Photosynthesis
A-Level Biology

The chloroplast

Photosynthesis Y& /E ] happens inside the chloroplast I-%¢{4&. Its structure suits
its two stages:

o inside are stacks of flat sacs called thylakoids ZE#&{&. A stack of thylakoids is
a granum (plural grana F}j). The thylakoid membranes hold the light-trapping
pigments and are the site of the first stage.

o the fluid around the thylakoids is the stroma )i, the site of the second stage.

Leaves are green because their chloroplasts are full of the pigment chlorophyll

Image: Moyan Brenn from Italy, CC BY 2.0 (commons.wikimedia.org)
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Thylakoids FEHEAK stack into grana KR (the first stage happens here); the stroma F:Jft
around them is where the second stage happens



Chloroplasts (the small green discs) inside the cells of an Elodea (pondweed) leaf, seen
under a microscope

Image: Cimiceb50, CC BY-SA 4.0 (commons.wikimedia.org)

The two stages of photosynthesis

Photosynthesis has two linked stages:

1. the light-dependent stage Y& WV i B¢ happens in the thylakoids. It uses light
energy to make ATP and reduced iAJ5i NADP.

2. the light-independent stage [§5 5 IV 91 B, also called the Calvin cycle /K 1§
¥4, happens in the stroma. It uses the ATP and reduced NADP from the first stage
to build complex organic molecules from carbon dioxide — s fbfik.

Chloroplast pigments

A pigment {4 % is a coloured substance that absorbs light. The thylakoids hold several
pigments that work together to trap as much light as possible:

o chlorophyll 42 a and chlorophyll b (which absorb mainly red and blue light),

+ carotene #ifJ# [ & and xanthophyll IM#52Z (which absorb other colours and pass
the energy on).

We study them with two graphs. An absorption spectrum NIy %i% shows how much
light each pigment absorbs at each wavelength. An action spectrum 1§ f )i shows
how fast photosynthesis goes at each wavelength. The two graphs match closely, which
shows the pigments drive photosynthesis.
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The absorption spectrum WRIRGEE and action spectrum YEFY6i% match: blue and red
light are used most, green light least

You can separate the pigments by chromatography {4%y%: the pigments travel dif-
ferent distances up the paper. Each pigment is identified by its Rf value HF5{H (the
distance the pigment moved divided by the distance the solvent moved).

The light-dependent stage

In the thylakoids, light is used to make ATP. This is photophosphorylation Y& g
1k, and it comes in two forms.

In cyclic photophosphorylation {E G & HEELR (L

 only photosystem Y. 2%t I (PSI) is used.
« photoactivation Y% of chlorophyll occurs (light boosts its electrons Hi - to a
higher energy).

o only ATP is made.
In non-cyclic photophosphorylation FEE¥F G SR {L:

both photosystem I (PSI) and photosystem II (PSII) are used.

photoactivation of chlorophyll occurs.

the oxygen-evolving complex Ji{l %8 &K carries out the photolysis J:fi# (split-
ting by light) of water, which releases oxygen %X..

both ATP and reduced NADP are made.
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In non-cyclic photophosphorylation AETEIRICEBEER L, photolysis VG splits water;
electrons flow PSII — PSI, making ATP and reduced NADP

In both forms, energy is released in the same way:

1. energetic electrons pass along an electron transport chain L F{%i#$%%, releasing
energy as they go.

2. this energy is used to pump protons Jiif- across the thylakoid membrane.

3. the protons flow back into the stroma through ATP synthase i, and this flow
provides the energy to make ATP.

The Calvin cycle

The light-independent stage builds sugars in three main steps:

1. fixation [&F—the enzyme Jif rubisco joins carbon dioxide to a 5-carbon molecule,
RuBP (ribulose bisphosphate). This makes two molecules of a 3-carbon compound,
GP (glycerate 3-phosphate).

2. reduction —GP is reduced to TP (triose phosphate) using reduced NADP and ATP
from the light-dependent stage.

3. regeneration —most of the TP is used to regenerate F/f: the RuBP (using more
ATP), so the cycle can keep running.
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Fization [&5%€ adds CO to RuBP; reduction makes TP using ATP and reduced NADP;
regeneration F4= remakes RuBP; some TP becomes sugars

Some TP leaves the cycle to make useful molecules. GP can be used to make some amino
acids Z A fi®, and TP can be used to make carbohydrates /Kb &4y, lipids JIg it

and amino acids.



Limiting factors

A limiting factor [ [X 2 is the one in shortest supply that holds back the rate of
photosynthesis. The three main ones are light intensity Y&/ 5E )3, carbon dioxide
concentration /¥, and temperature ji3 Ji.

o raising light intensity speeds up photosynthesis, until some other factor becomes lim-
iting.

 raising carbon dioxide concentration speeds it up, until some other factor becomes
limiting.

e raising temperature speeds it up, but only to an optimum; too high and the enzymes
denature.
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While the rate rises, light is the limiting factor BR#IFZ ; where it levels off, another
factor (CO or temperature) limits it

You can measure the rate of the light-dependent stage with a redox indicator 1§/~
] such as DCPIP or methylene blue and a suspension of chloroplasts: the dye loses
its colour as the chloroplasts work, and you can test different light intensities or light
wavelengths J7 . With a whole aquatic plant /K4 4% you can count the bubbles
of oxygen given off to compare rates under different conditions.



