


Introduction

fundamemal Metabolj
going on all the timeg inSidet;\
chemical reactions thyy - € bodj

This chapter deals with the most
photosynthesis and respiration. Bioenergetic
in biological systems. Metabolic processes rc .
of living organisms. These processes involve R CONCemeq
with making or breaking of bonds in the molecules: “_‘f ”T“L'dl bondsare broep,
energy is released and when bonds are formed, enef.gy 15 stored. All living cejig use
energy for performing functions. Sunlight is the main SOuTce of energy Maintaining
all life forms on the earth. But no organism can make use dfr ectenergy of sunlight
source of energy for metabolism. All organisms usc chemical energy stored in food
molecules such as carbohydrates, fats etc. Photosynthesis is carried out by green
plants which capture solar energy, transform it into chemical energy and is stored in
organic compounds.

4.1. Photosynthesis

Photosynthesis is the process in which green plants synthesize organic foed
from carbon dioxide and water using energy of sunlight. CO, and water are used as
raw materials in the process for synthesis of organic food molecules. Chlorophylls
and other photosynthetic pigments capture energy of sunlight and convert it into
chemical energy. .

Photosynthesis acts as energy capturing and storing process. Energy of
sunlight is used in the fixation of carbon dioxide to a carbohydrate. Thisserves as.fqod
not only for plants but for the entire life on the planet earth. Therefore all hymg
organisms, directly or indirectly depends on photosynthesis. Autotrophic organisms
which are the green plants are able to carry out photosynthesis. Heterotrophic

organisms cannot carry out photosynthesis and are unable to use diree! encrgy Of

sunlight. They, therefore, are dependent for their energy requirement O green plants.
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Overall reaction n{'plu)((’sy%t;’:

(chiorophyl)

oL 60, 6 H O

Photosynthetic Reactants and Products: :
The water and carbon dioxide are the reactants in photosynthesis while

glucose, OXygen and water are the products.

4.1.1. The Role of Sunlight in Photosynthesis
- Sun is the main source of energy for all living organisms. Light is a kind of
~energy tqchat travels in the form of electromagnetic waves of different wavelengths,
- Italso acts as beam of particles of different frequencies called photons. There
 widerange of waves for synthesis of organic food molecules (wavelengths occurrit
~ between gamma rays and radio rays). Energy content of photons is inver ely
onal to the wavelengths. Short wavelengths are more energetic lehave 4 o
‘than long wave lengths. A portion of the solar radiation is called

isa

e

are sensitive to only a small portion of this solar radiation i.c. visible
nges from about 390 nm to 760 nm in wavelength. Photosynthetic
orb and utilize a portion of the visible spectrum. Wavelengths shorter
e light i.e. ultraviolet radiation are more energetic and are dangerous to

n break organic molecules. Wavelengths longer than visible
low 'm-cantentthatcmmota&'ect,p osynthetic process.




Quran says “And made the moon a light in their midst, and
made the sun as a (Glorious) Lamp?

“And placed (therein) a blazing lamp (sun)

s dura An naba. Aayah: 13
“Blessed is He Who made constellations in the skies, and

- placed therein a Lamp and a Moop giving light;

R o Sura Al-fur’yan Aayah; 64

wavelengths are mostly reflected therefore chlorophyl! appears ga

oids which are called accessory pigments absorb light in the visible spectre™
wtasvathetic Pigments PR ___8 i34

Photosynthetic pigments aheneh «

n. There are two types of ;

nthesis. These are chloronholl
ithetic pigments are located i
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A chloroplust conststy of three components: A o0, most covering
(énvelop). granma (singular granum) and "’"“”"_" Hhe outer most covering (envelop)
af the chloroplast is formed by a double membraric structure that encloses the grang
md stroma. A granum consists ot‘many flattened Haid-filled lnuinhz..nu.m b SACS Or

: ; disos called lhylukoids which form stacks and resemble a pile of coins. Fhere are

Wiy many grana which are interconnected by lamellae called intergrana, The £rana are
iﬁﬁblc under the light microscope as grains, Chlorophyll and other photosynthetic

pigments (carotenoids) are present within the membranes of the thylakoids, These
membranes are the sites of 1 ghttrapping reaction (light reaction) of photosynthesis.
The double membranes envelop of the chloroplast surrounds a large central
space called stroma. The stroma contains enzyme rich gel-like solution called
matrix where light independent reaction (dark reaction) of photosynthesis takes
place.
a. Chlorophviis
Chlorophyll is a complex organic compound. It absorbs mainly blue and red
portion of sunlight. The green portion is mainly reflected therefore chlorophyll
appears green. There are many types of chlorophyll i.e, Chlorophyll a, b, ¢, d. e and
bacteriochlorophyll
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- Photosynthetic prokaryotes lack
loroplasts but they do have unstacked
losynthetic membrances, which

thylakoid membrane.
attached to the thylakoid : g W

thylakoids
Fig:4.2(‘hiur0plast

: i5 arrangem mp i .'-’W‘?ﬁ?‘;[t*ﬁﬁs!s in several forms
St plants and green algge, Ghjopppie rophyll “b” is found inall

ofalgae, Bacteﬁo-chlorophyj{ iSF S “&"nre&um}mv '
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Chlorophyll molecule is
composed of two parts, i.e. head and tail.
The head contains a central magncmum
atom to which are attached four N-rings
called Pyrrole rings. The four rings (tetra
pyrrole ring) are collectively called
porphyrin. The head is hydrophilic and
lies on the surface of the thylakoid
membrane.Long hydrocarbon chain
called phytol side chain (tail) is attached
to one of the Pyrrole rings. It is
hydrophobic. It lies embedded in the
thylakoid membrane.

Chlorophyll “a” and “b” differ
from each other in only one of the
functional groups bonded to the
porphyrin. Chlorophyll “a” has methyl
group (-CH, ) while Chlorophyll “ b” has
carbonyl group (-CHO).The empirical

formulae of chlorophyll “a” and “b” are
Chlorophyll “a” ( C H,, O; N, Mg)
Chlorophyll “b” (C,,H,,O,N,Mg)
b. Carotenoids

They include carotenes and

xanthophylls. They are yellow, orange,
tedorbrown pigments. Carotenoids play
~ two important roles in plants. They
- absorb light and transfer light energy to

 chlorophyll “a”. Therefore, they are
ﬁlled accessory pigments. Carotenoids
~ Protect chlorophyll from intense light
Mfrom ox:dauon by oxygen produced




'.' ‘rhe absorption spectra ofﬁbﬂ‘ of these dm: ophylls are somewha different frony
gachother. This is clcarfmmm&&ffefem PEaKs as shown inthe following fig4.4.

!

Carotenoids

Wavelength of light (nm)

Fig: 4.4 Absarption Spectra of Chlorophylls and Carotenoids

.~ The carotenoids absorb light between 430-470 nm of light spectrum and
transfer it to chlorophyll 'a’ molecule. To measure the absorptlon of a pigment, a pure
solution of the extracted pigment is obtained. It is then exposed to different
~wavelengths of light inside spectrophotometer. It is an instrument that measures the
‘ amount of light that passes through the solution. The amount of light can be

culated from the amount pmjected on the solution and the amount of light
eived at the other end after passing through the spectrophotometer. This gives the
1ent of the absorption spectrum of a particular pngment Chlorophyll “a”
1 w diffe ’ﬁtabsorptlon spectraasshown above
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4.1.5 Role ol CO 2

The carbon of CO, is fixed in organic compounds in photosy nthesis, Car
JTHIESIS, Carbon

IS MOst iImportant component of organic compounds. ( arbon-carbon chain forms th
¢

and symmetric

compound. Carbon makes bonds with oxygen linking the monosaccharide of

back bone of the long hydro-carbon molecule and makes a stable

carbohydrates. It makes bonds with nitrogen linking amino acids of protein
molecules. Carbon dioxide is used as one of the raw material for photosynthesis. In
the absence of carbon dioxide the process of photosynthesis does not oceur

4.1.6 Reoleofwaterin photosyn

Water is one of the raw materials used in photosynthesis. Water molecule is
broken down into hydrogen and oxygen. H ydrogen combines with carbon dioxide
forming organic food molecule. Oxygen is released into the air and is the source of
atmospheric oxygen.

Earlier it was thought that the oxygen released in the process of
Photosynthesis comes from CO,. In 1930, Van Neil hypothesized that plants i
}\;;;r ;]Z r(t;:)e‘asef)xygen as a by-product. The idea of Neil was supponcfi bc\;]':l::;
& served that when isolated chloroplasts were given light In 4 Other
"‘;:z:setsolitcc?lciz?' 50",1; ]:)gf ogen acceptor was present oxygen is rc:fd;;w( "
i Biological rescalr::"w M o of"dn lsowp'“‘"g I

- as made. Water and carbon dioxide cont?!

”Ygfn sotope O were prepared in the laboratory.

cavy”




in one group were supplied with H.O contain;,
O" dEx_Ll);rén(m)enm] tgﬂ;:::;t:ﬁt; :;?)[?1?110%1 oxr;gcn 0", Plants in the second
and with CO, contal o
were supplied with water containng
O". It was found that plants of first group p
did not. :
Groupl (C0O,)" + 2HO : — o
Groupll 0"+ 20" —

Efoup
common oxygen O but with CO, containin,
roduced O" but the plants of second group

CHO +HO +0O
HO +0

4.2 Mechanism of Photosynthesis

51 f two distinct steps; one that
. f photosynthesis cOnsists o b i
requires.rll'll;h?di:ccﬁlr:zr:;g(;;tl:eacﬁon and the other that does not require light called
dark reaction.

4.2.1 Li 't ight dependent reaction) St
-k ﬁ;;ﬁ::;gg: ét;?;)lacepin the granum of chloroplast. It is initiated when
photosynthetic pigments capture light energy. Photosynthetic pigments are
organized into clusters called photosystems. There are two photosysten}s 1.e.
photosystem I (PS I) and photosystem II (PS II). Each photosystem consists of
several hundred pigment molecules including chlorophyll a, chlorophyll b,
carotenoids and electron acceptors. There are two parts of each photosystems i.e.
antenna complex and reaction center. The antenna complex has many molecules of
chlorophyll b and carotenoids, all absorb energy and transfer it to the reaction center.
Reaction center has one or more molecules of chlorophyll a molecules along with
" primary electron acceptor and electron carriers.

Electron transfer




P e 1

Photosystem | absorbs light of 700 nm and 1s e P700| thrcas p
- o o : : electy
absorbs light of 680 nm and is called P680. The primary €lccirgp ace

clectrons from the reaction center and then passes them on to Serieq

carriers. There are two possible pathways of the electrons iy the lighy 5
P 2N r‘

photosynthesis. They are called non-cyclic electron transpory and cyc“‘cﬁct'
transport ' Clectrg,
2. Non Cyclic Electron Transport of Light Reaction

a This reaction starts when sunlight strikes the photosystem (P 680
absorbed by the chlorophyll molecules which loses its two electrons and bego, 3. En:rgy i
charged with a deficit of two electrons. 3 DOsm.,qy

N The lost high energy electrons are captured by an electrop accepy
Plastoquinone (PQ). OF calleq
B _From plastoquinone the electrons pass along a series of electron transport chy;
which includes cytochrome 'b', cytochrome 'f' and plastocyanin molecuyleg, x
. Each molecule in the electron transport chain is alternately reduceq when it gaing
electron and is oxidized when it losses electrons.

) When electrons are passed through electron transport chain, they |ose energy. This
energy isused in making ATP from ADP and inorganic phosphate using energy from sunlighs

“

n a‘pmcess called as photophosphorylation.

*  The electrons from plastocyanin are received by another photosystem called
photosystem I (P700).
. At the same time light falls on photosystem I and activates its two electrons which

are received by Ferredoxin reducing substance (FRS); electron accepter of PS I. From FRS

~ electrons are passed to oxidized NADP (Nicotinamide adenine dinucleotide phosphate). The
~ reduced NADP receives hydrogen from water and is converted into NADPH,

% When photosystem II absorbs light, water molecule splits (photolysis) into OH and

. The OH ions react to form some water again and release oxygen and electrons.

-~ 4H0 — 4H'+4(0H) ,
. 4O0H) —— 2H,0 + 0, orophyl
ns from water molecules are accepted by positively chamﬁ,,cm - The
otosystem IL, filling the gap produced by the two energized ™™

hoosystn s ben by clectons conin 1087




Splitting of wat |
releasos oxygen

I. [t occurs in rare condinoss

(yclie electron traaspeort

h.

» . Cycliocipaton transport involves only photosystem
if the activity of photosystem I1is blou:ked. %

2 Wben P 700 fqrm of chlorophyll molecule in photosystem | absorbs light it 5
activated and it loses electrons, which are Capmrc;i & f‘xrwdw“- ;ed; 3
substance (FRS). y ferrodoxin of

s From FRS the electrons fall back to P 700

: chi 5 OIS
of electron carriers. orophyll melecule through 3 S0

s ATPmoleculesare produced during cyclic electron flow

o The electrons which are ejected from P 700 i aoe cyclai back @ e
above electron transport thereforethe process s called cyclic electron tramspor

o, ATP synthesit. S this cyclic electron flow is called cyel€
photophosphorylat_ion. e hos
Water and encrgy of sunlight are used i R % of g

reactions are ATP and NADPH. Both of these are ¢ el The PW“':“ qroms &

yse indark reaction. R R .ﬁ"“‘ grana







- (Nlb“"" where ADF s ¢ onverted into ATP and
ADPand NADP rcmm backlou‘h uction process fixed carbon s reduced to a b

NADP is reduced intoN pPH. In
carbon sugar molecule of PGAL

HO
AL
PGA+ATP+NADPH W A

Light @"g.-,«. 2 e

) K‘» PHASE 1: CARBON FIXATION

\""t". N ‘._:‘

Glucose and
other organic
compounds

‘)Oec'rllnnromufcmmplm

? .'.soastoconnnuethecycle.The
ternatives. Out of every

> many
theqyeletobeusodbythe
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o ' i foul” 7,C ele. P Hiking e
weveral intermediaton including 3¢, 4.0, 6, I 0 g |

”’ H'!V’ i1 -
| hosphate N Y ailaby
metion. Ribulose biap jon of Rusip e 1.,
WA" ':.;:';‘:::l ‘r':':::::: :'ll:"(l yole, With the regeneration o he ¢ ahrin Cyele o
¥y .y
dark reactions complete.
4.3 Resplration

‘11 f‘)’,‘:‘%%ﬁ wh’,“
Respiration in defined ag nuidntionﬂrcdl;ﬂ‘"m:) z)kc" o b gy i
the living celly during which organic food |

b " energy i
. obic
Reapieation s of 1w typesi,e. nerobic and anaero
: wplration)
400 Aerobie respleation (Cellulay Resplrn = : .
Aerobic respiration needs free O, In aerobic respiration ITganic food i
completely broken down nto €O, and H,0 and the stored energy iy relca@, The
equation of aerobjc respiration for glucose breakdown an be writen a8
Aollows:

CGHL,0,460, — 6CO, +6H,0+36ATP

Glucose and OXygen are used and carbon dioxide and waer are produced.
18 released which i used in the synthesis of ATP molecules. This s just the
opposite of photosynthesis where glucose and Oxygen are

produced and carbon
Xide and water are used as raw materialg.

1
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i W0 refease ¢ tored :

w oty ;m'.ergy stored i organic food

: Y wving cells do not acanire a:

1657 Why do they synthesize arp s oot
nolec £ Wiy dothey sym}y:sachTP’!This s
of glucose is released it vif] be to0 great f'
g 1 el & heati of the cells and i
dual reactions, This will eanog up o ® and also a large amount

il bs wisted: A’l’i’ ; ﬁ‘!gpghi amount of energy available o the cell
functions when it is broken into ADP and inorganic phosphate: Al living

. \ : yr energy requirement,

we i whole amount of energ

- Glycolysis is the breakdown of glucose, a 6-C molecule, in two molecules of
ruvate ( 3-C molecule) and a net gain of two ATP molecules. It tzkes place in cytosol
toplasm) and is common in both aerobic and anacrobic respirations. Glycolysis
snotneed free oxygen.

~ Glycolysis completes in two phases i.c. preparatory phase and oxidative

Glycolysis starts when glucose reacts with ATP molecule.

AT P transfers energy and phosphate to glucose forming glucose 6-Phosphatzs
nd "ts_elf converts to ADP. ey

! 0se —61 Phosphate is isomerised into Fructose-6 Phosphate. i
is fos -6 Phsophate reacts with another ATP molecule forming fructose-1-6

e




Fructose1, 6-diphosphate

== Glyceraldehyde 3-phosphate
Dihydroxyacetone (GP)
phosphate(DHAP) 1‘

2NAD ‘
@) e

zm. 1,3 diphosphoglyceric acid 2

2ADP



. transters high energy phosphate 1

S-musphoghme —.u'?
ﬂn2-m:spixmol pyruvate {PEP) with the

. 2PEP+2HO
. EMMW'WMMADPIM:;&,IP”:

Pyruvic acid .In this step phosphoennl pyruvase gives up 2 phosphate group 0 ADP
generating ATP mdmdfox@hmaad_

Twomoiemisofmn&_ﬁm ofglycohm Since e




ﬂ‘;”ﬂnsptocess is called linked reaction W‘tﬁ’h Glycolysis the

o Pyravic Acid iw'ﬁ’+(‘.0,+2" KrebScyCle.
~ Acetyl group + CoA ———— AC“YIC‘A
NAD+ 2H » NADH,

Further oxidation of acetyl - CoA takes place In a cyclic mapp,. This cyce ;

called Krebs cycle. : &

¢ Kreb'sCycle or Tricarboxylic Acid Cycle (TCA) g

8. InﬁrStStepofcycle,AcetylCoApl'Od“cedmthe]mkedmcﬁonc
with pre existing oxalo acetic acid (4-C) in the presence of water mg]

citricacid (6-C). Co-A becomes free and is ready to react with another

Acetyl Co. A+ oxaloacetate — Citrate+Cg. A
o Citrateis converted to isocitrate

VRl LRI e

Ombines
ccule to form
acetyl group

POTAR

S ek g A

Citrate ——— [socitrate

_ ate ] -ketoglutarate (5-C). one carbon of Isocitrate is oxidized
- tocarbon dioxide and hydrogen is removed which is picked upbyNAD reducing into
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%"?‘A:"Synthesf"

 transean  SYnthesis of ATP from
- Manspory SYStem through the joint eVt

ADP and inorganic phosphate in the electron
of chemical and osmotic processes is called

oo ch'émiosmoti : . «motic theory of ATP synthesis suggests how
R CA is. Chemiosim {
AT i TP synthesis. C

Pl tion j ith the energy ¢ :
Mltot:hondﬁa a:: ;?;gfrfdgtgy double membrane. The outer mgmbranef is smooth
While the inner membrane forms enfolding which are shelf-like projections or
pmmbefances called cristae. The cristae arc present in the inner chamber or

nitochondria] : i iers of electron
mitochondrial matrix that is filled with a gel-like substance. The carriers o
. ransport system are present on the cristae. A space 1s present between the outer and

@§t~membrane called intermembrane space.

Table No: 4.1Production of ATPs in respiratory chemical pathways.

= . Plthwav CON\Z}' me J -\1 P Sourceaf ATP
: D vield . vield
e . AN SRRl kS _— Ao
* Glycolysis : 3 To begin ghycol ysis reguires the mpat of two ATP from the cywplesm.

:rhsc o ' b This is the activation energy aoadad 10 start thes maction.

e E—— - —— *’ -— ———--1 T T N 2
Glyeolysis pay- f 4 ATPs made by ghycolyss. Nowe the Nz Yield for 2iyoolvsis would be
off phase ! JATRS (ATR-2ATR)

Theso molecules are cressad by gvooiysis, Y ey canomly de
| c\\u\mm:\nhkmh\e&n&iﬂchmmt_&.

P h&mhumumaw“kﬁam..

Oganims, and coss 2ATP inodhes This s whtcanses e

i 4 diffbrences in the Not yiekd of aerobic sespission
z S :

POCARROR e 0. ads




NADH

Fig - 4.13 Chemiosmotic ATFP synthesis

ions diffuse down the inner membrane through electrochemical gradient
ermembrane space into the matrix. The passage of hydrogen ions through
anc is coupled to ATP synthesis from ADP and inorganic phosphate
TP synthasc complex. This process of ATP synthesis is called
sis because electrochemical and osmotic events are involved.

spiration of Proteins and Fats |
s degrade mostly glucose 1o relcase energy. However cells can oxidize
 other food molecules such as proteins and fats to relcase energy.

n and Glucose Vietabolism f
sing are broken down to amino acids, Amino group 15 removed from

' ini le.
rming ammonia and the remaining molecule enters the Krebs €Y<
o ot : fthe entering

o the Krebscy ¢le depends on the number of carbon atoms 0 {

¢ is used as energy source it is hydrolyzed into glyce e
zlf;‘ccfol ( a 3-C compound) is converted to PGAL 'Yh:m::imo
wpiration into the glycolytic pathway. Each fatty acid 15

| , acetyl groups which enter into Krebs ¢yele
4 iy a fatty acid with 16 carbon atoms. It brea 5 down into '8

gl
BN s



;1 7_‘4.3.2 Anaerobic Rcspinﬁon:;-,.. o5 »wlthout the utilization of oxygen is caljed
~ The incomplete breakdown of glieS®

mpmnon (Fermentation) occurs in the absence
breakdo“m of organic food molecule and only a

pymvate formed in glycolysis has two
on the availability of oxygen, If oxygen is
letely degraded into CO, and water in

. mxtochondna i.e. acrobic resplranon If oxygen is not available ther.x oSO
e fespiration continues and fermentation 0CCUTS. The process of fermentation consists
“"-'oftwo stepsi.e. glycolysis and the reduction of pyruvate into alcohol or to lactate.

;iif.-ff Ame.roblc respiration is of two types.

 anaerobic respiration. Anaerobic
fof oxygen. It involves mcomplote
small amount of energy is relea
~ pathways. In human cells it depellds

."avallable then pyruvic acids is comp

"a. LacﬁcAcld Fermentation
- This form of fermentation occurs in muscle cells of human and in many

mwmorgamsms It completes in two steps. In the first step glucose is broken down
mnto pyruvic acid which is basically glycolysis. In the next step pyruvic acid is
reduced by NADH, into lactic acid. Compared to aerobic respiration which yields 36
ATP molecules from the breakdown of one glucose, anaerobic respiration yields
~ only 2 ATP molecules. Despite its low yield of ATP, anaerobic respiration has its
1mportance because of rapid production of ATP (energy) when demanded.

A) Glucose+2ATP — > Pyruvicacid + 4ATP

Z2NADH 2NAD

B) 5 ACHO) {iat e s
! ~ Pyruvic Acid v 2(GHO,)

"‘""‘ | Lactic Acid







o . Phog % concentration of the requirements for normal
:;1? "hon;ng(;?;otﬁ?mneeds %t is present in less concentration than
Ptim e \,u N is affected and slows down.

in me e Wmm normally CO, combines with RuBP

(Carbox,\’iaticm‘) for;acn;é:f molecules. The process occurs in the presence of an

AzZvme calleg ﬁbu‘osnlg) . 1 -1 te carboxylase (rubisco). This enzyme can act both

as Caf"ooxx, Se an d 0: :phosphiﬁ;e reaction depends on the concentration of CO,

O, H the concex.lg—;;nasz%co is more, then rubisco combines with CO, and |

S¥ynthesis Proceeds ::rmally.zon the other hand if the concentrati.on of O, is |
HOTe, then Tubisco combines with O. and photorespiration occurs. (Rubisco can act

S carboxylase as well as oxygenase). 2

Plants haye stomata for the exchange of gases. Diffusion of water vapours

from leafio the external environment also occurs through the stomata. In dry and hot

- Weather planis close up stomata so as to conserve water. In such condition CO,

— Ok enter the leaf and O, cannot leave it. Dry and hot conditions are usually
“which

, by intense sunlight therefore light reaction occurs with maximum rate
resalfs in maximumuse

.....

L T g e
P ¢ P TR
Y
-

of CO, Since concentration of CO, lowers down in the
leafand photorespiration proceeds. ,
The following steps are involved in photorespiration:
I

Oxygen combines with RuBP (present in stroma of chloroplast) and a
compound called Glycolate is produced.

RuBP + O,—— Glycolate
2

Glycolate is converted into glycine (simplest amino acid) in the peroxisome.
Glycolate ———  Glysine
3. Glycine is transported to mitochondria where it is converted into serine and a
molecule of CO, is produced. |
Glysine ———  Serine + Co,
4.4.1 Disadvantagesof P hotorespiration (Consequences)
1. Photorespiration is just the reverse of photosynthesis hampering the fixation of
i COphoRIIless. L e , |
. 2. Theprocess wastes energy and does nothing to serve the needs of the plant.







' KEY POINTS

Bmenergeﬁcg is the study of those processes by means of which living
Organisms store, use and release energy.

PhOlOsynthesis 1S @ process in which the green plants
cOnvert light energy into chemical form.

The organic molecules of food are broken down and their energy
isreleased in the process of respiration.

ATP is a key molecule of biological world which. is the main source
Ofenergy. '

AAL L

and NADH, are produced, as end products and these reactions need
sunlight.

Photosynthesis has two sets of reactions. During light reactions ATP

ducts of light reactions are used in the dark reactions, which
=d light energy.
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EXERCISE.
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g nswers to the following questions

Define glycolysis.
Whatis phoro.rcspir;uion'.‘
\:‘s"hat do you mean by chemiomosis?
bt.i'e Ih; role of carbondioxide as one of the raw materials of photosynthesis.
Di .ﬁer?nnate between the absorption spectra of different photosynthetic pigments
What is the main difference between cyclic and non cyclic photo :
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\X'! ite in detail the answers of the follow i.‘ii;_‘, qug stions.
Describe the role of sunlight in the process of photosynthesis.
Give an account of the events of non-cyclic electron pathway.
Write down the main steps of Calvin cycle.

Write a detailed note on the various steps of Kreb’s cycle.

What is ph otorespiration and what are its disadvantages?
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Projects.

. Develop the graphical interpretation of the wavelengths of 1 i
e atigh absorption by chll O_rqphyll ‘@and ‘b’ g ight along wlth the
. Developaflow chart for explaining the events of the light-ind :
. Draw the flow charts showing the events of glyc,olysisgand Kreetl:: 233: s
. Tilustrate the net €ncrgy output during glycolysis, oxidation of pyruvate and Krebs -~

cycle.




