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PHOTOSYNTHESIS

The process in green plants and certain other
organisms by which carbohydrates are
synthesized from carbon dioxide and water
using light as an energy source.

Or

The synthesis of complex organic material
using carbon dioxide, water, inorganic salts and
light energy (from sunlight) captured by light-
absorbing pigments such as chlorophyll and
other accessory pigments.
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Photosynthesis in Brief =~ O i

i
6(C0,) * 6(H,0) - CglH,0) + 6(0;)

Overall reaction of Photosynthesis

6 CO, + 18 ATP + 12 H,0 + 12 NADPH*/ 2 H* ‘
CgH,,04+ 18 Pi + 18 ADP + 12 NADP* + 6(0,)
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According to Biological Economists
ALL WEAALTH ORIGINATES
DIRECTLY OR INDIRECTLY
AS A CONSEQUENCE OF PHOTOSYNTHESIS
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Photosynthesis is the biggest
photochemical & biochemical
phenomena acting as a master
key for the existance of life on this
globe. Inturn solar energy is the
chief driver of this reaction
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Nature of radiant energy

An elementary knowledge of the physical properties of light and other kinds of radiant
energy is essential for proper understanding of photosynthesis and many other
photobiological reactions.

Wavelength (3) Light appears to be

Peak i e o propagated across
the space as an

undulatory waves.
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ELECTROMAGNETIC SPECTRJM OF SUN LIGHT
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A"

ochemical Changes in Chlorophy

Energy transfer in various ways -

Pigment molecule (P} ¢ ‘

A. Loss as heat.
B. Loss of light. -
C. Resonance energy transfer. @Wmﬁf@
D. Energy transduction

Mode of Energy Transfer in Photosynthesis
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hotochemical Changes in Chlorophyll

Excited state

Photon

Photon
(fluorescence)

Ground state

Chlorophyll
molecule
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hotosynthetic Bigments

The photosynthetic pigments of higher plants fall
into two <classes, the Chlorophylls and
Carotenoids.

These pigments absorb light energy and convert it
to chemical energy. They are located on the
chloroplast membranes (Thylakoids) and the
chloroplasts are usually arranged with in the
cells so that the membranes are at right angles to
the light source for maximum absorption.
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Chlorophylls

There are 6-1 types of chlorophylls known as chlorophyll
a, b, ¢, d, e, bacteriochlorophyll (in bacteria) and
chlorobium chlorophyll (in green sulphur bacteria).

Chlorophylls absorb mainly red and blue violet light,
reflecting green light. Chlorophyll a is the most
abundant photosynthetic pigment and other pigments
are accessory or light harvesting antenna molecules.
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Carotenoids - 3 carotene/Orange Carotene
Xanthophylls/ Yellow Xanthophylls

The carotenoids are known to perform two distinct
roles.

o Carotenoids prevents the photo-oxidation of
chlorophyll by chlorophyllase.

* Carotenoids absorb energy from light and
transfer it to chlorophyll a with which they are
associated.

Phycobilins - Phycocyanin-blue pigment
Phycoerythrin-red pigment
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~ Absorption Spectra of Photosynthetic pigments

' Chlorophyll b Phycoerythrin

Phycocyanin
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Site of Photo;;/_;\thesis

The light reactions of Plant Cell Chloroplast Structure
photosynthesis, are =
associated with the
thylakoid membranes.

In contrast, the light- M = I hyiakoid
independent reactions, stoma—& N ‘
or so-called dark
reactions, notably CO2 |
fixation, are located in Figure1
the stroma.

= Granum
(Stack of Thylakoids)
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—PHOTOSYNTHETIC UNIT AND PHOTOCHEM

Primary
electron
acceptor

Electron transfer

Photon
> Reaction
Reaction- center
center
chlorophyll j

Transfer

of energy pigment

molecules

Photosystem

Copyright & Pearsen Education, Inc., publi g as Benjamin Cu i

A photosynthetic unit is the smallest group of molecules
which collaborate together to cause a photochemical act

i.e. the absorption and migration of light quantum to a trapping
center where it brings about the release of an electron.
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Electron transfer Primary ) -
electron

Photon acceptor

otochemical
reaction centre:

>Reaction
Reaction- center
center
chlorophyll |

Transfer

of energy pigment

molecules

Photosystem

Copyright & Pearson Education, Inc., publishing as Benjamin Cummings.

*All the pigment molecules in a photosystem can absorb
photons but there is only one molecule in each cluster that
converts the light energy into chemical energy.

*This specialized energy converting pigment molecule
consists of a chlorophyll molecule combined with a specific
protein and is called the photochemical reaction center.
*This chlorophyll complex is associated with a primary
electron donor and acceptor.
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Light Reactions of
Photosynthesis

Converts solar enerﬁy into
potential energy. The light
reaction converts ADP and
NADP+ into the ATP and

Light reactions
NADPH and produces

% 8 o
oxygen. % & e
Cyclic Phosphorylation: > 9

Non-cyclic Phosphorylation:

Calvin Benison Cycle of
Photosynthesis

The light independent

reactions fixes CO2 in to

C.H120, using the products

of light reaction sugar
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! | Photosysée‘mg

The photochemical phase requires the interaction of
2 photosystems.

Photosystem I: consists ~200 light harvesting
chlorophylls, ~50 Carotenoids, a mol. of P700, 1 mol.
of an unidentified compound (X), one cytochrome f,
one plastocyanin, two cytochrome b 563, Ferredoxin
reducing substance and 1/2 membrane bound
ferredoxin molecule.

It produces a strong reductant which reduces NADP*
to NADPH,".
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Photosystems

Photosystem II: consists~200 light harvesting
chlorophylls, ~50 Carotenoids, a trapping chlorophyll
mol. of P680, one mol. of an unidentified compound
(Z), a plastoquinone, ~4 plastoquinone equivalents, 3
mn mole., two cytochrome b 559 and chloride.

The system is concerned with the release of O,.

In association both I & II produces, ATP and NADPH.
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Mechanism of Light Reaction

Photophoshoriyation: The synthesis of ATP from ADP and

phosphate that occurs in a plant using radiant energy absorbed
during photosynthesis:

ADP + pi eonssssssm) ATP
NADP™ + 2H™ + 2ec — NADPH + H”

Photolysis of Water:  4H,0--->4H*+ 40H-
40H- >2H,0, > 2H,0 + O,
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ic Photophosphorylation

Electron

acceptor

(D) —

|

2e

s
Redox potential: T G
The tendency to B -0.6-
release and H
acceptance of 8 -0a4-
electrons. B
Expressed in i
volts/milivolts.

- e
The term Redox has R

been derived from
Reduction-Oxidation.
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Redox polential (ev)
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action/C3 Cycle/Calvin Benson Reacti ackman Reaction
Melvin Calvin and his colleagues
studied photosynthesis using
radioactive carbon C!¢ (CO,) e N
along with paper chromatography  ESSECEEE " Prase2
and elucidated the reaction of
converting CO, to carbohydrate.

- hasn 3 carbo-
hydrate synthesis
In this reaction first formed stable compound is a
three carbon compound PGA and it participates in all reactions.
Hence it is called as C-3 cycle.

This reaction cycle can be studies in 4 steps.
-CO, fixation.
Carbon reduction
Carbohydrate synthesis and
‘Regeneration
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Out line of C, Cycle Reactions

ATP ADP NADPH NADP+
K } Glyceric_acid 3 Phosphate
12[1,35is PGA] 12 [GA-3E
3 phosphoglycenc 1 3 bisphosphoglyceri
acid acid i 3
3 —
2 r
Transketolase, [somerase [Aldolase |F':'6'651F(|; .
6 _—Rl.l-1 S-bis P ructgse 1,6 pis
Ribulose 1,5 bisph 2 phosphate
phosphate ~ 3
ADP ” g R-S-P
mase v
2 Ribose
ATP / E 5 Phosphate ) 5 [DHAP|
= Dihydroxy acetone p
6 [Ru-5-P| 3,|F-6F
ibulose

5 Phosphate Frucll)s e\ 6 P*losphate

| e2 2 %}.'f_gw 2 S’%"?’* Erythrosé™.Phosphate
E Sedoheptulose : Sedoheptulose 2
Xylulose & 2 1 Phosphate 1,7 bisphosphate

5 Phosphate \

Glucose 6 Phosphate
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ATP ADP NADPH NADP+
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THE OVERALL REACTION OF PHOTOSYNTHESIS

6 CO,+18ATP +12H,0 + 12 NADPH*/ 2 H*

!

C.H,,O.+ 18 Pi + 18 ADP + 12 NADP* +60,
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- C , Plants

A plant that utilizes the C,; carbon fixation
pathway as the sole mechanism to convert CO,
into an organic compound (i.e. 3-
phosphogylycerate).
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II C4‘I;1aﬁnts

A plant that utilizes the C, carbon fixation
pathway in which the CO, is first bound to a
phosphoenolpyruvate in mesophyll cell
resulting in the formation of four-carbon
compound (oxaloacetate) that is shuttled to
the bundle sheeth cell where it will be
decarboxylated to liberate the CO, to be
utilized in the C; pathway.
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Kranz Anatamy

Cuticle
; vascular bundle

yein meso ]
{ ! nir space cells s bundle sheath
beneath stoma cell

! g -
T
FolE ——--h.

Idiﬂ T T A
S -.*:a;ﬁ"{&- W=
"-t_‘,_‘_: ﬂ 1L

=

Palisade
parenchyma

Cystolith

Spongy

CROSS SECTION OF C3 PLANT
PORTION OF A CROSS SECTION

OF A LEAF WITH C, PHOTOSYNTHESIS
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Differences between C; and Cy4 plants

C3 Plants
Non Kranz type anatomy
Bundlesheath cells are absent. Carbon

fixationand Calvin Cycle reactions
occur in mesophvll cells only.

A 3 carbon compound phosphoglvceric
acid (PGA) is formed as a first stable
compound.

Ribulose 1,5 bisphosphate carboxylase
(Rubisco) is the CO; accepter

Only C; pathway is present and involves
in CO, fixation.

C4 Plants

Kranz type anatomy i ¢., has a concentric
arrangement of the bundle sheath and mesophyll
layer, the bundle sheath is also thicker.

Bundle sheath cells are present and contain
chloroplasts. Carbon is fixed in mesophyll cells,
then transported to bundle sheath cells where
Calvin Cyclereactions occur

Four carbon compounds like oxaloacetate, malate
and aspartate are formed during CO, fixation as
firststable compound

Phosphoenolpvravete (PEP) carboxvlase is the CO;
acepter, and is more efficientthan Rubisco.

Both C; and C4 pathways present and involves in
CO; fixation. Hence they are called as “Efficient
Plants”

25 December 2023

www.hbmahesh.weebly.com 32



Bundle Sheath Cell
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A cycle requiring ATP and NADPH

The C, and C, reactions are spatially separated
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A cycle requiring ATP and NADPH

C, Photosynthes

Bundle Sheath Cell

Mesophyll Cell

CCCOO-
pyruvate

Aspartate
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The C, and C, reactions are spatially separated

34

www.hbmahesh.weebly.com

25 December 2023



Photorespiration

The process by which in the presence of
light plant consumes oxygen and
releases carbon dioxide (in stead of
fixing (CO,) during Photosynthesis,
resulting in a decrease in
Photosynthetic output.
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