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Rioznergetics is! thz guaniitative study of energy relationships and energy conversions in
" hintogieal si/stems.,

%' | ‘Blioiogical energy transformations obey the laws of thermodynamics.
o 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 capturing while mspuauor. s an er*"rgv k& |w S
process.

.- HEBIB
| comzmonarad R ﬁ@LM

Photosvzithizsis| cairbe, Cetiried as i brocess in which energy poor inorganic oxidized
compounas' ot zatbon’ (CC2j and hydrogen (mainly H,O) are reduced to energy rich
carbichydrate, i.2.-glucose (sugar) using the light energy that is absorbed and converted
inta_chizimiical energy by chlorophyll and some other photosynthetic pigments.
Uhemical Equation
The processes of photosynthesis in green plants can be summarized as:
6CO, + 12H,0 + Light —= 5 CeH1,06 + 602, + 6H20

229



Chapter—l 1 Bioenergetics

11.1.1 Photosynthetic Reactants and Products
Consider the following equation;
6CO> + 12H,O + Light —®™ls CeH1206 + 60 @HLO
This equation shows that carbon dioxide, wagel, and lighf are _the'react 'm 5 vvhu’-‘ uh‘om and '
oxygen are the products. Water appearc on.ksth »rde 5 Of the equy mun nec Juse-water is used as
reactant in some reactions an« releascc ac pro Jurt g other, Hcvm Ve bechuse there is no net yield
of H.Oy w can cmp..fy the'su; m.na.o,\equqvorro‘ mowsynthesm for purpose of discussion:
6¢; Q2 )HzO 4 Liginn — CeH1206 + 602
Relatlon bsiween, F’hmos /ritheisand Respiration and
s .' hemica ”quatlon of photosynthesis is almost exactly opposite to the overall equation of
_|gerobic respiration (CsH1206 + 60, —» 6CO; + 6H,0 + 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.s¥
atmospheric oxygen, which most organisms need for aeroblc resrurun A and (ks for
obtaining energy to live. [ o =

Discovery about Involvement of \A/ater ‘n Oxygen ! rofuition

o In 1930s, Van Niel hypoth@swea tnat plaris »pm water av2 sodrce of hydrogen, releasing
oxygeti as a -by=product.| Neil’s |hypothesic' was based on his investigations on
photosyhtni*si |n tacterial thet “make carbohydrate from carbon dioxide, but do not
reledpe cxyq"en

e [ NS nyjpothesis was later confirmed by scientists during 1940s when first use of

JA biological 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 contalnmq O18 and wnfh vy .

COz containing common oxygen O*°. AN (UL
These plants produced O, \ NN | o\t
Group — 1 plants; CO2(% T ’H2(“15——+C-Iz o+ H o + 180, T
Second Group )

Plants in't:esecos |u amup /vere Q{plved Wrth 'H0 contalnmg common oxygen O but
with CG; nma nnc cis

The> plants dl'd nLt produce O18

NN ~Group 2 Plants: CO,18 + 2H,0 —CH,0% + H,0% + O,

"o " These 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 envelgpb.

o This envelope encloses dersz fluid_filled-i€gion caliea, the streme, \whicii contains most
of the enzymes required to 'orocuce cartiolycraie misiecuize. ' '

o Another _systers-oT embranes, 1s SJS.ptndP.fj in the stoma. These membranes form an
elaborale Interzonnested set of flat; disc like sacs called thylakoids.

o Tiel [hylakpid ‘nvernbiiane encloses a fluid-filled ‘thylakoid interior space’ or ‘lumen’,

{\ich s separated from the stroma by thylakoid membrane.
In some spaces, the thylakoid sacs are stacked in columns called grana.
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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--. |

stroma of chloroplast. thylakoig=j_— (1)
11.1.4 Photosynthetic Pigments — . .--u—.-=—~—'—-—.*'—,r — e
“Pigments are the substances that - Lbsarb Vl 1b‘t, ll?hf (?30 7L O ’m’ in Wa"e‘*‘ngth) ”
Types : - \
. Light can work in chﬁsroplau{% |, i iy ab~oﬂ beg Thy dkOId membranes contain several
kinds cfaigments, $omo irpos tanc.d nes aroy
o Chlorophyll vihica ls ingin) ;i'r\rtosynthetlc pigment.

_Gtha| accesor; /\ot o&ssynthetic pigments present in the chloroplasts include yellow and
N " dlaigeciored carotenoids.
J | %5/ Kanthophylls are yellow.
e 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 v -y

that are absorbed disappear. |
An instrument called Spectrophotometer is used to measura 't’G.ldL"Vt' ebu-tutes f ¢ |Pfe~=r-L-
pigments to absorb different wavelengths of light. \

A graph plotting absorptisi| of light of uiffelenr wa /elewgfh' b" n plgment is called

absorptlon soectrum of the, pigrient.
- i‘g Eﬁi’ BG‘VEART|C|_

Explaiit t‘l c'rﬂm opla st as Lhe “sitésof photosynthesis” in plants (GRW 2017)
11.1. 5 Chle"op aylis |\ B
Chiblonlylis.ate Thain photosynthetlc pigments. CHO in chlorophyll b
S ] sahese Tare insoluble in water but soluble in H,C CHin chlorophyll a

organic solvents such as carbon tetrachloride,
alcohol etc. 2
Structure
A chlorophyll molecule has two main parts. H,C »—cH,
iii) One flat, square, light absorbing hydrophilic
head.
iv) Other long, anchoring, hydrophobic, g ' CH,
hydrocarbon tail.
i) Head
o It is complex porphyrin ring, which is made up
of four joined smaller pyrrole rings composed of Phvtol
carbon and nitrogen atoms (tetrapyrrole ring ey brocssbon)
structure). il
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 chlorophyll
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 rm.*."brane bye $TES

Porphyrin ring
(absorbs light)

tail ™

Absorption of Light by Chlorophyll o | |

o Chlorophylls mainly absorh-yiolet, b'ue, erange ard red No-V(:|eI19'[|’S

o Green and yellow wavelerigths ar lebs: abéormed h\ chiompiyils fard are transmitted or
reflectes; qitheugh the.yellow cotous. is pften maskell Ly uarker green colour. Hence plants appear
green. -

Types of Chlotioghyli :
Trere are ranyiknown Kinds of chlorophylls. Chlorophyll a, b, ¢ and d are found in
Ula yodc 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’

Molecular formula

CssH7205N4Mg

C55H7006N/1 MJ

Functional group

-CHs

(\uc— I .-._ ... 0 :"-_

—— L1t bk Nk

All photesynthe; |c

n assau!auo 1 /vn.i,

Occurrence -uiganisi GeXCEPL | | { cilcro! phyll fa’ in all green
_ | photgsyrithatic basteria. ' r\'ams ana.green algae.
—~__pDifiersli Jhtly i [bm:r red
Forms |\ | ‘ansdriinis 'eeaks e.g. eNxci)sigCh different forms
\|£75,680, 690 700 nm. '

Chlorophyll a Chlorophyll b =

1155 Card enuds Ai(es sory Plgments
N »__-.[I \':'asa eroids are yellow and red to orange pigments.
“Huictions
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 ai
areen alga

Absorbance

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.
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1)

2)

Absorption Spectrum

Graph showing relative absorption of different
wavelengths (colours) of light is called absorption TWEnqehneam i 18(’? m
spectrum. o orkad on| S'Jlr’om,,ra .'*«f“:x
Absorption spectrum for chlorophky!ls mmcct% that! \—

absorption is maximum infbfie and-rad ﬁ’arLs crf th“ s.oerrrun tvvvo cb<-orpt|on peaks being

First action spectrum was

P

at around 430 and 670 nm liespe’ ctav=ly '. - - L
Absorptlu pnakqm emt@r mds ax'jl f(>rer|hff9m those of chlorophylls
1 ‘o — - —'-— R - - 8
J Sﬂf I'-":' o a | cause the lliglml rates nl
R 70~ a o photosynthesis,
o 60"' ; | .E 6 —
2 5l | | Carotenvids Chlorophylla| 5,
« »
= 40 25
= I~
3 30 =
1] -
E 20l Chlorophyll b :.4
10 LA\ b
ol oo b b b g %3
400 450 500 550 600 650 =
Wavelength (nanometers) 2y
tl | | y ; |
o :'8
LAy =4

(
400 450 500 550 600 650 700 7S50
@) (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 IS e p”\otos }vwm: \

pigment. [
However, the action spectrum of phntosynthe is.Aoes hit pa. alrouhm )or" grion °peurum
of chlorophyll exactly. Cosipared - ahe -iucaks' in abgorotion prctr im the peaks in action
spectrum are broader, and ihe viilzy; i nal ro fver al”l'L'WOl ¢sdeep. L

Information Pre \,'IO.’-‘d by bgnctra Yo

These tis 5pe ctre/provide cllc\Mn( 'mormatlon
Photasyntliesic, &n {he moast absorbed range is more than the absorption itself.

CPhatosyr. _thp~ ic' {177500-600 nm (including green light) is more than the absorption of

“g'ee night 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 photosynthe3|s is carrled out = Ter"e,,tna!_ pian S, th
occurs in oceans, lakes and ponds. —, ot

o Aquatic photosynthetic orfjanisnis®, use __dl‘<’0|\'ed oy, '-brcar Jc-nates ‘and soluble
carbonates that are present in’ thfl’ as rarL\or ) SOUICE:,

o Photo<yn fiesis- o«:cmrmg un Ian{ut lizes. 1t*nospherlc CO.. Air contains 0.03-0.04

percentiol’ CCy! _
Passage of £O; ta Erithrin| Pzan o
Carpbn dlcx-db enters the leaves through stomata and gets dissolved in the water

ANWINL alhse:bed 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
6COz + 12H,0 + Light energy —="1—  CgH1,06 + 60 + 19,0,
Carbon Water _ glucose <oxyger
Dioxide ' A

1 OXxiGakion —

Phases of Photosynthesis ' AL
If we zoplider absve equalion that|shows-a.simpie relation, however photosynthesis is
not a stiipig, \singlie, step process, _tiit-is a complex one that is completed by a series of
simple stepis oi; igactior's. . Taese reactions of photosynthesis consist of two parts:

1) - 7The light-cepeadent reaction (Light reaction) which use light directly.

M | Ve lighitsindependent 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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As a result of this energy conversion, reducing and assimilating power in the form of

NADPH; (NADPH + H*) and ATP, are formed, both temporarily storlng energy to be_ X

carried along with H to the light independent reaction.

NADPH; provides energized electron (and H*) while ATP_prewides: rl lernlgdu en,..rau_'mz_';:h'e-' B

synthesis of sugar by reducing CO, U“-"’\g rechmo BINEr and nienriical €ndrdy GEAASPH; and
ATP respectively, produced {5y light rea<tiors he errercy.stnrns'tcr“ec in hd molecules of sugar.

This phase of photosynthegis'ig a,so called dark resctinh-ecause tHese reactions do not
use light) directly dﬂﬂ- cefl take iach " equillw 'W|II both in light and dark provided
NADth A\ 1d / TF’ of |ght reactlcr‘ <re available.

Calvin Cycle

Fatty aci

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:
Antenna complex
Reaction center

Electron transfer
Reaction-
center
Photon chlorophyll

Primary electron ~
acceptor _ i 1L
|

N ‘Reactidn®,
venler

Antenna
pigment
molecules

| Thander—" %
| of energy
| 1" - ” (by resonance)

s
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 ‘@’ chlorophyll ‘b’ and v -

carotenoids, most of them channeling the energy to reaction center

Reaction Center N R N
Reaction center has one or more- —‘:ﬂolecu’ea, efcr lomplvy'l a? a.lan,gI with \a-primary
electron acceptor and asscTiated eicetrogi carrizis Hf elestror, tranyport system’.
Chlorophyll.a molecules of riact; ol denter and assaciated-proteins-are closely linked to
the nea rb ))/electenii uanqpm svstem\ Elestron f'ansport system plays role in generation of
ATP by chém csmo 3! |
~ Light elergy anscriec L,y the pigment molecules of antenna complex is transferred
Ultirlately th'the Teaction center.

T pds afl Potosystems

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 cigri'hg . noyi-eyzlic
photophosphorylation is known as Z-schems,from its shane: [ f ' '

1. Excitation of Electrons _ | ' _
When photosystem 11 absoris lighs-two elections are, axdited to ja nigher energy level
from chlorziphyll Peso. These glectransiare'acteptad by-gririary eleciron acceptor of PS 11
The oxid!zad'ci ..uropl“y'l is now a v*r) exidizing agent, which is ready to fill its electron
holes. ' .

2. Photelysip

o | [N enzyime 'splits water molecule into two hydrogen ions and oxygen atom, which
immediately 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

. Each photoexcited electron passes from the primary electron acceptor of photosystem o~
to photosystem | via an electron transport chain. This chain con3|sts of: ~ ’ 544 )]

. An electron carrier called plastoquinone (Pq) ey [ B

e Acomplex of two cytochromes AKe RN AS"

A copper containing protein= allea n!»astcsyan r (Pc,
4. Photophosphorylation
As electzdns| mova- Gown, *he c! an mel. QNErgy-goes on decreasmg and is used by
thylakoiz- raembrayie to RrooHICR-A
Synthesis o ATP by liakit enaryy is called photophosphorylatlon As it takes place during
—. onkeyclic | hhate, < specifically called non-cyclic photophosphorylation.
5 NTP (gEnerated by these light reactions provide chemical energy for the synthesis of sugar

S ‘during the Calvin Cycle (second major stage of photosynthesis).

3. L|nk 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.

)):%('l‘
Primary Q"’%"oo
- acceptor |\ 6,0 P

1 Primary - = 0

| % @,ec 2¢ N

‘. %, NADP
. Pq °0,,e © Nabpr ¥ +
£l k0% reductase 2H
g (Cytochrome| “c, 2 [NADPH
<1 8 ¢ +
& complex 4 =
2 N H
g = N e
51 c
E [ <Q gt A

! o 5\“ g

| call _/_

| ‘9& A

| Electn.. Bow p<ovides ( ‘& 5\’5‘

|  for | *h¢'mioymoic

syn he s 0 -1 "A‘L | P 105 nsystem-

PHOTGEYSTE T -
Fig 11.77 Npa-cirdlicierectroh fipw (uriag photosynthesis ATP, NADPH and oxygen are generated. The

arrowt trade the ctrien’ of lightsiiven electrons from water to NADPH. Each photon of light excites single
glectrpn but the dlagraim tracts two electrons at a time, the number of electron required to reduce NADP*.

Tlre nararesza 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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"« = ATP is generated by the coupling of ETC by chemiosmosis. Cyclic flow generates only
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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 N N

Cause =)
Possibly it happens when the chloranlast ru nd lowy c.I'D{TIf’ i'or '*he Ca! vin L];:Ié, e cycle
slows down and NADPH & \,cumulats- mmwrdpla*t (Thi§ riselin NADPH may stimulate a
temporary shift from non cychc th rcllc elm trcrf fh aluritll ATP supply meets the
demangy ) s Y \\

Mechanism of-Z \/"|I" Dro phory tlgr. —

The cyclic\fiovyis shore Cirguit.
o rFAHR 3Iec+rcr¢. cycie ‘back from primary electron acceptor to ferredoxin (Fd), then to
b | (',"'tar hirome complex and from there continue on to the P00 chlorophyll.

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

. NADP+
Primary

acceptor

NADP+

reductase | — NADP+

... .-. Energy for )
o W B chemiosmotic
- synthesis of Photosystem I

Photosystem I1

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 A
Chemiosmaosis during photosynthe5|s takes-piace in thylal<oid wiem Hre n&s;
Mechanism ] L\ A
Different steps occurring dur] ng.thi 3[.TCC93\. agh L) 4L LD '
o Electron trar sport Dur*‘pa protrn° (H*) across the meisirane of thylak0|ds into thylakoid
space. ‘-
o Energy fou this 0u*mn g comes fiom the electrons moving through the electron transport
..r.a r. Thig en*lu\ is-stored as potential energy in H*, which are lifted up across the
Arernoranie:

' | ) " | '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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Stroma Thylakoid interior

| 7 hylakmd
:nembrane

Thylakond"atvrlm-s}:ac.e (1umen ), “‘ \

./

) Proton (H+)
‘/2 -O' + 2L

Plastocyanin Photon
Plastoquinope —

e

Fig. 11.9 Electron Transport chain and chemiosmosis, coupling of ETC and formation of ATP by chemiosmosis.
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

3CO2 + 6NADPH + 9ATP — (CHzO)s + 6NADP + 9ADP - 9P SELC | (A

Discovery \ NN | o \oN=
The details of path of carbon in these) reacfnn /vere d| NG o»erﬁd by M Iv -Zalvin and his
collegues at the Unlver5|ty 01 Ca.. aria. Gatl vm Was avna“dvd '\L)bel Prize in 1961.

Definition - ~\ \
The cy"'m series cf oa‘tl NS, | u-atql\ zed By respectlve enzymes, by which the carbon is
fixed apd' recucedl ire. ultingin the synthesis of sugar during the dark reactions of
r.‘o[( nsyr?thﬂ sis|it clica Calvin Cycle.

Pm}%s brCatuii-Cycle

' "There are three important phases of dark reaction i.e.

-'.\'-

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 CO; through i rmr‘tnn (J"uche:' I

3 molecules of CO; are required to produce ane molecu!e-oi Ced How\'dhafe atrings).-

The Calvin cycle begins_when (a)moleculz{of Q4 reants Veith! a-highily reactlve
phosphorylated five carbor; sug? r.1rr.eu1 rin llcsetlsph%pha \RUE'nP)

This reac Lor. is catalyzed by the nzyrie risulose-tispnosphate carboxylase, also known
as Rubised (i) isrthe! rmost, apunarnt- protein in chloroplasts, and probably the most
abundarit pmteln on =a tu\

3 Y e |Jrncuc 2 {1 reaction is a highly unstable, six carbon intermediate that immediately

blears "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 carbohydratm dnd Gther o7giinic
compound; the other five molecules are recy<led to regeneraie me ) molnc Iles efiree
carbon RuBP, the CO- acceptor.

Phase 3: Regeneration of CO Acciptar, ix JBP ~

Through &-Chmplex seriss pfiractiong, the carben skeietons of five molecules of three-
carbon-G3P 'ate Manangvc |.o thred: maiecules of five —carbon ribulose phosphate
(RuP). .

Fq"h RuP s pl Csp horylated to ribulose bisphosphate (RuBP), the very five carbon CO;
arcantei 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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Hl()
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Phase 3 :
Regeneration of
CO, Acceptor
(RUBP)

Phase 2 :
Reduction

1@-@-P-®
G3pP Glucose and
' (a sugar) other organic

compounds

|
Fig. 11.10 The Calvin cycle occurs in stroma of chlorolast 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 A

Living organisms need energy to carry on their vital actlvmes Th-“-‘ne'"]y Is para dé_d"- I
from within the cells by the phenomenon of msplratlon Ay

Definition AR AS '}~
“Respiration is the uni‘el sal _pr Suess L*V Whlich ')rgc mqm S b eakdown complex
compounds-containing_caro. 1n a|way tha! a!nw; the cells to larvest a maximum of
usableleneigy” 1 blo!uqy he fei‘m fe< iratigia-is used in two ways.

External resp;ra*nn_ AR

o More familiarly) the ‘te? m resplratlon means the exchange of respiratory gases (CO2 and
; J <,]a. ebwien -thie organism and its environment). This exchange is called external
WY rdspiration.

"'Cell'ular 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
o The most common fuel used by the cell to provide energy by cellular resplratlo
glucose. ‘/leu 'n,"- )

o The way glucose is metabolized depends on-the availability GED rn. P tu

mitochondrion, the glucose moIecrls—.fjls split tr foim twérl— mo cyl ofllp uruvic-uc d
o This reaction is called glyc Ixsrs( =80 f '*al'i'y Jneé-ns'.tslelf-‘m (f sugar), and occurs

in the CX&Q% and is reme}ﬁnt‘e Lﬁ: gﬁ k L

Q) xR ’r‘\” s
) \\ ".'" f“” II".

CsH,O + Energy

Glucose Pyruvic acid
W e 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 Bive and orange-red wavelengths
cause the highest rate of
photosynthesis

a

\ Chiorophylb /)
\ A

H O oo

\ \ /
\ \ A
— -x N

Relative rates of photosynthesis

400 450 500 550 7600 650 700 75C
Wave length i m nm ,J—fﬁ
(a) (b) 9 Q[

.-"
—~
Fig 11.11: Pyruvate, the end product of glycolysis, foll eer.t te.bo':lc ! th},eeab
depending on the organism and the metab(ﬂlc.condltlnn—r - mw } \ 3\%

o Cell processes pyruvic acid in tlfr__} rr],a;er J‘Ea).s a.oh.)lf.c e}mehtét.aff Iactlc acid

fermentation and aerobic r.e<o|pa‘1r§’ \ r"“'. ". -. (AR T .

o The first tine, react_nmb uLcur \in \ er'ree of] [ sygen and are referred to as anaerobic
(WIthOL- )ryc.en) 2R '.

o The cornpee',e .pred.kdo»r/er'F h’rcose molecule occurs only in the presence of oxygen, i.e.

ina ]obrc -espfrn_,or" Durlng aerobic respiration glucose, is oxidized to CO2 and water
M J' T‘ & |‘@'g n2igy 1s released.
N\ i“\_l 1‘* J\QJZ Anaerobic Respiration
(|) 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(C5H,0,) \ /2(0 HyOH) +-2CP /™ )
Pyruvic acid '. ' h /I L Iconol AT

A

(i) Lactic acid fermentation| | __ 7 / \ s
In lactic acid fermentation, 2ach pyuvn <cm mol:Gch is con\,erted into lactic acid
CaHeCh3 i rhe ib:{ence of uygﬂm;@N -
N 7N’¥" 2NAD

| ._I p . 2(C3H,0,) 2(C3HeO;)
' 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 livit
cell and is one of the essential chemicals of life. It plays the key, r¢le/in-ost bi yiogical
energy transformations. | ([« '

. Conventionally, 'P' stands—ipr the_entire bho~pi‘at° Jioup. _'I_he secona and the third
phosphate represent the so called "I\ ighier ergy "'hords. Mthese are/sioken by hydrolysis,
far mo’e [Tze'erergyis reltdsed.ascl mbared.is the other bond in the ATP molecule.

o The breakirg i the relmind| nhosghiate of ATP releases about 7.3 K cal. of energy.

o Thel high e'“ierijy" ‘' cond enables the cell to accumulate a great quantity of energy in a
[ ' ey simai-space and keeps it ready for use as soon as it is needed.

o "~/ 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

. The maintenance of living system requires a continual supply of free energy WhICh |e (" ~\

ultimately derived from various oxidation reduction reactions.

o Except for photosynthetic and some bacterial chemos\m*m’uc [,I’C‘CEJaPS Whl(,-h o
themselves oxidation reduction reactions; all -thar’ c°II> depend Lltimiately for their
supply of free energy on oxiclation ezactians in fespiratery grocesses. I

o In some cases biological, uxi idatibn| |nvo|/e, the renigval of wydrogen, a reaction
catalyze eo ty the f!fenydmgenaqes \L\<ed *0 specific coenzymes.
o Cellulai résniration sesverrt al&y -uxidation process.

11.2. 4 Cell- lar'Respiratior,_!
nUlar vespiration may be sub-divided into 4 stages:

AL nyoiy3|s (i) Pyruvic acid oxidation
i) 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.

. One is called 3- phospo glyceraldehyde (3-PGAL) or glyceralcerivce Bpk uspha1= (C 2P
while the other is dihydroxyacetone phosghate. Thest fwe maleculas arefisoniérs and in
fact, are readily interconvertad by et angtiver enzyme ¢l gIJC')IySb

Oxidative (payoff) phase
The next, 5ten in glyvzoiysis 15 ciucial to this brosess, Two electrons or two hydrogen
atoms “a<e’ refoved (fior | the. miolecuie—of 3-phosphoglyceraldehyde (PGAL) and
transferiec 0 o 'mcleculelof MLAD.”

e . Tiislis of courte_an uxidation-reduction reaction, with the PGAL being oxidized and the
WAD 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. o
The end product of this reaction is 3-phosphoglycerate (3-PG). P =1 fal\)
In the next step 3-PG is converted to 2- phosphoglycerate 2FG), From ”.-’G ‘a mu_e'*uie:i.-
of water is removed and the productgs pho pnoehobp i uvm (’Ju P &b
o PEP then gives up its 'high ~.°nerg mhq{,p..aw toicq n\feft R 3 eoont* molecule of ADP to
ATP. / ,
. The pr:)wrt is pyruwvate, pwunc cid "t?,gr-:-bgf; s equivalent to half glucose molecule
that has-52en ! \Id'iZ""d 1 tt &l e»f‘en f.1ysing two electrons (as hydrogen atoms).
R R '. L bl Glucose ]
SN S
- -‘_J l'-,_'“._l "-,_ I "1 giucose by ATP.
x'.t' A\ T Glucose 6-phosphate
2-3. Rearrangement, @ ®
followed by a second & =
ATP phosphorylation. 2. =
Fructose 6—phosphate g
4-5. The six-carbon E
molecule is split into
two three-carbon
molecules-one G3P, Fructose 1, 6-bisphosphate
another DAP, that is 4 4
converted into G3P in ‘;:'-f‘\"“&ig
another reaction. i %
-4 ¢ b
Dihydroxyacetone Glyceraldehyde 3-
6. Oxidatien followed by phosphate (DAP) phmphate (G%P)
phosphorylation produces S i
two NADH molecules and T NAD*
two mqlecules of BPG,
o i
+H*
1,3-B|sphosphoglycerate 1,3-Bisphosphoglycerate
(BPG) (BPG)
7.Removal of high-energy e
phosphate by two ADP ADP @ K ADP
molecules produces two
ATP molecules and leaves
two 3PG molecules. 4
3-Phosphoglycerate 3-Phosphoglycerate
(3PG) (3PG) .
% B E
é_ g : - -g:_ —
¥4 £ .El :"
8-9. Removal of water yields ¥, e, W00 Y s k
te::hpvﬁfhn;ollﬁéxlz:'ergy ’ L-Phosph' ~2l) sexalt J-Phosy hoylycaraie - E '
phosphate bond. = —-__J (‘ PG |
- . |--".-' | |
\ [} A AN D e
- VoL |\t . H,0
. \ .. £ |
- .Pholphoennl pyruvate Phosphoenol pyruvate
o % SRS SR 5 A, P S, L (PEP) (PEP)
.0. Kemivil of kigii-ener - -
- ) | -I- )f;:.phate by two ADlg'y ADP g
J AR { molecules produces two 3
| ™ ' ATP molecules and two |
1 i pyruvate molecules. ¢
] Pyruvate Pyruvate -

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 descrlptlon requwe__d)_ — [ [~2=2 {FSD 2(»72\_ "
Discus glycolysis. Give scheme of reactio 1s aswefi | N { CUENYPZ2022)
Sketch two phases of glycolysis. =5 " — 1\ | | |\ ) { N (LHR 2019)
What is.glyt onS|s’> Draw itsischerne'cf mavtmns - (DGK 2019)
Make & mfnplﬁte okercw Lf gl] r-achwq - (SWL 2021)

Sum u Frew) nuch tnﬂqy (as ATP) is made available to the cell from a single

._<||rw 0S8 ml ecuie by the operation of glycolysis, the formation of acetyl CoA, the

zitric 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, ox"‘ﬂhr‘“
takes place. This is accompanied by the removal of a melecuie of CU;-The| result 4=
ketoglutarate. _ A _ AR 'J

It, in turn, undergoes furthe: okidatioh (NAD + 2F1 -5 INALHY) 1aliowiad by decarboxylation (-
CO2) grii zdaition pfamolestle of waier, ' -

The prc uuc* tnen nas dng carbon ateiirand one oxygen atom less. It is succinate.
Thertonversior) hf a '(etoglutarate into succinate is accompanied by a free energy change
W1ach ISutitized 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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cycle returns to its
starting point.

A second oxidative
decarboxylation produces
a second NADH with the

\
Fig11.13: Qutline of the Krebs cycie. The bra ]
o With the gidition of arsther mole

. Anothe; ™A s i 2 alate produces oxaloacetate, the original 4-carbon
sule. pie

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

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). e M7 y ('t_I—I'R_'~_2-_(;»19}'
Write note on Calvin Cyegle, Py LAV [ ~ "(IZHR 2019)
Explain Kxtb’s cycle i=-detail. Dr.'.)_w-.__ﬂow_she-?t d_i-::gi am Of. its r'ea.;:tion. (MLT 2019)
Draw e'.'i‘:ﬁlé:‘{{._;’ibé'- e -._Ct_l‘_/ir'{beﬁ!e. - (LHR 2021)
~, Sketrh e'-n&l."a,?é'ﬁlai.ij calvin cycle in plants. (LHR 2021)
!L rallw 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 hzem/ o/~rclatedl p_'c's-thatic
groups that undergo valency changes of iror| ajom. Hae| is the sameirdr| centaining group
that is oxygen carrying pigriieit in hasfogiohin.

The path-0f electrons. i tfie, r'aspiraiory chairr-apoears-+sbe as follows;
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High

Relative eneriz; level

Low
° @

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 Bethe elecirons. A
molecule of water is produced. In addltlor| this_finah ¢xidation® r)ruv dis® H1ough Efiergy
for the synthe5|s of a third mnlecui= cf LA

iﬁi‘l’l’lﬂ ABOY USRI GLE
Explaiin t1e rnleu ‘,r the | followlrg in aemlch respiration (a) NAD* (b) FAD (c)

Oxyger::
Sketch resciratory 1Ie"trcn Lransport chain. Discuss the significance of ETC.

» l)mcrlbe résniretory electron transport chain. (GRW 2019)
1 L Xplai 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.

o Normally, oxidative phosphorylation is coupled with the resplrator\z cl an. VAS ZiEE; c‘y, WA
described ATP is formed in three steps of the respiratory chain< ™, | ,' Pl B ey
. The equation for this process can b'mxpres ueU asfollolns: IS \ a2 T

NADH + H* + 3ADP + 3Fi+ 1/2 O;=" MAD" +H; O + 8ATP
Where Pi is inorganic phosbhate.

o The m J|eu,rJ|aJ’ "aﬂhavnmm of OYI ative onosn’m*ylatlon takes place in conjunction with the

resplrab iy, Lhouw it| the' inper, rnerncra ie 0f the mitochondrion.
o Herg; alto,) as \ih phgff ‘synthesns the mechanism involved is chemiosmosis by which

- |' ¢l I35tfon, ira hgsort chain is coupled with synthesis of ATP.
A

NN e s 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.
o The coupling factors in respiration are also different from those in photosynthesis.
Glucose
Fructose 6-phosphate ACtlvates
v -
| |
Inhibits FN°'°°°‘€"*P“°SP""° Activates
4
Pyruvate
y A
Pyruvate decarboxylase
o=
1‘?}%3? Acetyl-CoA
=

Electron transport

N  chainand

chemiosmosis

Fig. 11.15 Stages in aerobic respiration. Stage 1: Formation of acetyl-CoA form pyruvate. Stage2:The Krebs.cveia, ™, | (e

Stage 3: Respiratory chain and oxidative phosphorylation. Each pair of H atoms enhnrln(1 ﬂn-:.:f r:g')lmtory (nan as
NADH vyield 3 ATPs

QUESTION RELATRED 0, 668 {tﬂmé

Compare photosynthe5|s with ressiratiomin\pla nts. |
What is ov.datlve phnmhor) IattOI 2 Liseuy S| T (GRW 2018)
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KEY POINTS

Oxidation: _
The addition of oxygen or removal of electron from a compound |s Laﬁpo oxidatit o 1 F ]e'

compound which release electrons said to Le oxuinzru WY (elo

o

Oxidizing Agent:
The comp; de whlch ..Ls capabi Ilw 10, remove-an giettron form a compound is called
OXIdIZIl‘:, a'Z]E'] I‘uiD ] aBLro| 10 oxdizing agent, as it can remove electrons (H*) from a
comzouhd, | '

Redustidil

| 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 > CsH1206 + 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 ’\IA_)F 4k 1t shiiina'not
be written as NADH: or NADPHz

Chemiosmosis: .

Word chegiiipsmosis is-farrned /of tvvo (Greak] word _Ciriemo means- chemlcal reaction and
osmosis=inears, pish. Tae 'coudiinasreaction in which synthesis of ATP molecule takes
duriFg movemant of H- auos's an H* gradient is called chemiosmosis.

sefrerd:

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)

) .

‘./I ]':;‘s.-', a

multiple choices.
Magnesium is an important nutrient

ions in green plants as it is an

essential component of: |,
(@) Cell sap - -

(b) Protein’ | '
(c) Chlorepityll |
(d) Glucose |} )L
green~ plant performs

"1 [pidtesyrithesis at its maximum rate?
~(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 sarielas fermesiation?

(c) Takes-zate it mitochonarin

(d) Redupes twp) moisculls \cf-NAD? '

foreve|y glutcse!raniecdie processed
Thecitricdcid cycle:

! (a; Takes place in the mitochondrion

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

vii)

viii)

X)

Xi)

Q.2.

Which statement about the

chemiosmotic  megiianism  4$-/npdt) || !

true?__ > | |,

(@) \Protons , rethrh “thebigh ™ ‘the
‘membrane by \way bf a channel protein

(5)._Prstons  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, yeastceils

by the

obtain energy | by-fermeiatipn,
prsdacing b earhon [ abxice, ~—ATP
and ?

(a ;&._CE\TCTCA_ (b)) Ethyl alcohol
(s Lactate (d) Pyruvate

i B vi E

i [ viii B
iv J§ ix

a
v | x b
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i)

Ans:

Q.3.

Ans:

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 elemhnt T
chlorophyll fsi natlon /

Magnesit, ljs | ¢ssential el=me :—t\FQ i

chlorophy‘l rmation. )
"h(o.ws ne'-ns we iowmg of leaves

N 'dur to aericiency of certain essential
“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)

in, mescie eelis)
7\ the | fate o,
\reniolet ‘%:9m/ ofucose when the
\ “—dmount of the available oxygen is

Trace the fate of hydrogen atoms

removed from glucose during —_1

glycolysis when <: :ycwn is praseil
om;:gre thig =g
1yursgen 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
respiration in plants.

Ans: (Seearticle 11.1 & 11.2)

with
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