


Introduction

photosynthesis and respiration. Bioenerse .

in biological systems. Metabolic process e il reactions
. » - 1 [ e : - a 2 A
of living organisms. These processes involv Lare CONCermed

with making or breaking of bonds in the molecules: Whet,i’('h"?“c"” bonds are broken
energy is released and when bonds are formed, eneltgy 15 stored. All living cellg yge
energy for performing functions. Sunlight is the matn SOUTCe of energy Maintaining
all life forms on the earth. But no organism can make usc dfr ectenergy of sunlight 4
source of energy for metabolism. All organisms use 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 sy nthesize organic food
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 10to
chemical energy. .

Photosynthesis acts as energy capturing and storing process. Encrg)i' of
sunlight is used in the fixation of carbon dioxide to a carbohydrate. Thisserves aslt(?od
not only for plants but for the entire life on the planet earth. Therefore all living
organisms, directly or indirectly depends on photosynthesis. Autotrophic organisms
which are the green plants are able to carry out photosyntht’-'SiS- Heterotrophncf
organisms cannot carry out photosynthesis and are unable to use direct energy ©
sunlight. They, therefore, are dependent for theirene oy requirement o greenplants
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Photosynthertic Reactunts 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
SR enetgy tqchat travels in the form of electromagnetic waves of different wavelengths,
- Ttalso acts as beam of particles of different frequencies called photons. Thereisa
~ widerange of waves for synthesis of organic food molecules (wavelengtbsomng
~ between gamma rays and radio rays). Energy content of photons is i ,
 proy ?bn;iltothewavelengths. Short wavelengths are more energetici.c. have high
y conten than long wave lengths. A portion of the solar radiation is called

mmsmvetoonly a small portion of this solar radiation i.¢. visible
s from about 390 nm to 760 nm in wavelength, Photosynthetic
b aporuonofthevmhlespecmm Wavelengths shorter

e. uavmletfadiaﬁonaremmenezggnc and are dangerous to

¢ molecules. W&?éiéﬁ‘gthslogga‘:thanvisiblc
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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).
Yo i Sura An naba, Aavah: 13
‘ “Blesged is He Who made constellations i the skies, and
; placed therein a Lamp and a Moop giving light;

Dl Surg Al-fus 'yan Aayah; 6

wavélcn_gﬂm are mostly reflected theref; hyll appears green The
oids which are called accessory pi mog;hrl;)lrio g‘t’lt):n £ visible spect
between 500nm and 600 nm in wavele |

wtosyathetic Plgments -~ ,,_8. s : of solar
Photosynthetic pigments absorb difrerent saveleng® o
n. There are ml;ii;“ta ;b‘ ﬁtb different wave' P oived e
athesis. These are chlorophyll ap 8

thetic pigrmentsare
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'\ chlumplnst L‘t)llSiBw 0"‘ th('t‘-c cnlllpumnlw, An Oty Maost ""\'Clln.u

(.énvelup). grana (singular granum ) and """'"""' Hhe outer most co =g (envelop)

of the chloroplast is formed by @ double membrarc .\“m.“.w Hist gclanes th - e

' I stroma. A granum consists of many flattened fluid-filled membranous sacs o

=y d.:;w called thylakoids which form stacks and resemble a pile of coing. 11010 tre
many grana which are interconnected by lamellae called mntergrana. The grana are
visible under the hight microscope as grains, Chlorophy!l ‘“"" other pl otosynthetic
p‘ggneuts (cm'o(cn()ids) are present within the membranes of the Ihy]:ll-;()ld\. [hese

membranes are the sites of light trapping 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 solunm} called
matrix where light independent reaction (dark reaction) of photosynthesis takes
ace.

4. 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

- Photosynthetic prokaryotes lack
olasts but they do have unstacked.
nthetic membrances, which
like thylakoid membrane,
phyllis aftached to the thylakoid

R IIL ' mnner

PR iy B membrane

stroma ™

thylakoids

ok Fig:-t.Z(‘hloroplast

:%en la:;hs“n dantmdm"*“‘t umportant photosynthetic
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Chlorophyll molecule i$
composed of two parts, i.e. head and Fall.
The head contains a central magnesium
gtom 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 0=C
functional groups bonded to the 0 Porphyrin head
porphyrin. Chlorophyll “a” has methyl ~
group (-CH, ) while Chlorophyll “ b” has CH,
carbonyl group (-CHO).The empirical CH
formulae of chlorophyll “a” and “b” are |
Chlorophyll “a” ( C,, H,, O, N, Mg) HC-CH,
Shlcorophyll “b”(Cy H,, O,N,Mg) (CHy),
srotenoids
They include carotenes and KE ok
xanthophylls. They are yellow, orange, (CH,),
redorbrown pigments, Carotenoids play Ht':'CH,
~ two important roles in plants. They | Hydrocarbon tail
~absorb light and transfer light energy to (CH,),

ot 9,1‘.39!9?53’11 “a”. Therefore, they are :
~ talled accessory pigments. Carotenoids /C\H
.~ Potect chlorophyll from intense light ‘
W j:jﬂfﬁbmoﬁdaﬁon by oxygen produced ch s
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;.;;.!{-f"':q‘_ > Ths' absorption spectrh ofMOfthcse chlorophyils are <o

mewhat different frony
g eachother. This s clear fmmlh#dlffefem peaks as sho:

Wi inthe followi ng fig4 4.

h b e Wavelength of light (nm)

Fig: 4.4 Absarption Spectra of Chlorophylls and Carotenalds

- The carotenoids absorb light between 430-470 nm of light spectrum and
transfer it to chlorophyll 'a' molecule. To measure the absorpuon 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
,,amoum of light that passes through the solution. The amount of light can be

'..- r

alated from the amount pm]ected on the solution and the amount of light
: vedat tfhe other end after passing through the spectrophotometer This gives the
sure u of the absorption spectrum of a particular pigment. Chlotopbyll “a”
¥ " v differe mabsotpnon spectraasshown above
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4.1.5 f\'“’,'v“ ). 8 "
The carbon of CO. 1s fixed in organic compounds in photosy nthesis. Carbor

1S MOSt important component of organic compounds. Carbon -carbon chain formsh
. L

back bone of the long hydro-carbon molecule and makes a stable and symmetric
compound. Carbon makes bonds with oxygen linking the monosaccharide of
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 occur
4.1.6 Roleolfwates in photosynth

Water is one of the raw materials used in photosynthesis. Water molecule is
broken down into hydrogen and oxygen. Hydrogen 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 n the process 91
Photosynthesis comes from CO,. In 1930, Van Neil hypothesized that plants spl¥
Waler to release oxygen as a by-product. The idea of Neil was supported by Hill In
1937 he observed that when 1solated chloroplasts were given light in Comg:;:
ssence of CO, and some hydrogen acceptor was present oxygen is rc}casc:ia o
:‘:?gfﬂ‘:it’:rrcczg gl:;‘lc::leil's hypothesis when first use of an iS‘O‘C’t‘;‘;::a‘g heavy”

: S made. Water and carbon dioxide con

"lysm Isotope O were prepared in the laboratory.
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jants tn one group were supplied With H.O containip,
aly common oxygen O [t.lnnts in |hc. second groyp
{ning cOmMINON OXygen () but with € f) containing
duced O" but the plants of second group

J
K

Experimental green p
0" and with CO, containing ©
were supplied with water conia
O". It was found that plants of first group Pro
did not. -
Groupl. CO" +2HO" —* CH,O
Groupll 0"+ 2H,0° —

CHO® + HO ol B
H.O )

4.2 N i tosynthesis , 40
l 1%23;:;133&0 photyosynthesis consists of two distinct stepg: one that
requires light is called light reaction and the other that does not require light called

dark reaction.

4.2.1 Light Reaction (Light dependent reaction) . $e o
Light reaction takes place in 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 Le.
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 acceptorand electron carriers,

Electron transfer

-

Primary
electron
acceptor

Reaction

. centre

. chlorophyll,
3 izabile
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Photosystem I absorbs light of 700 nm and 18 call?d £ )| Wh"rcas Phoy,
absnrb.; light of 680 nm and 1s called P680. The primary electygy, a%m;ayu% .
clectrons from the reaction center and then passes them on to 1, e, i, e

carriers. There are two possible pathways of the electrons in ¢, gy :fele"")n
photosynthesis. They are called non-cyclic electron transpory and Cycl: tiy, e
transport " Clectrgy |
a. Non Cyclic Electron Transport of Light Reaction

a This reaction starts when sunlight strikes the photosystem (P 63 0
absorbed by the chlorophyll molecules which loses its two electrons and becﬁme. Eu%] i
charged with a deficit of two electrons. * Positiye,

e  The lost high energy electrons arc captured by an electrop acceptor
Plastoquinione (PQ). o
s _From plastoquinone the electrons pass along a series of electron 'ranSport chgiy
which includes cytochrome 'b', cytochrome 'f' and plastocyanin molecules.
. Each molecule in the electron transport chain is alternately reduceqd when it gaing
electronand is oxidized when it losses electrons.
. When electrons are passed through clectron transport chain, they lose energy. This
energy isused in making ATP from ADP and inorganic phosphate using energy from sunlight
inaprocess called as photophosphorylation.
*  The electrons from plastocyanin are received by another photosystem called
- photosystem [ (P700).
L8t - 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 1. From FRS
 electrons are passed to oxidized NADP (Nicotinamide adenine dinucleotide phosphate). The
- reduced NADP receives hydrogen from waterand is converted into NADPH,
o q,, 'h ‘plmtosystem [T absorbs light, water molecule splits (photolysis) into OH and
ﬁa H. ions react to form some water again and release oxygen and electrons.
L 4HO ——— 4H+4(OH) |
B HOH) ———% H 0 +0, g g
from water molecules are accepted by posiively cwm"f'm“ S

......

.....



Splitting of water
releases oxygen

4.7 Nen Cyelic Electroa Tramspe

h. Cyclicelectron transpect

e Cyclicelectron transport involves only photosystem L. [t occurs mtars condinoss
if the activity of photosystem ITis blocked.

o When P 700 form of chlorophyll molecule in photosystem | absorbs bght 1 8
activated and it loses electrons, which are captured by ferrodoxin rRGUCEE
substance (FRS).

s From FRS the electrons fall back to P 700 chlorophyll molecule through a sens
of electron Carriers,

s ATPmoleculesare produced during cyclic electron flow.

o The electrons which are ejected from P 700 molecules are cycled back i 8%
above electron transport therefore the process is called cyclic electron :

o AP synthesie during this cyelic electron flow is called cyeli€
pbotopbosphorylntion. s 2 U 5
water and energy of sunlight are used in light reaction. The products of &

reactions arc ATP and NADPH. Both of these are transporte mg‘mmmﬂ

yse indark reaction. B







otion where ' i
fren re ADP ix converted into ATFP and

: ADP and NADP return back to '
o reduction prod ess fixed carbon is reduced

NADP is reduced into NADPH. !

carbon sugar molecule of PGAL.
1,0

PGA+ATP = NADPH o PGAL+ADP+ P+ NAD
)

e,

erated so as to continue the cycle. The
P v many alternatives. Out of every
cule leaves the cycle to be used by the

.
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4.3 Respliration . 08 IYOCoNes wis.

Rexpiration in defined ag c,'uuclnlipn-rcdt“r:‘of;,:: e "”wn”;:'“;qm i

the lving cells during which organic food d‘membvc ehetgy i

loased Respiration ix of twa lypes 0. seroblc and a

A Aerobic vespieation (Cellulur Hesplration)
24 Aerobie re:pimnon needs free O, In aerobic respiration TEANE fong i
completely broken down nto €O, and H,0 and the stored CTIETRY I8 released The
overall equation of aerobic respiration for glucose breakdown can Be written as
Tollows:
CH,0, 4 PR —— O, 46HO+36ATYP

Glucose and oxXygen

are used and carbon dioxide and wa
Energy is released which i y

ler are produced

sed in the synthesis of ATP molecules, This 1S just the
opposite of photosynthesis where glucose and OXygen are produced and carbonp

raw materials,

‘dioxide and water are used as




47 .@.,elcm Encrgy stored in organic 2R 4
Juced. Why living cells do nor acquire direct
ecules? Why do they synthesize ATP? Tiis is
gluwbc 15 reieased i will Be oo o greas for
'»'dunl reactions. This will resu Bl heating up of the cells and als0 4 lasge amoun
£ will be wasted. ATP& tains theright amount of energy a4 vailable 1o the cel)
y furictions when it is broken dows into ADP and inorganic phosphate. Alf 1y ng
-~ cellstherefore use ATPmolwulei%fmgy R emant
. Glycolysis is the brcakdmofglw 8 6-C molecule, in two molecules of
‘ -,-v“c (3.C moleculc) and a net gain of two ATP molecules. It takes place in cytasol
_ “ plasm) and is common in both aerobic and anaerobic respirations. Glycolysis
e ‘_hotneed free oxygen.

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

R oo of b tio
ex and ATP molecules @

2

gy from the breakdown of fo

;,\, | ructose-6 Ph30phate reacts with another ATP molecule forming fmctose-l-é
3 ; hosphatc -




.m Fructose1, 6-diphosphate

= Glyceraldehyde 3-phosphate
Dihydroxyacetone (GP)
phosphate(DHAP)
2NAD

1 3 dlphosphoglyccrlc gcld
ZADP

Yy "3“{(’.!"'

¥y
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stoms are removed Som

" _ t0 2 molecule of NAD Sy

PGAL ace m’*ﬁk*‘ t the end of

‘ mpodtedmthemx Thisreactipn
E TS Themfm'm cules are 1.3

2PGA _——>m+2!1.0
. hl&mWMmMADP

Pyruvic acid .In this step phosphoenol pyruvate gives up 2 phosphate group o AD?
generating ATP and riself oxidizestopyravicacid.

p

ormmung an ATP and

2PEP-24DF ——» mm-vm

Mmleaﬂesgfpy“mtedpn@dgbmh& Simce me




o : R tlinks Glycolysis
_ This process is called linked reaction because it eKeebs oy

, +C0O, 421
& Acetyl group + CoA ———— Acetyl CoA
,',.‘ NAD+ 2" . NADH‘

2 Further oxidation of acetyl - CoA takes place In 8 cyclic manne, 1y Cycleis
~ called Krebs cycle.

i e Koeb's Cycle or Tricarboxylic Acid Cydtmi'l‘]’ o i .
. In first step of cycle, Acetyl CoA produoed - reactj
~ with pre existing oxalo acetic acid (4-C) in the presence of water mojecyje ., St
-~ citricacid (6-C). Co-A becomes free and is ready to react with another acetyl group,

AcetylCo. A+ oxaloacetate — Citrate+Co A
- » Citrate is converted to isocitrate

On combines

i Citratt —— [socitrate

- *® Iso-citrate is oxidized 1o “ketoglutarate (5-C). one carbon of isocitrate is oxidized
~ tocarbon dioxide and hydrogen is removed which is picked up by NAD reducing into
- NADH,.
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- W€ the inner membrane forms enfoldi . :
» Pmtub‘erance_s called cristae. The cristae are present in the inner chamber or

%s-.-ﬁ??‘.“sm"system are present on the cristae. A space is present between the outer and
~ 'MMermembrane called intermembrane space.
SR
{1’ 7275 (" Table No: 4.1Production of ATPs in respiratory chemical pathways.
R e e e e e R R~ (T AT
45 Pathway . CO::\:;"mc | ":I’: Seurceof ATP
Sb'“b;:i’ ' 2 To bagin ghvoal wsis requines the mput of o ATP from Secyiopless. |
phase R4 L = This s the activation cnergy neodad 30 start ths macton
off phase JATRR (4 ATP-2ATR)
: These moleenles are crested by ghyoonisin bt Sy asn enlly de }
: mmmhn.\nh&wbm&iﬂem“lwﬁ.
INADH.  Ja@® | i
(e This roqures them & enier 2 mitochondris. Aspansiccmsoms |
: ofganREy ‘dml\l’? mothes This s what canses e :
shifeseces i e Net vickd O 30 respsEnen ok '
Pyruvate 8 ' R

i- Smotic ATp Synthesis

ADP and inorganic phosphate in the electron

~ The . < :
transport »Sy;eyil’_lnﬂ:;s:s OF ATE: fr(t”:vcnt of chemical and osmotic processes is called
chemiosmptia ATPrough th?]%'t:é miosmotic theory of ATP synthesis suggests how
ATP fo fon s syuthesns..th the energy release in the electron transport system.
. 18 coupled with the je membrane. The outer membrane is smooth

Mitoch
while _t;;gdnaare surrounded by doub ng which are shelf-like projections or

‘milQChb'ndrial matrix that is filled with a gel-like substance. The carriers of electron

RO e AN




NADH

- o ol

Fiw - 4.11 Chemlosmotic ATY synthesis

ions diffuse down the inner membrane through electrochemical gradien!
ermembrane space into the matrix. The passage of hydrogen ions through
ane is coupled 1o ATP synthesis from ADP and inorganic phosphate
TP synthase complex. This process of ATP synthesis is called
wis because electrochemical and osmotic events are involved.

wpiration ol Proteins and Fats
s degrade mostly glucose to relcase encrgy. However cells can oxidize
. other food molecules such as proteins and fats to release €nergy.

n and ( Jucuse Metabolism
sing are broken down 10 amino acids, Amino group i
forming ammonia and the remaining molecule enters

s removed from 3

the Krebs cyglc.
fthe entering

o the Krebs cycle depends on the number of carbon atoms o |
. (at is used as energy source it is hydrolyzed into glyeeTs s e a
Glycerol ( 8 3-C compound) is converted o PGAL which cnle® 17 |

jon into the glycolytic pathway. Each fulty 86C/8 5y cxumpe
AR eyl groups whish eoter inio Keobe eyole. For SLCL
4 i o futty acid with 16 carbon atoms. ILBESEEEC yye pet |
timated that these cight acetyl grovh m
s of very large number of
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4‘3.3 Anaerobic Rcsplrldoll Tizg ‘without the utilization of OXygen is called
 The incomplete breakdown of &

_ anaerobic respiration. Anaembw

u'at10ﬂ (Fermentation) occurs in the absence
bmkdow" of organic food molecule and only a

vate formed in glycolysis has =
ﬁﬁ"ﬁ' thiafﬁs :: dl:wfdom availability of oxygen. If oxygen is
“available then pyruvic acids IS meletgly degradcd mt? CO, and water i
mitochondria i.e. acrobic respiration. If oxygen is not available then anaerobic
respiration continues and fermentation occurs. The process of fermentation consists
- oftwostepsi.e. glycolysm and the reduction of pyruvate into alcohol or to lactate.
Amerobnc respiration is of two types.

of oxygen. It involves incomplete !

‘& Lactic Acid Fermentation :
This form of fermentation occurs in muscle cells of human and in many

mlcrwrgamsms It completes in two steps. In the first step glucose is broken down
into 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, anacrobic respiration yields
only 2 ATP molecules. Despite its low yield of ATP, anaerobic respiration has its
unportance because of rapid production of ATP (energy) when demanded.

A) Glucose+2ATP > Pyruvic acid + 4ATP

ZNADH 2NAD

Y. I

B 2ACHO) kj* 2(CH0,)




uvic acid, “'hlch
1 also 2

‘ °0n
pholic ferm 'ﬁenlu are

LA .‘z (C;H,0H) + A7p
«.s:'“rﬂ.
i A0

Ethyl Alcohol
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. “BOlogyne 3 ;A‘Af."'i""wnu'ation of the requirements for normal
the “Uoning If “.:ix_inc"ds W{. mﬁ Y t is present in less concentration than
Omizl:xm. the proe :;Q;c posii is affected and slows down.

Dark reces: shotosynthesis, normally CO, combines with RuBP
(ca"b(“‘.\’iatim) fo,.;i?;g:f mm The process occurs in the presence of an
! . edn pais e : lase (rubisco). This enzyme can act both
as Carboxyj bulose biphosphate carboxy
and Q. I

2S¢ and oxygenase. The reaction depends on the concentration of CO,
x th %
Photo

3t "o

€ co : }. is more, then rubisco combines with CO, and
Syng centration of CO, 18

15 proceeds normally. On the other hand if the concentration of O, is

THOTE, then rubisco combines with O, and photorespiration occurs. (Rubisco can act
S carboxylase as well as oxygenase).

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

Ieaf to the external environment also occurs through the stomata. In dry and hot

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

C4RNOL enter the leaf and O, cannot leave it. Dry and hot conditions are usually

~ @ccompanied by intense sunlight therefore light reaction occurs with maximum rate

Aresults in maximum use 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,———— Glyeolate
W2, Glycolate is converted into glycine (simplest amino ac 1d) in the peroxisome.

' Glycolate ——— Glysine
3 Glycine is transported to mitochondria where it is converted into serine anda
molecule of CO, is produced. |

Glysine ———  Serine + Co,
4.4.1 Disadvantages of Photorespiration

ges 0 (Consequences
1. Photorespiration is just the reverse of phofosyntiacrs «.

. sl otosynthesis hampering the fixation of
CO,photosynthesis. g » |
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Bmcnergcticq is the study of those processes by means of which living
Organisms store, use and release energy.

Pho“’synthesis is @ process in which the green plants
“onvert light energy into chemical form.

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

ATP s a key molecule of biological world which. is the main source
Ofenergy. A &
Photosynthesis has two sets of reactions. During light reactions ATP

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

‘ducts of lightreactions are used in the dark reactions,
=d light energy.

=

whic
'‘ctive reactions of respiration release energy stored

" anaerobic (fermentation).in anaerobic

* are produced and its end products
'CO.,.

aerobic and anaerobic
~d FADH, are

of photosynthesis,

a place of CO, and

... ary days when stomats
o aaf excoeds that of CQ,







EXERCISE.

{0 ?\;33\“,\. i
3 eypaYolic cell the Krebs eyele oceurs in
M ¥tosel b, nucleus
o i\u‘:‘f”\w:‘?!‘w d mi(uvh“"d"i" S
. g g’”‘\”‘-“\‘Cl\\‘ll\h!;l the proton gl'udu‘nl(lcwlnps across the:
& Outer membrane b, innermembrane
TR Ay d. inter membrane space T
t<. Which of'the following generates more energy in acrobic respiration?
. Glucose v b. Triglyceride
=7 \“ Pr'\‘[\"l" d. Sucrose
(3.1 R0sphoenol pyruvate carboxylase is used in C4 Plants to ;
3. Fix CO. b. Fix O,
___ <. Reduce RuBp d. Reduce pyruvate molecule
YW1 ' s to the following questions

I. Define giycolysis.

2.  Whatis photorespiration?

3.  Whatdo youmean by chemiomosis?

4. State the role of carbondioxide as one of the raw materials of photosynthesis.

5. Differentiate between the absorption spectra of different photosynthetic pigments.
6. Whatisthe main difference between cyclic and non cyclic photo

* 5N

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 photorespiration and whatareits disadvantages?

. Write in detail the answers of the following questions.

A, ML PS T (N T q

Projects:

: the graphical interpretation of the wavelengths of light alone with the
Eei‘;zﬁggc abigrption by chlo.ro.phyll ‘a’and ‘b, e 8 5

. Developa flow chart for explaining the events of the light-independent reactions.

. Dray the flow charts showing theevents of glycolysis and Krebs cycle, s

. Tilustrate the net energy output during glycolysis, oxidation of pyruvate and Krebs

cycle.




