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Riognergetics isithe guaniitative study of energy relationships and energy conversions in

—. [ bigtogieal systems.

NI "' "Blojogical energy transformations obey the laws of thermodynamics.

J All organisms need free energy for keeping themselves alive and functioning.

o All life on this planet Earth is powered, directly or indirectly, by solar energy, but no
organism can make direct use of sunlight as source of energy for metabolism; all can use
chemical energy in the food such as sugars etc.

o The chloroplasts of the plants capture light energy coming from the sun and convert it
into chemical energy that gets stored in sugar and then in other organic molecules.

o With the emergence of photosynthesis on earth, molecular oxygen began to accumulate
slowly in the atmosphere.

o The presence of free oxygen made possible the evolution of respiration.

o Respiration releases great deal of energy, and couples some of this energy to the
formation of adenosine triphosphate (ATP) molecules.

o ATP is a kind of chemical link between catabolism and anabolism.

o The process of photosynthesis helps understand some of the principles of energy
transformation in living systems.

o Photosynthetic organisms (higher land plants for instance) use solar energy to synthesize
organic compounds (Such as carbohydrates) that cannot be formed without the input of
energy.

o Energy stored in these molecules can be used later to power cellular processes and can
serve as the energy source for all forms of life.

o Whereas photosynthesis provides the carbohydrate substrate, glycolysis and respiration
are the processes where by the energy stored in carbohydrate is released in a controlled
manner. \

o So the photosynthesis acts as an energy cap*urlng while mspuauor. ds an er*"rgv relessiiig

process.

Photos;. ithiasis| caii be Let_r_no s hn :JrOLESS in WhICh energy poor inorganic oxidized
compounas! oi tarbon! (TC23-and hydrogen (mainly H,0) are reduced to energy rich
carbichydrate, i.2.-glucose (sugar) using the light energy that is absorbed and converted
inta_thizmical energy by chlorophyll and some other photosynthetic pigments.

Chelnical Equation
The processes of photosynthesis in green plants can be summarized as:

6CO, + 12H,0 + Light —= 5 CeH1,06 + 602, + 6H20
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11.1.1 Photosynthetic Reactants and Products
Consider the following equation;
6CO, + 12H,O + Light —Storee™l 5 CeH1,06 + 60, [ okz0"
This equation shows that carbon dioxide, waiel and light @i the feaCtan's whna uh‘cse and
oxygen are the products. Water appears on.ksth sides of the equ. mun necausewater is used as
reactant in some reactions anil releascd ad profust inioteer. Hcvm ver Decauise there is no net yield
of H2Oy Wi can clmp..‘y the'sliminary equasiori o‘ af 10tusynthe3|s for purpose of discussion:
=\ 160 021 4 BHQ\ 4 "Ligiit ———> CeH106 + 602
Relatlon [ thps /rithieisTand Respiration and
G M emicaecyuation of photosynthesis is almost exactly opposite to the overall equation of
‘gerobic respiration (CsH1206 + 60, —» 6CO; + 6H,20 + Energy).

o Photosynthesis uses the products of respiration and respiration uses the products of
photosynthesis.

o Photosynthesis occurs only during daytime, whereas respiration goes on day and night.

Light Variations and Compensation Point

o During darkness, leaves and other actively metabolizing cells respire and utilize oxygen
and release carbon dioxide.

o At dawn and dusk, when light intensity is low, the rate of photosynthesis and respiration

may for a short time, equal one another. Thus oxygen released from photosynthesis is just
the amount required for cellular respiration. Also the carbon dioxide released by
respiration just equals the quantity required by photosynthesizing cells.
At this moment there is no net gas exchange between the leaves and the atmosphere. This
is termed as compensation point.
As the light intensity increases, so does the rate of photosynthesis and hence the
requirement for more carbon dioxide increases which respiration alone cannot supply.
Similarly the oxygen produced during photosynthesis is more than the need of the
respiring cells, so the result is the net release of oxygen coupled with the uptake of
carbon dioxide.

11.1.2 Water and Photosynthesis
Oxygen released during photosynthesis comes from water and is an important source.cf
atmospheric oxygen, which most organisms need for aeroblc resr..rL i and [kos fhr
obtaining energy to live. \Oy

Discovery about Involvement of \*/ater in Oxvgen 2 ’odu*trn

o In 1930s, Van Niel hypoth@swea fiat D farlts 3pliv water a2 source of hydrogen releasing
oxygen ai a by-product.! Neii’s \hypothesis' was based on his investigations on
photosyntagsis |in: kacteria, thet 'make carbohydrate from carbon dioxide, but do not
reledse Oxygean, |

¢ Ner’s (lypothesis was later confirmed by scientists during 1940s when first use of

AN piological tracer (O) in biological research was made. Carbon dioxide and water
containing heavy-oxygen isotopes O® were prepared in the laboratory. Two groups of
plants were made.
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First Group
Experimental green plants of first group were supplied with H.O contammq O*8 and with
COz containing common oxygen O*°. _ 1~ N (1
These plants produced O, N V=

Group — 1 plants; COz + PH,OL 1 C‘|2 o+ H: O + 180;

Second Group
Plants (in t1e secorG-grouf vere s uppl ed Wwrth H,0 containing common oxygen O but
with CO; nnLa niag C'4 :
Thesn plan g.did nct produce O18

A N T Group 2 Plants: CO2'® + 2H20 —CH20" + H0' + O,
o |hese experiments showed that oxygen produced during photosynthesis comes from
water.
Formation of NADPH:

Water is thus one of the raw materials of photosynthesis, other being carbon dioxide.
Hydrogen produced by splitting of water reduces NADPH to NADPH, (NADPH + H").
NADPH; is the “reducing power” which along with ATP also formed during light
reactions is used to reduce CO> to form sugar during dark reactions.

QUESTION RELATED TO ABOVE ARTICLE

Discuss water photosynthesis relation with the help of Niel’s Hypotheses (DGK 2022)

Write down the role of water in photosynthesis. (RWP 2022, GRW 2022)
Compare photosynthesis with respiration in plants. (Exercise Question vii)

11.1.3 CHLOROPLASTS-THE SITES OF PHOTOSYNTHESIS IN PLANTS

o All green parts of a plant have chloroplasts, but the leaves are the major sites of
photosynthesis in most plants.

o Chloroplasts are present in very large number, about half a million per square millimeter
of leaf surface.

o These are mainly present in the cells of mesophyll tissue inside the leaf. Each mesophyll
cell has about 20-100 chloroplasts.

o Chloroplasts are present in plants photosynthetic cells.

Structure

. Chloroplast has a double membrane envelapo.

o This envelope encloses dense fluid_filled .Lgmn calieal the stre me, \VhICII contains most
of the enzymes required to ornduce cartiol yCraie misiectifes. '

o Anothér systers=oT membs ines. 1y suspendesi-in the stoma. These membranes form an
elaborace irterconnected 'sel of Flat; disc like sacs called thylakoids.

o el 1hyl’-1k).’d nernbiane encloses a fluid-filled ‘thylakoid interior space’ or ‘lumen’,

{\Hich i separated from the stroma by thylakoid membrane.
In some spaces, the thylakoid sacs are stacked in columns called grana.
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Vascular bundle
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Figll.1: A plant possesses thick layer of mesophyll cells rich in chloroplasts. Thylakoids in chloroplasts
are stacked into grana. Light reactions take place on the grana, and dark reactions in the stroma.

o Chlorophyll and other photosynthetic pigments are found embedded in the thylakoid
membranes and impart green colour to the plant. Electron acceptors of ‘Photosynthetic
Electron Transport Chain’ are also parts of these membranes.

Function

)] Thylakoid membranes are involved in ATP
Synthesis by chemiosmosis Photosynthetic prokaryotes lack

ii)  Chlorophyll and other pigments absorb light energy, | chloroplasts but they do have
which is converted into chemical energy of ATP and | unstacked photosynthetic -
NADPH, which are used to synthesize sugar in the | membranes, which work like— {7y
stroma of chloroplast. thylakoig: 1 N (e 211"

11.1.4 Photosynthetic Pigments : —-——'—'—"— e

“Pigments are the substances that - Lbs.arb Vl 1b‘e ll?hf (?80 7L O ’m in Wa"elength) ”

Types ! y
o Light canwork in chle C‘DJaCI‘ i i it ab~oﬂ beu Tl“y.akOld membranes contain several
kinds cf ":mrrents %omo irportant C nes are;

o Chlorophyll vihica ls inin) phrtosynthetlc pigment.
(‘*hp acce::or/ p OLuDynthe“C pigments present in the chloroplasts include yellow and

N x'w anne io-red carotenoids.
Y | 150 Kanthophylls are yellow.
J o Carotenes are red to orange.
These broaden the absorption and utilization of light energy.
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Function
Different pigments absorb light of different wavelengths (colours) and the wavelengths
that are absorbed disappear.

An instrument called Spectrophotometer is used to measure ruavvw abu-tues of UlFfpnm
pigments to absorb different wavelengths of lught.

A graph plotting absorptigiy of Inc.:"f ofifferent wa /r\lewgfh' by i plgment is called
absorptlon soectrum of the %- rens. '

V4R LA KER, TO-ABOVE ARTICLE

.
Explaiii t 1“19 c'rﬂm opla st ay, l-ht “zites of photosynthesis” in plants (GRW 2017)
11.1.5 Chlerophylis ! \
_ ( >0 onliyl's.ai Y Thain photosynthetlc pigments. CHO in chlorophyll b
| pi | Wrhese “are insoluble in water but soluble in

organic solvents such as carbon tetrachloride,
alcohol etc.

Structure
A chlorophyll molecule has two main parts.

iii) One flat, square, light absorbing hydrophilic
head.

iv) Other long, anchoring, hydrophobic,
hydrocarbon tail.

C ll in chlorophyll a
H,C- 2)/\[ — 2"_“1

Porphyrin ring
(absorbs light)
(.H:‘

i) Head

o It is complex porphyrin ring, which is made up
of four joined smaller pyrrole rings composed of =0
carbon and nitrogen atoms (tetrapyrrole ring (isbrucickion)
structure). e

An atom of magnesium is present in the center -

of porphyrin ring and is coordinated with the

nitrogen of each pyrrole ring. Magnesium

deficiency causes yellowing in plants. Haeme ]

portion of haemoglobin is also a porphyrin ring - Fjg11.2 : A molecule of chlorophyl

but containing an iron atom instead of

magnesium atom in the center.
i) Tail

Long hydrocarbon (C20Ha39), which is called phytol is attached to one of the pyrole rings.
Chlorophyll molecule is embedded in the hydrophobic core of thylak0|d r“:mbrane bye HIS

tail

Absorption of Light by Chlorophyll

o Chlorophylls mainly absorh-violet, blue, oringe ard reU Neyvelengtas. |

o Green and yellow wavelerigths art: legs: ¢beoried hy chioropiyils jard are transmitted or
reflectesi;-a'theugh tha yeilow!'colous. is Dften miasked Ly uarkergreen colour. Hence plants appear
green. \ -

Types of Chloroghyl!
Trere are rany'known Kinds of chlorophylls. Chlorophyll a, b, ¢ and d are found in
Ulikay2.dc photosynthetic plants and algae, while others are found in photosynthetic
pacteria and are known as bacteriochlorophylls.
Of all the chlorophylls, chlorophyll a is most abundant and the most important
photosynthetic pigment as it takes part directly in the light-dependent reactions, which
convert solar energy to chemical energy.
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Difference between chlorophyll ¢a’ and ‘b’

Chlorophyll a Chlorophyll b _

Molecular formula CssH7205N4Mg ‘ C55H7006N/'|\4:4 i
Functional group -CHs _L-eHG” .'_-_;'-_"-_ \
All photesynthe; |c - Al mssauaﬂow Wikl

Occurrence unganlsr"" excépe | | \ A { cﬂlcroghy 1l 'a’ in all green
| phatssyrithelic basteria. nlants anm.green algae.

DIRY v D|1.er!:lmhfly i [hpw red

No such different forms

Forms 7\ |\ ) | || anscriing peaks e. ’
W evareso, 690,700 o exIsts.
11. %4 AHGar ) encias- A'Ju&ory Pigments
I\ ua.a erolds are yellow and red to orange pigments.
\Fuictions
o They absorb strongly the blue-violet range, different wavelengths than the chlorophyll
absorbs. So they broaden the spectrum of light that provides energy for photosynthesis.
o These and chlorophyll b are called accessory pigments because they absorb light and

transfer the energy to chlorophyll a, which then initiates the light reaction. It is generally
believed that the order of transfer of energy is:
Carotenoids —— Chlorophyll b —— Chlorophyll a

o Some carotenoids protect chlorophyll from intense light by absorbing and dissipating excessive
light energy, rather than transferring energy to chlorophyll.
o Similarly carotenoids protect human eye.

11.1.7 LIGHT-THE DRIVING ENERGY
Light is form of energy called electromagnetic energy or radiations. Light behaves as
waves as well as sort of particles called photons. The radiations most important to life are
the visible light that ranges from about 380 to 750 nm in wavelength.

Role of Light
It is the sunlight energy that is absorbed by chlorophyll, drives the photosynthetic process
and is converted into chemical energy.
Not all the light falling on leaf is absorbed. Only about one percent of the light falling on
the leaf surface is absorbed, the rest is either reflected or transmitted.

Spectrum of Light for Plants
There are two types of spectrum:

. Absorption spectrum

o Action spectrum

" Filament af

oreen alea

\bhsorhunce

F|g 11.3 Engelmann illuminated a filament of Spirogyra with light that had been passed through a prism.
Aerobic bacteria moved toward the portions of the algal filament emitting the most oxygen, along the cells
in blue and red portion of the spectrum.

234



Chapter—l 1 Bioenergetics

1)
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2)

Absorption Spectrum

Graph showing relative absorption of different
wavelengths (colours) of light is called absorption
spectrum.

Absorption spectrum for chloroph'ls mmcatoﬂ tta
absorption is maximum iniolie anuwd marts cfth“ s.oe.,rrun tv-vo cb<-orpt|on peaks being
at around 430 and 670 nm respe ctqv=ly '-, W= e

Absorptlu paalmun caroter, mds are! 'Jnferent ﬁrum those of chlorophylls

Ho AL A S bl 8

1 14 L L

First action spectrum was

TWEnqehn snrin' 18?
X Nnrkﬁd 0“1|S'JI omra-

-

_g'-_ -1 a
A S 60 ||
£ 80k Carotenoids  Chlorophyll a
o

gl
2

[
10 AS
ol e bl i b i

400 450 500 550 600 650

Wavelength (nanometers)

Chiorophyll b

Relative rate of photosynthesis

A0 450 500 550 600 650 700 750

(1) (b) Wave length in nm

Wave length in nm
Fig. 11.4 @) Absorption spectrum of chlorophyll and carotenoids.
(b) Action Spectrum for photosynthesis.

Action Spectrum

Graph showing relative effectiveness of different wavelengths (colours) of light in
driving photosynthesis is called action spectrum.

It can be obtained by illuminating plant with light of different wavelengths (colours) and
then estimating relative CO2 consumption or oxygen released during photosynthesis.

Relation between Absorption and Action Spectra of Plants

As is evident from above figure, action spectrum of photosynthesis corresponds to absorption
spectrum of chlorophyll. The same two peaks and the valley are obtained for absorption of

light as well as for CO. consumption. This also shows that chIorophyII IQ i 'photos,y.ﬂhe*ib, L

pigment. I

However, the action spectrum of phatosynthesis.dogs n(t pa. alrﬁi' the "b.bOfp'[' ora °peurum
of chlorophyll exactly. Cegipared 2-:he, IucakSr N abtor. O*IO1 ypectrs Jm the peaks in action
spectrum are broader, and ihe\viil; )3 i, i ro fver and4 .101 s Jeep

Information Previdzd by Vpnctud

These tic | spectre; p*rovlde ollawing -'".'orm'étlon
Photosyntt: €sig, in the most- abisorbed range is more than the absorption itself.
I’Holtusvr thm ic' 17"500-600 nm (including green light) is more than the absorption of

4'1 2!h light by the chlorophyll. This difference is due to accessory pigments (carotenoids),

WhICh absorb light in this zone and pass on some absorbed light to chlorophyll.
When equal intensities of light are given, there is more photosynthesis in red than in
blue part of spectrum.
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11.1.8 ROLE OF CARBON DIOXIDE:
A PHOTOSYNTHETIC REACTANT

Source of CO>

o About 10 percent of total photosynthesis is carrled out.-sy. rer“eJtruaL pian*s rro vesi
occurs in oceans, lakes and ponds.

o Aquatic photosynthetic Jrqanlsr.ﬁ use di«colved -f CO3, brcar‘Jc-nates and soluble
carbonates that are present in\wvaterasicarlor spurce.

o Photo<yn Fesis, oucu.rng un lard \utilizes atinospheric CO.. A|r contains 0.03-0.04
percent o1 CCb) Y -~

Passage of £O te =r tﬁr in Plan o

_ ¢ >arpbn Hicize “enters the leaves through stomata and gets dissolved in the water

J \aliserbed by the cell walls of mesophyll cells. Stomata are found in a large number in a
leaf. Their number is proportional to the amount of gas diffusing into the leaf. Stomata
cover only 1-2% of the leaf surface but they allow proportionally much more gas to
diffuse.

Effect of Opening and Closing of Stomata
The entry of CO; into the leaves depends | paily rhythmic opening and closing
upon the opening of stomata. of stomata is due to an internal clock
Stoma is an opening surrounded by guard | jocated in the guard cells. Even if a
cells. Because of peculiar structure and | yjant is kept in a dark room, stomata

changes in their shape, they regulate the | \yill continue their daily rhythm of
opening and closing of stomata. opening and closing.

Stomata are adjustable pores, which are;
o Open during daytime when COx is required.
o Closed at night when photosynthesis stops.
Role of CO> in Photosynthesis
Reduction of CO- is done during light-independent reactions of photosynthesis by using
ATP and NADH (products of light-dependent reaction). Due to this, sugar is formed.
This shows that photosynthesis is not possible in the absence of CO..
11.1.9 REACTIONS OF PHOTOSYNTHESIS
Photosynthesis is a ‘redox process’ that can be represented by the following simplified
summary equation:

Reduction
6CO; + 12H,0 + Light energy —=™ ™, C¢H;1206 + 60, + £i2C,
Carbon Water glucose. <oxvger
Dioxide . | t -
\ Oxigagion — T T T

Phases of Photosynthesis . ' N .
If we condider absve equation tbat|shows-d.simpie relation, however photosynthesis is
not a s'#iple, 'single, ste: process, tit-is a complex one that is completed by a series of
simple stepid ot liedstior's. Taese reactions of photosynthesis consist of two parts:

1) T'Hel light-aepehdent reaction (Light reaction) which use light directly.

A | Ve lightsindependent reaction (dark reaction) which do not use light directly.

' The light dependent reaction constitute that phase of photosynthesis during which light
energy is absorbed by chlorophyll and other photosynthetic pigment molecules and
converted into chemical energy.
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o As a result of this energy conversion, reducing and assimilating power in the form of
NADPH; (NADPH + H*) and ATP, are formed, both temporarily storing energy | to be
carried along with H to the light independent reaction.

o NADPH; provides energized electron (and H*) while ATP_prevides rl||et'n|c¢| nnnrav e ‘hb'
synthesis of sugar by reducing COx, Uw\g redu cmo sower ahd grisnrical entroy uiN ADPH; and
ATP respectively, produced {3y light res<fiori, The energy s thns Stared in he molecules of sugar.

o This phase_of photosynthesis'is'a; 'S¢ cal led daric\reactinni-pecause ‘tHiese reactions do not
use light) diraetly anc-, can take piackequalty will both in light and dark provided
NADth '-md 4 Ta of |ght rcaaCtl n-<ie available.

Uight Rametloms
1 {1 1 .-' =, \
i | T - III

|

. A | ’
| | | 1Y Ligm
1 Wy ]

-2
T
Ty
4 i Sacraw (xapert)

Fig 11.5. An overview of photosynthesis: Light — Dependent Reactions (Energy — conversion) and Light-

Independent Reaction (Energy — conservation
QUESTION RELATED TO ABOVE ARTICLE

Write down a note on photosystems. (GRW 2021)
11.1.10 Light Dependent Reactions: (Energy conversion phase; formation of ATP and
NADPH)

Photosystems

Sunlight energy, which is absorbed by photosynthetic pigments drives the process of

photosynthesis. Photosynthetic pigments are organized into clusters, called photosystems,

for efficient absorption and utilization of solar energy in thylakoid membranes.
Components of Photosystem

Each photosystem consists of two major components:

o Antenna complex
o Reaction center
E-lcclnn’l transfor
Reaction- ',’
center :
Photon chlorophyll 3 Primary electron )
Oy / acceplor _ i |
7 .:@Mtiﬁ > _‘_'_-n(r.ncl.h s, _I ]
7 ! T~ ) ler
[ A S Antenta
1 :f :nri:.\ ~ pdgl;cul

) 5 5 | B (by aance) molecules

Fig 11.6 Light harvesting photosystem. Energy of light (photon) absorbed by photosynthetic pigment
molecules is transferred from molecule to molecule, and finally reaches the reaction centre where actual
energy conversion begins.
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Antenna Complex
The antenna complex has many molecules of chlorophyll ‘a’, chlorophyll ‘b’, and
carotenoids, most of them channeling the energy to reaction center . '

Reaction Center AYE»
Reaction center has one or more-z1olecules of: criloropliyil a alané wzf’f a-primary
electron acceptor and asscTiated eizetrori carriers of ‘erestror trangport system’.
Chlorophyll.a molecules of raaCtioh center anl'assaciated-proteins-are closely linked to
the nearby electraii transpalt svstem) Elestrortransport system plays role in generation of
ATP by Them (,SWO\IS 1 *
Light eiergy anscrtiec &y the plgment molecules of antenna complex is transferred
Uttirlately th'the eaction center.

10 gws af A otosystems
There are two photosystems. These are named in order of their discovery. These are:

o Photosystem | (PS I)

o Photosystem Il (PS 1)

Photosystem |
Photosystem I has chlorophyll a molecule, which absorbs maximum light of 700 nm and
is called Poo.

Photosystem 11
Photosystem Il has chlorophyll a, which absorbs best the light of 680 nm, so called Peso.
A specialized molecule called, primary electron acceptor, is also associated nearby each
reaction center. This acceptor traps the high-energy electrons from the reaction center and
then passes them on to the series of electron carriers. During this transfer, energy is used
to generate ATP by chemiosmosis.

Mechanism of Light-Dependent Reactions
In predominant type of electron transport called non-cyclic electron flow, the electrons
pass through the two photosystems. In less common type of path called cyclic electron
flow only photosystem 1 is involved. Formation of ATP during non-cyclic electron flow
is called non-cyclic phosphoylation while that during cyclic electron flow is called cyclic
phosphorylation.

11.1.10 (a) Non-cyclic Phosphorylation
In non cyclic phosphorylation, electrons are not reused. It involves both photosystem i.e
photosystem Il (involved first) and photosystem | (involved later), which are joined by
electron transport chain.
The path of electrons through the two photosystems . duting 4 noi-eyclic
photophosphorylation is known as Z-scheme,from its shane— ' |

1. Excitation of Electrons _ . \
When photosystem 1l absorixs lighi-two clections are, exdited ito fa nigher energy level
from chlorephyll Peso. These glictransic arelacieptad ny-srimmary eleciron acceptor of PS 11.
The oxidrzzd cf ..uropl“y'l i3 no"\/ a v*r) exidizinig agent, which is ready to fill its electron
holes. .

2. Photelysis

¢ AN encrme apIItS water molecule into two hydrogen ions and oxygen atom, which

L8 imimediately combines with another oxygen atom to form O.. This water splitting step of
photosynthesis is called photolysis.

o Electron produced fill the hole of chlorophyll. Oxygen produced is the main source of
atmospheric oxygen.
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3. Electron Transport Chain

o Each photoexcited electron passes from the primary electron acceptor of photosystem ]
to photosystem | via an electron transport chain. This chain con3|sts of:

. An electron carrier called plastoquinone (Pq) | [~

o A complex of two cytochromes - VE T AN Y -

A copper containing protein- “allea n'astmyan r (Pc
4. Photophosphorylation !
As electzdns, mova-.Gown the/ c;am ‘el energ; Joes on decreasmg and is used by
thylakoiz rneimbraiie to promw AFD
Synthesis af FATP oy light ena:gy is called photophosphorylation. As it takes place during
. oNk ycnc nhate, s specifically called non-cyclic photophosphorylation.
1% M\T.P generated by these light reactions provide chemical energy for the synthesis of sugar
‘guring the Calvin Cycle (second major stage of photosynthesis).

W

5. Link between Photosystem Il and |

The electrons reach the bottom of the electron transport chain and fill the electron holes
in P70 (chlorophyll a molecule in reaction center of photosystem 1). This hole is
produced when light energy is absorbed by molecules of P70 and drives an electron from
P700 to the primary acceptor of photosystem I.

INVOLVEMENT OF PHOTOSYSTEM |

o The primary electron acceptor of photosystem | passes the photoexcited electrons to a
second electron transport chain, which transmits them to ferredoxin (Fd), an iron
containing protein.
An enzyme called NADP reductase then transfers the electrons from Fd to NADP. This is
the redox reaction that stores the high energy electrons in NADPH. The NADPH will
provide reducing power for the synthesis of sugar in the Calvin cycle.

. <
—
oy CH.O0 |\u;u Primary L\\‘ (,-;9?)"%

4 Primary | e seadl ’
| aceeplor \\‘1 0 o
N .
@ 2 0,,,‘0 ' v
8, \ reductan M

=
4 ADPH]
2 KCytoehrome "’oév ;,-\;y; ADPH
: complox o | ' v
- H"
“ e
: o S
z SN
o - = '.-tf |
—r
=i 5
Ligmis] \‘)—.'—\ Blecti=zPow ¢ mldn ,&’J\’;
f ‘/—Sa — hr hmdngmee
e o e 1My y I‘-onulrm-
e oo | A Al ]'$ g
PROTSCYSI N I (L TA il

Fig 11.77 Npa-cylic! efect-oh fiow during pnotosynthesis ATP, NADPH and oxygen are generated. The
arrow trace the curient of ligh®siiven electrons from water to NADPH. Each photon of light excites single
¢lecirpn but the déagrain tracts two electrons at a time, the number of electron required to reduce NADP*.

. The hjrareseu steps are described in the text.
} QUESTION RELATED TO ABOVE ARTICLE

Sketch Non - cyclic phosphorylation with energy yielding steps. (SGD 2022)
Draw and label Z- scheme/non- cyclic phosphorylation. (LHR 2017)
Describe non-cyclic photo-phosphorylation. (DGK 2021)
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11.1.10 (b) Cyclic Phosphorylation

Under certain conditions, photo excited electrons take an alternative path called cycllc

electron flow. This path uses photosystem | but not photosystem II .

Cause N B Dt T P s
Possibly it happens when the chloraplast ru nd lowy i ATPor '*he La vin \,yrlé, e cycle
slows down and NADPH gegumul atelin cmurcpla*t Tt is rise) |n NALDPH may stimulate a
temporary shift from non| C)CFIC o rcllc elm tr fh aluritil ATP supply meets the
demanz.y ) | Y o |

Mechanism of Cyrlit Dro phory atlt,r. )
The cyclic'fiovy'i Is Shpry cire CUL

o RN |1| electriris-cycie back from primary electron acceptor to ferredoxin (Fd), then to

N uj_-t | '-.u"tar hirome complex and from there continue on to the P70 chlorophyll.
! ATP is generated by the coupling of ETC by chemiosmosis. Cyclic flow generates only

ATP, so called cyclic photophosphorylation.
There is no production of NADPH and no release of oxygen.

Photosystem 11

! l
! 1
|
NADP+
Primary | ! \DP
acceptor : !
A I "
: NADP+
i : reductase | — NADP+
) |
: | "‘ NADPH
1 :
! 1
Pso | :
! . 1
.. @ : E v.r e :
- oo | ey o> |
---  chemiosmotic -
s : synthesis of Photosystem l:
| 1
! |
! 1
! 1

Fig11.8 Cyclic electron flow in box. Only PS I involved. ATP is generated but no NADPH and oxygen.
11.1.10 (c) CHEMIOSMOSIS
Process during cyclic and non-cyclic phosphorylation by using membranes to couple
redox reactions to synthesize ATP is called chemiosmosis.
Site of Chemiosmosis during Photosynthesis e
Chemiosmosis during photosynthe5|s takes; wace in thy'""md i n.'r._'re nEs~
Mechanism '
Different steps occurring cur’ ing.this [.rCC(Do\ are!

o Electron tzarsport pumiss. protens (™) Acinss tae-meifivrane of thylak0|ds into thylakoid
space. -

o Energy fou this OU"T‘l)II g comes fiom the electrons moving through the electron transport
eralr. Thig enaiow is-stored as potential energy in HY, which are lifted up across the
irfeitoraric-

I ;_ “Next, the hydrogen ions move down their gradient through special complexes called ATP

synthase, which are built in the thylakoid membranes. During this diffusion of electrons
the energy of electrons is used to make ATP.
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Fig. 11.9 Electron Transport chain and chemlosm05|s coupling of ETC and formation of ATP by chemiosmaosis.

11.1.11 Light Independent (or Dark) Reactions: Calvin cycle: carbon fixation and
reduction phase, synthesis of sugar

The dark reactions take place in the stroma of chloroplast. These reactions do not

require light directly and can occur in the presence or absence of light provided the

assimilatory power in the form of ATP and NADPH, produced during light reactions is

available. Energy of these compounds is used in the formation of carbohydrates from

CO- and thus stored there in. These reaction can be summarized as follows:-. . :

3CO; + 6NADPH + 9ATP — (CH20)3+6NADP+9ADP 9r~w ..r')C'- ;:;

Discovery r .
The details of path of carbon, in theselreactiong \Nere, d| AU O\ferﬁd by M Iv. : alvm and his
collegues at the University 01 Cal »rrk (‘aevn Was awa”dvd '\label F rize in 1961.
Definition - =, |\ )
The cyclicseries’ ef reartions, Latq'yzed iy respective enzymes, by which the carbon is
fixed and) lec,ur‘ed re. ulting.in the synthesis of sugar during the dark reactions of
r.‘op nsyPth= sis\it calica Calvin Cycle.

= I’ ci‘.bS |),| Catvii-Cycle
“JIN 1 Tnere are three important phases of dark reaction i.e.
3) Carbon fixation

4) Reduction
5) Regeneration of CO; acceptor
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Phase 1: Carbon Fixation

Carbon fixation refers to the initial incorporation of CO> into organic material. :
Keep in mind that we are following three molecules of CO2 through tiip;reactipn (ercme
3 molecules of CO; are required to produce gne molecu!e-oT Cat Hom drafc & th‘ :
The Calvin cycle begins_when a ymoleculz(0f T reacts with a hghly reactlve
phosphorylated five carbor; sugar r.1rr.eu ripylces tlsohaupha \RUE»P)
This reac Lorr is catalyZed by the Snzyrie risuldse-tispnosphate carboxylase, also known
as Rubised, (41 i5"the, o i apunaant protein in chloroplasts, and probably the most
abundart protem on th),

Ln brociuct af e reaction is a highly unstable, six carbon intermediate that immediately

‘hleaks “into two molecules of three carbon compound called 3-phosphoglycerate

(phosphoglyceric acid —-PGA).

The carbon that was originally part of CO2> molecule is now a part of an organic
molecule; the carbon has been “fixed”. Because the product of initial carbon fixation is a
three — carbon compound, the Calvin cycle is also known as Cz pathway.

Phase 2: Reduction

Each molecule of (PGA) receives an additional phosphate from ATP of light reaction,
forming 1,3 — bisphosphoglycerate as the product. 1,3 bisphoshoglycerate is reduced to
glyceraldehydes 3- phosphate (G3P) by receiving a pair of electrons donated from
NADPH of light reactions.

G3P is the same three carbon sugar which is formed in glycolysis (first phase of cellular
respiration) by the splitting of glucose.

In this way fixed carbon is reduced to energy rich G3P with the energy and reducing power
of ATP and NADPH (both the products of light dependent reaction), having the energy
stored in it.

Actually G3P, and not glucose, is the carbohydrate produced directly form the Calvin
cycle, for every three molecules of CO, entering the cycle and combining with 3
molecules of five carbon RuBP, six molecules of G3P (containing 18 carbon in all) are
produced.

But only one molecule of G3P can be counted as a net gain of carbohydrate.

Out of every six molecules of G3P formed, only one molecule leaves the cycle to be used
by the plant for making glucose, sucrose, starch or other carbohydrates 4nd Gther geginic
compound; the other five molecules are recysled to regenerate the'three midlecules efiive
carbon RuBP, the CO; acceptor. ' \

Phase 3: Regeneration of CO, Acciptor,; RUBP-

Through a-complex series pfirzactipng,, the tarben skeietons of five molecules of three-
carbon-G3P ‘are Manangvc |.o three maiecules of five —carbon ribulose phosphate
(RuP). . \

Fq"h RuP Is\plcsphorylated to ribulose bisphosphate (RuBP), the very five carbon CO>
afcantei with which the cycle started.

Again three more molecules of ATP of light reactions are used for this phosphorylation
of three RuBP molecules.

These RuBP are now prepared to receive CO> again and the cycle continues.
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Fig. 11.10 The Calvin cycle occurs in stroma of chloroplast. Carbon is fixed and reduced to sugar
What is photophosphorylation?
Define Bioenergetics. Also describe the role of photosynthesis and respiration.
Give an account of light independent reactions of Photosynthesis.
the Z — scheme.
Sketch and explain Calvin cycle in plants. (SWL 20219, MLT 2021)
Draw labelled sketch of Calvin cycle. (DGK-2021)
11.2 RESPIRATION
Living organisms need energy to carry on their vital activities. _Thi.:-, nemynls R cmj =d
from within the cells by the phenomenon of msplratlon o, [ ]
Definition WOV AN A
“Respiration is the univer »al DEGY e% L‘V wh*cl* “)rgc ni3mn’ s b/ eakdown complex
compounds-ontaining_caro:) in'al vva/ tha) aliows.the'cells to liarvest a maximum of
usable! eneigy” I blo'uqy he fem fe< iratigris used in two ways.
External respiration | '\ | L L L -
o MOT famili. 1r| / the term resplratlon means the exchange of respiratory gases (CO; and
(,]L Hetacen e organism and its environment). This exchange is called external

J TN _' ' | “rdspiration,

“Cellular respiration
o The cellular respiration is the process by which energy is made available to cells in a
step-by-step breakdown of C-chain molecules in the cells.
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11.2.1 Aerobic and Anaerobic Respiration N
o The most common fuel used by the cell to provide energy by cellular resplratloans 2\
glucose. ” “., el 'a_JJ -,'.ﬁ., v
o The way glucose is metabolized depends on-the avallabllly-uf @,xygpn,' P.-fil:Q_S t¢ er’.-t"r .3;«;-
mitochondrion, the glucose molect 4€~ is spl_'h; tﬂl,} Sl tvy (l?r.,ecuies of'p-'ru\ﬁ-&hud

o This reaction is called glyu,"c')l Sis ( -r‘no s;c lite al"Jy'-mbaél,llns sﬁ'-ln"-“md; clf sugar), and occurs
in the cxgose,! and is rgg,ws ntae *h ,llat"fo}\i o b
S '-. "., - “? Xgﬁa\ E‘I"
-.H ul\u u 1 |
N\ .1\] Y CH0, —— CGleo6 + Energy
J R‘l Glucose Pyruvic acid

This reaction occurs in all the cells and biologists believe that an identical reaction may
have occurred in the first cell that was organized on earth.
o The next step in cellular respiration varies depending on the type of the cell and the

prevailing conditions.
8 Biue and orange-red wavelengths
cause the highest rate of
photosynthesis

a

Relative rates of photosynthesis

400 450 500 550 600 650 700 75C
Wave length i in nm et
(a) (b) ot Al

Fig 11.11: Pyruvate, the end product of glycolysis, follows: -u.ﬁe ent -gﬂfabo':llc pe.thmam
depending on the organism andthemetabu,i'lc‘.condltlon- ."”-- IR { \ O™~

. Cell processes pyruvic acu.d in tI'rey a"lr .Iﬂla).s ar*'r.)h )|f.C el*lne Atatan, lactic acid
fermentation and aerobic le<o|ram-m -1 WA \ o\ PRABR=N Y

. The first ing reacmrs u~curwn q&hél abH er’ree O Gy gen and are referred to as anaerobic
(WIthOL- '5))" cen) VA \ T L

o The compeen:e .)red.kdowr of siucose molecule occurs only in the presence of oxygen, i.e.

ina |obu,c esp*m*:':)r Durlng aerobic respiration glucose, is oxidized to CO2 and water
<\ |“~,¢ ne anaigy is released.
f“ |HJ | \ 'L 2l '2 Anaerobic Respiration
‘x..' (|) Alcoholic Fermentation
In primitive cells and in some eukaryotic cells such as yeast, pyruvic acid is further
broken down by alcoholic fermentation into alcohol (CoHsOH) and CO..
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2NADH, 2NAD
2(C;H,0,) \ />'2(C2H5OH) ¥ 2C‘J1 A
Pyruvic acid ~ Eshyl'4lconol " | ! )

(i) Lactic acid fermentation’, L1 ]
In lactic asid fermentation, ‘ach pyitvig ¢cid molasuie”is converted into lactic acid
CsHqu in -fhe ’wen(,e cfuygﬂn ga: e

A 7N AR, 2NAD

INIRVAS 2(CH,0,) 2(CH:05)
' Pyruvic acid Lactic acid
o This form of anaerobic respiration occurs in muscle cells of humans and other animals

during extreme physical activities, such as sprinting, when oxygen cannot be transported
to the cells as rapidly as it is needed.

o Both alcoholic and lactic acid fermentations yield relatively small amounts of energy
from glucose molecule.
o Only about 2% of the energy present within the chemical bonds of glucose is converted

into adenosine triphosphate (ATP).

11.2.3 Aerobic respiration

Role of mitochondria in respiration: Mitochondria are large granular or filamentous
organelles that are distributed throughout the cytoplasm of animal and plant cells.

o Each mitochondrion is constructed of an outer enclosing membrane and an inner
membrane with elaborate folds or cristae that extend into the interior of the organelle.

o Mitochondria play a part in cellular respiration by transferring the energy of the organic
molecules to the chemical bonds of ATP.

o A large "battery” of enzymes and coenzymes slowly release energy from the glucose

molecules. Thus mitochondria are the *"Power houses' that produce energy necessary for
many cellular functions.

Adenosine triphosphate and its importance:
Adenosine triphosphate, generally abbreviated 'ATP" is a compound found-in every liviia
cell and is one of the essential chemicals of life. It plays the key rc'le;ar‘. n.-os'*f: bi_)fo'gdcal
energy transformations. - - [

o Conventionally, 'P' stands-for theentire ohwpi ate | ]iOLD The'isecona and the third
phosphate represent the so'called /*I'i |g1 erergy’ Hords. 1 these aresroken by hydrolysis,
far more frze eneryy isreleesed.as-cémbheared.ic-the other bond in the ATP molecule.

o The breakirig b thie rfefminél'nHosghiate of ATP releases about 7.3 K cal. of energy.

o Thne high energy: ‘B’ sond enables the cell to accumulate a great quantity of energy in a
. ey sinai-space and keeps it ready for use as soon as it is needed.

. The ATP molecule is used by cells as a source of energy for various functions, for

example, synthesis of more complex compounds, active transport across the cell
membrane, muscular contraction, and nerve conduction, etc.
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11.2.3 (a) Biological Oxidation

J The maintenance of living system requires a continual supply of free energy which is
ultimately derived from various oxidation reduction reactions. _
o Except for photosynthetic and some bacterial chemasvsthefic. jiracesses, wr iGh-ars

themselves oxidation reduction reastions; all -ether \cells depend Litimiarety “or their
supply of free energy on oxication #=actions inirespiratery frocesses. |

o In some cases biological, oxidatipn| involy/ey ' the' ren'cval of & ydrogen a reaction
catalyteoby the f‘cnydfogmaqps linkedl o spes.fic coenzymes.
o Cellulai resnination s ésseritialiy an-oxidation process.

11.2.4 Cellutar Respl -atir_
CauUlar jeshiracion may be sub-divided into 4 stages:

{ i*,;f_a' ' el Qlyzolysis (i) Pyruvic acid oxidation

Chij~  Krebs cycle or citric acid cycle (iv)  Respiratory chain
Out of these stages the first occurs in the cytosol for which oxygen is not essential, while
the other three occur within the mitochondria where the presence of oxygen is essential.
11.2.4 (a) Glycolysis

Definition
“Glycolysis is the breakdown of glucose upto the formation of pyruvic acid”.
o Glycolysis can take place both in the absence of oxygen (anaerobic condition) or in the

presence of oxygen (aerobic condition).
In both, the end product of glucose breakdown is pyruvic acid.
The breakdown of glucose takes place in a series of steps, each catalyzed by a specific

enzyme.

o All these enzymes are found dissolved in the cytosol. In addition to the enzymes, ATP
and coenzyme NAD (nicotinamide adenine dinucleotide) are also essential.

o Glycolysis can be divided into two phases, a preparatory phase and an oxidative phase.

o In the preparatory phase breakdown of glucose occurs and energy is expended. In the
oxidative phase high energy phosphate bonds are formed and energy is stored.

Preparatory phase

The first step in glycolysis is the transfer of a phosphate group from ATP to glucose. As a
result a molecule of glucose-6-phosphate is formed.

o An enzyme catalyzes the conversion of glucose-6-phosphate to its isomer, fructose-6-
phosphate. At this stage another ATP molecule transfers a second phosphate group.
o The product is fructose 1,6-bisphosphate. The next step in glycolysis is the enzymatic

splitting of fructose 1,6-bisphosphate into two fragments. Each of these molecules
contains three carbon atoms.

o One is called 3- phospo glyceraldehyde (3-PGAL) or glyceralderi/ce 3-i)! uspha1= (C By
while the other is dihydroxyacetone phosphq're Thest 'we-malesuias ereGsonters and in
fact, are readily interconveried by SeL angti er ghzymie L1 gl /C')l}'SIS

Oxidative (payoff) phase /

The next 5ten in glyzolysis ig clucial to this bresess, Two electrons or two hydrogen
atoms a2 rernoyed frony | the. mglecuie—of 3-phosphoglyceraldenyde (PGAL) and
transferiec (o & 'mcleculelof NAD.

J Tnis fis of dourse_an uxidation-reduction reaction, with the PGAL being oxidized and the
WA heiag reduced. During this reaction, a second phosphate group is donated to the
iwiolecule from inorganic phosphate present in the cell. The resulting molecule is called
1,3 Bisphosphoglycerate (BPG).

o The oxidation of PGAL is an energy yielding process. Thus a "high energy"” phosphate
bond is created in this molecule.
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o At the very next step in glycolysis this phosphate group is transferred to a molecule of -
adenosine diphosphate (ADP) converting it into ATP. - ".' -ﬁ- ,;--"
The end product of this reaction is 3-phosphoglycerate (3-PG). - Hh*"'u = . ARy
In the next step 3-PG is converted to 2- phosphoglycerate,(BF S, Fqum;"r’G a rmcdg die U
of water is removed and the product.is pho-.pmoeoob.l-p ﬂ*uvma (%—Pw [ @ \O~—
. PEP then gives up its ‘higtenergy: * dhospiat "Io'-cc nve‘-rt 'ta Jleupnﬁ rHoIecuIe of ADP to
ATP. '."'-.-"".|'I"' R
o The prow rr,l*t is o_y,ru-me ﬁy-runc chd I"Q-sl'?[bjh s equwalent to half glucose molecule
that hac';ﬁun : |d12!=d-.tc- the-.,e»tent“‘a'f.!omng two electrons (as hydrogen atoms).
1 |I '. ! | II l ' " __. Glucose
- Y }I I', I|I' I|_',.\_ I' I"'_.
= [ U ShalokLrviation o
I ) '\-.II“-] ll‘ ‘Illll'\.L ;';mco;:b\ 'A;‘P ”
| .1'1' |\-'.-: b :

2-3. Rearrangement,
followed by a second
ATP phosphorylation.

4-5, The six-carbon
molecule bs split into
two three-carhon
molecules-one G3P,
another DAP, that is
converted inta G3P in
another reaction,

6. Oxidation followed by
phosphorylation produces
two NADH molecules and

Glucose 6-phosphate

Fructose

Fructese 1,

3 ~
& & &%
"o ¥
¢ Glyceraldehyde 3-

Dihyvdroxyaceton
phonpbulc (DAP)

E@

6-phosphate

1O,

Preparatory phase

6-bisphosphate

phmphuu (G XP)

> . mw S|
two molecules of BPG, NAD Py P e
each with one high-energy £
phesphate bond. H +
1,3-Bisphosphoglycerate 13- Blsphosphoghecnk
{BPG) (BPG)
7.Removal of high-ene
phasphate by g(‘vlv'o Al;g) ADP ) @
molccules produces two '
ATP molecules and leaves
two IPG malecules. w :
3-Phosphoglycerate 3-Phosphoglycerate
(3PG) 3rG) g
: f* W =
S a4 T, I-Il‘.:
89, Rm:g;lo(\:mlryleldl '|' o TN 1% —
two molecu 2 CARY
psty wlthlhlgh-::er.y =3 -"how_h_;w?"" v T\ d-Phioe, hoﬂwrw e £
phosphate bond. ) - £ ! i | (4PG
i % i N vy 'R '. |“‘_:, [ |
3 | \ I 4 {1 )At' | Q) et [
— LT \: |H1'L-" e T ,0
l'll Illl 11 hl' _ll K I... . ll-. ..' ; E; 2 '
14 L 1 1 L e e
AL AR LR L b Phowhonol pyrmn Phosphoenol pyruvate
_— j--—'ﬂ—lf—lr—ll—ll——lh (’l’)
% K0 FHemivial af Kigii-en
SI1MIAN K )»eww.bymoM;P ADP
- .-,\| ARYE AN I | molecules produces two
IV RN AY B ATP molecules and two
LI kY ’ pyruvate molecules.
el T Pyﬂwne Pyruvate e

Fig 11.12 Two phases of glycolysis. All of these reaction take place in the cytosol.
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QUESTION RELATED TO ABOVE ARTICLE
Describe various steps involved in oxidative breakdown of glucose to pyruvate.

Sketch the process of glycolysis. (No description required) [ WFS122622)
Discus glycolysis. Give scheme of.reactions'as.weli. ' 1 (F\VP 2022)
Sketch two phases of glygolysis. = ARARRIR RN (LHR 2019)
What is q yeolysis? Draw iits schernelcf I"E‘.,tlf)n'\S - ) (DGK 2019)
Make & Ofnpl'-*te sketch afiglt /COI)‘IQ ' (SWL 2021)

Sum up Hw much enﬂqy (as ATP) is made available to the cell from a single
(bigose mlscie by the operation of glycolysis, the formation of acetyl CoA, the

";.tnc acid cycle and the electron transport chain. (Exercise Question ii)

Trace the fate of hydrogen atoms removed from glucose during glycolysis when
oxygen is present in muscle cells; compare this to the fate of hydrogen atom
removed from glucose when the amount of the available oxygen is insufficient to
support aerobic respiration. (Exercise Question iii)

11.2.4 (b) Pyruvic acid Oxidations

Pyruvic acid (pyruvate), the end product of glycolysis, does not enter the Krebs cycle directly.
The pyruvate (3- carbon molecule) is first changed into 2-carbon acetic acid molecule.

One carbon is released as CO> (decarboxylation).

Acetic acid on entering the mitochondrion unites with coenzyme-A (CoA) to form acetyl-
CoA (active acetate). In addition, more hydrogen atoms are transferred to NAD.

11.2.4 (c) Krebs Cycle or Citric Acid Cycle

Acetyl CoA now enters a cyclic series of chemical reactions during which oxidation process
is completed. This series of reactions is called the Krebs cycle (after the name of the
biochemist who discovered it), or the citric acid cycle.

The first step in the cycle is the union of acetyl CoA with oxaloacetate to form citrate. In this
process, a molecule of CoA is regenerated and one molecule of water is used. Oxaloacetate is
a 4-carbon acid. Citrate thus has 6 carbon atoms.

After two steps that simply result in forming an isomer of citrate, isocitiate, oxigaticn
takes place. This is accompanied by the removal of a melecuie of,'C-'C')a. |he.resu.‘f (T
ketoglutarate. .

It, in turn, undergoes furthe: o<|d“*. a gNAD LM N IJAF H.) iolow: 2d by decarboxylation (-
CO2) aridzdaition pfa.nolectle of dwarer,

The prcatct then nas ane carbon ateiiand one oxygen atom less. It is succinate.
Theronversior; hf ‘a “letoglutarate into succinate is accompanied by a free energy change
Iiith iutinzed in the synthesis of an ATP molecule.

The next step in the Krebs cycle is the oxidation of succinate to fumarate.

Once again, two hydrogen atoms are removed, but this time the oxidizing agent is a
coenzyme called flavin adenine dinucleotide (FAD), which is reduced to FADH..
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Fig11.13: Outline of the Krebs cycie. The brac,

T D T i =-:':::. ! i
\ 4. toh termediate of the cycle.
1

1 )'aloacetate may now combine with another molecule of acetyl-CoA to enter the

. With the asidition of aragthe IS converted to malate.

. Anothe

cycle and the whole process is repeated.
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QUESTION RELATED TO ABOVE ARTICLE
Sketch Krebs cycle and discuss its energy yielding steps

Sketch Calvin Cycle (no description). | Y 'i ‘. - (.'i-_l.l—lR: 2016}
Write note on Calvin Cycle, ' \R ARRR . kLHR 2019)
Explain Y1 ¢b’s cycle iz-detail, Praw ilow ¢héet dizgram of its r‘ea;:tion. (MLT 2019)
Draw ei'i'(‘_"'de:;&_ribe'- tré Celviry Cyf_-ée. o (LHR 2021)
Sketch elnél 'ex;)l.c'—li.'n calvin cycle in plants. (LHR 2021)
A fe;w and label Calvin cycle. (Description is not required) (GRW 2021)
Draw the outlines of Kreb’s Cycle. (BWP 2021, LHR 2022)

Explain the roles of the following in aerobic respiration (a) NAD+ (b) FAD (c)
Oxygen.

Sketch Kreb’s cycle and discuss its energy yielding steps. (Exercise Question iv)
Describe various steps involved in oxidative breakdown of glucose to pyruvate.

(Exercise Question v)

11.2.4 (d) Respiratory Chain

()
(i)
(iii)

In the Krebs cycle, NADH and H* are produced form NAD*. NADH then transfers the
hydrogen atom to the respiratory chain (also called electron transport system) where electrons
are transported in a series of oxidation reduction steps to react, ultimately, with molecular
oxygen.

The oxidation reduction substances which take part in respiratory chain are:
A coenzyme called coenzyme Q

A series of cytochrome enzymes (b,c,a,as)

Molecular oxygen (O,)

Cytochromes are electron transport intermediates containing hazem|of“alated pldsthatic
groups that undergo valency changes.of iror, aiom., Hae) is tive sameiror, centaitiing group
that is oxygen carrying pigriieht in hasnogiohin., |

The path-0© eiectrons. iri the, raspiraiory chain-2ppears-to be as follows;
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Fig. 11.14 The respiratory electron transport chain and its coupling with oxidative phosphorylation.
NADH is oxidized by coenzyme Q. This oxidation yields enough free energy to permit
the synthesis of a molecule of ATP from ADP and inorganic phosphate.

Coenzyme Q is in turn oxidized by cytochrome b which is then oxidized by cytochrome c.
This step also yields enough energy to permit the synthesis of a molecule of ATP.
Cytochrome c then reduces a complex of two enzymes called cytochrome a and as (for
convenience the complex is referred as cytochrome a).

Cytochrome is oxidized by an atom of oxygen and the electrons arrive at the bottom end
of the respiratory chain. -

Oxygen is the most electronegative substance and the final ac\,c*)tnr i the elec r1n< A
molecule of water is produced. In addition, this finsi UXIH"*lon r)ruv dis@inolgh eriergy
for the synthesis of a third mnlecui= of ATF.

QUESTIONRE FAT b 1§ AEOV PRI GLE

Explainthe! roles-at tho'foilo»"ir?g'-i'n agrabic respiration (a) NAD" (b) FAD (c)

Oxyger::

Sketch resgirqtory 1Ie:trcn Lransport chain. Discuss the significance of ETC.

l)mcrlbe resnirétory electron transport chain. (GRW 2019)
L LExplar Electron transport chain in Mitochondria. (DGK 2019)

Sketch respiratory election transport chain. (MLT 2021)

Sketch respiratory electron transport chain. Discuss the significance of ETC.
(Exercise Question vi)
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11.2.5 Oxidative Phosphorylation

Synthesis of ATP in the presence of oxygen is called oxidative phosphorylation. )
Normally, oxidative phosphorylation is coupled with the resplratorv c! an. As ANEL c‘y,
described ATP is formed in three steps of the respiratory ch“ N .' ol B LW e
The equation for this process can he-2xpressel! asfollons: (7 4w T L et
NADH + H* + 3ADP + 3Ri ¥ Oy=4 NAD" + HO '+ 3"5\T'P

Where Pi is_inorganic phosoha‘ | L

The m Jle':.,llar machanism ‘of ovloratwe onosn’.v.ylatlon takes place in conjunction with the
respirati )r) Lhauw i, tae inner, memicrasie of the mitochondrion.

~Herg, al! 0, as lih phJTf :sytithesis, the mechanism involved is chemiosmosis by which

el2gtion yrahdpart chain is coupled with synthesis of ATP.

“lr, tins case, however the pumping/movement of protons (H*) is across the inner membrane

of mitochondrion folded into cristae, between matrix of mitochondrion and mitochondrion's
intermembrane space.

The coupling factors in respiration are also different from those in photosynthesis.
Glucose
I

Fructose &-phosphate N‘»Ujm

¥

a2 4
— L

4

Inhibits Fractusn 1 6-bapbanphate Activates

=
s

Pyruvats decarbosylaso

I-. A,T‘P-f‘- Acetyl-CoA
‘ ‘T Inhibit
Citrate | ]
> SNADH!

| Electron trsmapon
 Se——
|| ehemioomanks

Fig. 11.15 Stages in aerobic respiration. Stage 1: Formation of acetyl-CoA form pyruvate. Stage?:-The Krehs.cveie
Stage 3: Respiratory chain and oxidative phosphorylation. Each pair of H atoms entprlna [I.-‘ r:g')lmtory (hain'as
NADH vyield 3 ATPs

tmunma

Compare photosynthe5|s with reszivatiominiplants. | |
What is oxidlative phasphorylation? Ziscugs. ~ - (GRW 2018)
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KEY POINTS

Oxidation:
The addition of oxygen or removal of electron from a compound. is Cay:ea-oxidation. Tae

compound which release electrons said to e oxidizau: + 1 -
Oxidizing Agent: ! ) = ! .. ,
The compound which-ias 'ca|).ib;'iitjv ¢, remove "an_giectron form a compound is called
oxidizirz égeql. MAD is_a BLroNg o-_-ﬁ:ldizing égént, as it can remove electrons (H*) from a
comzoud) | | :
IRedueticn’
‘ The addition of electron or hydrogen into a compound is called reduction. The removal of
oxygen is also called reduction. The compound which adds electron is said to be reduced.
Reducing Agent:
The compound which has capability to add electron in a compound is called reducing
agent. The NADH: is a strong reducing agent, as it can give or add electron to any
compound.
CO2+H.0 » CeH1206 + O2
Accept of electrons by NAD and NADP:
Two hydrogen atoms are removed during oxidation in respiration and photosynthesis

from substrates.

o One hydrogen atom removes an electron from the other hydrogen atom. This hydrogen
atom with an additional electron is called Hydride ion. This hydride ion has one proton
and two electrons. This Hydride ion has now become anion. This hydride ion reacts with
NAD* or NADP* to form NADH and NADPH.

o The other hydrogen atom has only one proton. It has no electron. It may be called
Hydrogen nucleus. It is written as H*. It remains in free form along with NADH, till it
receives its lost electron during oxidation of NADH to NAD. This discussion shows that
the reduced NAD or NADP should be written as NADH + H, or NAD 4. It shpiiia not
be written as NADH, or NADPH.. | ! .

Chemiosmosis: ' p— _ . B! _

Word cheriiasmosis is-farraed /of two Greak, word_Ciiemo means-chemical reaction and
osmosis=inéars, push. Tae c?upiir_\o rgaction in which synthesis of ATP molecule takes
durirg movemant of'H across an H* gradient is called chemiosmosis.

sefrlerasy”

' The compounds, having same general formula but different structural formula are called
isomers, e.g. glucose, fructose.
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EXERCISE

Q.1. Encircle the correct answer from the

i)

i)

"ll:)

MIhay
1 pictesyrithesis at its maximum rate?

multiple choices.
Magnesium is an important nutrient

ions in green plants as it is an

essential component of: ¢ =
(a) Cell sap _ [/
(b) Protein |
(c) Chlorepityll
(d) Glucose 1\ 1 LY
al creen plant performs
(a) The rate of water loss is low

(b) The water content of the plant will be
low

(c) The energy content of plant will be
low

(d) The energy content will be
unaffected.

During the dark reaction of
photosynthesis, the main process

which occurs is:

(a) Release of oxygen

(b) Energy absorption by chlorophyli
(c) Adding of hydrogen to carbon
dioxide

(d) Formation of ATP

Which statement about ATP is not
true?

() It is used as an energy currency by
all cells

(b) It is formed only under aerobic
conditions

(c) Some ATP is used to drive the
synthesis of storage compounds

(d) It provides the energy for many
different biochemical reactions
Glycolysis:

(a) Produces no ATP

(b) Is the same'as fermeriation?./

(c) Takes miate it mitochonadrin

(d) Reduzes twho\ moiaciilss (of-NAD*
forevely gluGese raniecdie processed
The citric acid cycle:

_/(ajTakes place in the mitochondrion

(b) Takes place in cytoplasm
(c) Takes place in chloroplast
(d) None of these

vii)

Which  statement about the
chemiosmotic mspiianism S~/ ndt
true? v 8 ' :

= (&) | \Protong retlirh thrbugh' the

viii)

Xi)

Q.2.

membraie by \way bf a channel protein
(9).Prsitons  arz~ pumped across a
membrane

(c) Proton pumping is associated with
the respiratory chain

(d) The membrane in question is the
inner mitochondrial membrane

Which statement about oxidative
phosphorylation is not true?

(a) Its function can be served equally
well by fermentation

(b) In eukaryotes, it takes place in
mitochondria

(c) It is brought about
chemiosmotic mechanism
(d) It is the formation of ATP during
operation of the respiratory chain
Before pyruvate enters the citric
acid cycle, it is decarboxylated,
oxidized and combined with
coenzyme A, forming acetyl CoA,
carbon dioxide and one molecule of:
(a) NADH (b) FADH:2

(c) ATP (d) ADP

In the first step of citric acid cycle,
acetyl CoA reacts with oxaloacetate
to form:

(a) Pyruvate  (b) Citrate

(c) NADH (d) ATP

When deprived of oxygan, yeast.ceils
obtain energy | by fermeiatipn,
pradicing earhoh [ dibxice, —ATP
and) s ?

{a) Acktyl CeA (b) Ethyl alcohol
(cjLactate (d) Pyruvate

by the

i B vi E

i [ viii B
iv J§ ix

a
v | x b
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i)
N NN
Ans:

Q.3.
Ans:

=i

Q.4.

Ans:
i)

Ans:

Write whether the statement
is ‘true’ or ‘false’ and write the
correct statement, if it is false.
Hydroponics are the plants grown in

water culture.

Calcium is essential
chlorophyll fsimnation.
I\/Iagnesu,m is | gssentigl ehme it m.
chlorophy!l n'rra 0.

"h(o.ws ne'-ns vﬂ'iowmg of leaves
dur to- aericiency of certain essential

ele_mh,nt T

“element of plant nutrition.

i) True i) False
Short Questions

(For answer to short questions consult
KIPS Objective Series)

Extensive Questions.

Explain the roles of the following in
aerobic respiration

(a) NAD+ (b) FAD (c) Oxygen.

(See article 11.2.4.d)

Sum up how much energy (as ATP) is
made available to the cell from a single
glucose molecule by the operation of
glycolysis, the formation of acetyl
CoA, the citric acid cycle and the
electron transport chain.

(See article 11.2)

iii) True

i)

vi)

vii)

.m mwscle LG“Q
| the | fate | of
\removed '%0m| olucose when the
—amount of the available oxygen is

Trace the fate of hydrogen atoms
removed from glucose during_ :
glycolysis when, g 'ycwn i3 presei
foimpare| this—ic &
Nydrsgen  atom

insufficient to support aerobic
respiration.

Ans:  (See article 11.2.4 a)
Sketch Kreb’s cycle and discuss
its energy yielding steps.

Ans:  (See article 11.2.4 c)
Describe various steps involved in
oxidative breakdown of glucose to
pyruvate.

Ans:  (See article 11.2.4 a)

Sketch respiratory  electron
transport chain. Discuss the
significancWe of ETC.

Ans:  (See article 11.2.4 d)

Compare photosynthesis  with
respiration in plants.

Ans: (Seearticle 11.1 & 11.2)
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