy as they move from water to
sugar. The energy to do this is provided by light. Photosynthesis
has two phases. In the light dependent reactions, light energy
is converted to chemical energy (ATP and NADPH). In the

Non-cyclic phospharylation

to another, losing energy as it goes. This energy is

Light strikes the chiorophyll
pigment molecules in the \
thylakoid membrane. Each .,
photosystem is made of . _

Part of a thylakoid disc is shown below.

The Ch|0r0phy|i m0|ecuies are part Of Heducing pawer (NADPH)
he photosystem complexes (1 and Il) and snergy (ATP) for the
7in the thylakoid membrane. i

NADP* is the final
Each electron is passed.from one electron carrier electron acceptor e

used to pump H* across the thylakoid membrane. :
NADP~
reductase NADP¥

light independent reactions, the chemical energy is used to
synthesize carbohydrate. The light dependent reactions most
commonly involve non-cyclic phosphorylation, which produces
ATP and NADPH in roughly equal quantities. The electrons
lost are replaced from water. In cyclic phosphorylation, the

electrons lost from photosystem Il are replaced by those from

photosystemn {. ATP is generated, but not NADPH

light independent reactions

ey, nans
i et N ADPH

eI, ATP

1\““

Lt
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e,
.,
s,
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Flow of H* back across
the membrang is coupled
o ATP synthasis.

NADPH

ATPase catalyses
ATP synthesis.

Thylakoid membrane:

many pigment molecules.

Bound pigment molecules
and ATPase

Thylakoid space:
Hydrogen reservoir, low pH £

Photdsystem | absorbs light energy to elevate

Photosystem I absorbs light
glectrons te an even higher level. Its electrons

Photolysis of water
releases oxygen gas energy to elevate electrons
to a moderate energy level.

and hydrogen ions.

b Cycllc phosphory!atlon

Cyalic phosphorylaﬂon mvoives only photosystem l-and*-

“shunted bagck

-+ diffrence, it i
- Temains; actlve untll enough AT

NADPH'ig not generated: Electrons from photosystem-l are
the electron cartiers'in the’ membrane: This

' 'pat ‘way produces ATP only he:Calvin cycle ‘Uses mors
t dsphorylatlon makes up. the

é.ctl\.'atedrw_ en NADPH levels build: upy and SRR, R
is made to meet demand T TR =

are replaced by electrons from photosystam

Eleciro'n's are cycled through.a
pa!hway that takes them away R ] ] ]
) . au uulull!') "

from NADP* reductase
’ CATP s produced

ADR AN hile NADPH..
_ production ceases:

ﬂz"jﬂ S
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2. Expiain the role of chiorophyil molecules in photasynthesis:

3. Summarize the events of the light dependent reactions:

4. Describe how ATP is produced as a result of light striking chlorophyll molecules during the light dependent phase:

5. (a) Explain what you understand by the term non-cyclic phoesphorylation:

(b} Suggest why this pracess is also known as non-cyclic photephosphorylation:

6. (a) Describe how cyclic photophosphorylation differs from non-cyclic photophosphorylation:

{b) Both cyclic and noncyclic pathways operate to varying degrees during photosynthesis. Since the non-cyclic pathway ’
produces both ATP and NAPH, explain the purpose of the cyclic pathway of electron flow: |

7. Explain how the independence of photosystem | gives a mechanism for evolution of the photosynthetic pathway: I
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The light independent reactions of photosynthesis (the Calvin  ATP are supplied by the light dependent reactions. The Calvin
cycle) take place in'the stroma of the chioroplast, and do not  cycle uses more ATP than NADPH, but the cell uses cyclic
require light to'proceed. Hare, hydrogen (H*) is added to CO, phosphorylation {which does not produce NADPH) when it runs
and 'a.5C-intermediate to make carbohydrate. The H* and  low on ATP to make up the difference.

The Calvin cycle is a series of reactions
driven by ATP and NADPH. It generates
hexose stigars and reduces the intermediate
products to  regenerate ribulose 1,5
bisphosphate (RuBP) needed for the first
step of the cycle.

The catalyzing enzyme RuBisCo joins carbon
dioxide (CO,) with RUBP to form glycerate
3-phosphate (GP). ATP driven reactions then
form 1,3 bisphosphoglycerate before NADPH
driven reactions form tricse phosphate (TP).
Some of this then leaves the chioraplast and
forms sugars while the rest continues through
the cycle to eventually reform RuBP.

@ ‘Carbon atom

ol % Phosphate group

Ribulos bisphosphate '
carboxylase: RuBisCo

Chioroplast

Triose
phosphate

The Calvin cycle occurs in the stroma of the

- chloroplast. One CO, molecule is fixed for every furn
of the cycle. To build one hexose sugar molecule,
six turns of the cycle are required. The hexose
sugar is not made directly from the cycle but is
assembled from its net products.

Hexose sugar

©

- In the boxes on the diagram above, write the number of molecules formed at each step during the formation of ene
hexose sugar molecule. The first one has been done for you:

' Explain the importance of RuBisCo in the Caivin cycle:

3. ldentify the actual end product on the Calvin cycle:

. '.'4.‘ ; Wﬁite-the equation for the production of one hexose sugar molecule from carbon dioxide:

5. :'.E:xplain why-the Calvin cycle is likely to cease in the dark for most plants, even though it is independent of light:
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