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G OUTCOMES (SLO'S)

STUDENTS LEARNIN

After studying this unit, the students will be able to

Explain the role of light, carbon dioxide and water in photosynthesus..Cls @h orophyil)
Identify the two general kinds of photosynthetic pigments (carotenol Q’e o ol loht s00TDY
Describe the roles of photosynthetic pigments in the absorption,and | nyersio y
Differentiate between the absorption spectra of chlorophyll ‘@’ O
Draw the molecular structure of chlorophyll. .\

Describe the arrangements of photosynthetic pigmen in@o m of photosystem-| and Il .
Describe the events of non-cyclic photophosphoryl 3hd outline the cyclic photophosphorylation.
Draw the Z-scheme for explaining the events the 6 pendent reactions.

Explain the Calvin cycle.

6

ht reactions.
e as the universal energy currency.

Develop a flow chart for explaining the eve
Describe the features of ATP that make i
Describe the synthesis and breakdQw
Describe the four stages in aerobi iration in eukaryotic cells:

Explain the process of anaero% iration in terms of glycolysis and conversion of pyruvate into lactic acid o
ethanol.

Outline the events of gl i’ (naming the reactants and products of each step).
Describe the link reagti cluding the role of coenzyme A.
Outline the Kreb aming the reactants and products of each step).

Describe the& AD and FAD in cellular respiration.

Explain thm ge of electrons through electron transport chain highlighting the oxidation and reductif
reactions ( s of carriers are not required). ‘ '

Describe chemiosmosis and relate it to electron transport chain.

Explain why the energy yield from respiration in aerobic itions i
con ield fro”
respiration in anaerobic conditions. i bl it s fr
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” INTRODUCTION

life proce
IVing organism depends on energy | Nearly all the energy used by
would simply cease to exist, Byt where dﬂtlnuoug, supply of energy, i b gl ol o

is the driving force behing 5

goergy

fife =% oes this e iai fromphotosynthesis.  Plants,  algae,
living cells capture, store nergy originate?

How do e . : » and use energy to andcertain bacteria capture sunlight

. : ca

’”merouseisct;‘gtltise:q::;:;i?rIII-E? o Tyout the | deomvet & into  chemicst

pe answers ns lie within the g . energy,forming the base of the food

granch of biology that focuses on the flow of 2‘:; of bioenergetics: “a ay, g

. gy in living systems”. Bioenergetics examines how cells acquire
- M. and how this energy is ultimately utilized to sustain life. Key processes
& Piration are central to this field, revealing how organisms harness energy
I © @ form that powers cellular functions.
. Explain the stru ' ‘

P Cture and function of ATP and how it acts as the energy cu f cells.
ATS. ATP: The Energy Currency of Cells

use a special :
o Cse":ate (AT:) V'Vh ::i:jlly currency for their reactions. This currency is actuallyg?deotide called adenosine
yriphosp . S store energy, they make ATP. When cells need w y break ATP.

energy, NoW they convert it into usable
cuch @ photqsynthesis and cellular r
from their environment and convert it

1

A molecule of ATP has three subunits i e ¢

+ adenine, (a nitrogen-containing base)

+ ribose (a five-carbon sugar) .\(b
+ three phosphate groups. Q

Phqsph_ate g'q;\gps

N

@_ s Adenosine 3
" Adenosine monophosphate (AMP)

&
s

Adenosine diphosphate (ADP)

Adenosine triphosphate (ATP) -

5o etk 2 At

T ¢ i e e s et - g B SL 11 ¥ S D e i

& Fig. 6.1: Molecular structure of ATP

The covalent bond%r«eefl two phosphates are high-energy | ., - g oleed in 1920 by
bonds. When one of these bonds is broken, inorganic phosphate (Pi) KarlLohmann. ‘In 1941, the Nobel prize

separates and energy is released. The breaking of one phosphate | . o pi0) Lipmann proposed that ATP
bond releases about 7.3 kcal (7,300 calories) per mole of ATP.The | ihe main energy-transfer moleculein the
chemical reaction is: cell.
ATP + H,0 - ADP + Pi + energy (7.3 kcal/mole) -
In common energy reactions, only the outer P-P high-energy bond breaks. When this happens, ATP becomes
ADP (adenosine diphosphate) and one Pi is released.
In some cases, ADP is further broken down to AMP (adenosine monophosphate) and Pi:

ADP ¢ H,0 — AMP + Pi + energy (7.3 kcal/mole)
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bining ADP with Pi 19 ¢,

Cells get energy from the oxidation of food. They store this energy by combini ™ Ave
y : ken \ i i
we can summarize that ATP is made during energy-releasing processes and :\ts is broken down during o
censuming processes. In this way, ATP transfers energy between metabolic reactions. é

mQs@
S.Cblow much energy is released m

What is bioenergetics? ki

A) The study of DNA replication phosphate bond In ATF? 8) 46 k .

B) The study of protein synthesis A)  olew D) 1.0 kcalvmme

C) The study of energy flow in ecosystems Q73 kcal/mole/ ) cal/mole

D) The study of how energy flows through living 7. What does ATP become when one Phosphaty oy |
systemsy” is removed?

Which two processes help to understand the A) AMP gl

principles of bioenergetics? C) NADP D) Glucose

A) Transcription and translation 8. Whatis the rea foRghe breakdown of ATP?

B) Photosynthesis and respirationy” A) ADP + H,0 — AR +lenergy

C) Fermentation and digestion B) ATP - ADPQ; '

D) Diffusion and osmosis O ATP +H + Pi + energyv”

What is the energy currency of cells? D) ATP + 0Q; - Glucose

A) DNA B) RNA 9.  How tg cells generate ATP?

C) ATPY” D) NADPH A) ining oxygen with glucose

Which of the following is NOT a component of ATP? x ng water

A) Adenine B) Glucosey” ) combini‘r? ADP with Pi using energy from fooq

C) Ribose D) Phosphate groups oxidation

What is released when a high-energy phosphate bon \D) By using nitrogen bases

in ATP is broken? 10N When is ATP broken down in cells?

A) NADH B) CO, A) During energy-storing processes

C) Inorganic phosphate and energyy” B) During energy-consuming processesy”

D) Oxygen and sugar C) During cell division only

D) During passive transport only

2.

Ans:

Ans:

Ans:

Ans:

Ans:

Ans:

Ans:

“through which cells store and exp

ay.

Why is energy important for liyi rganisms?

Energy fuels their growth, re ion, and daily survival. It is a fundamental aspect of life.

Which two biological proges elp to understand the principles of bioenergetics?

The processes of photm is and respiration help to understand some of the principles of bioenerget
Photosynthesis acts ergy—capturing process while respiration is an energy-releasing process.

What is ATP and le does it play in cells?

ATP, or adenosiw phate, is a special energy currency that cells use for their reactions. When cells 5%
P, and when they need energy, they break ATP.,

energy, they %

What are ta ponents of an ATP molecule?
A molecule TP has three subunits: adenine (a nitrogen-containing base), ribose (a five-carbon suge’ *
three phosphate groups. These components work together to store and release energy.

What happens when one high-energy bond of ATP is broken?

When one of the phosphate bonds is broken, inorganic Phosphate (Pi) separates and energy is releas
breaking of one phosphate bond releases about 7.3 kcal (7,300 calories) per mole of ATP.

What is the chemical equation for the breakdown of ATP to ADP?

ATP + H,O — ADP + Pi + energy (7.3 kcal/mole). In this reaction, ATP becomes ADP and one Pi is released
What happens to ADP in some energy reactions?

In some cases, ADP is further broken down to AMP (adenosi
7 3 kcal/mole of eneray.

@ 1.  What is bioenergetics?
Ans. Bioenergetics is the Eu fyhow energy flows through living systems. It explores the processs

ed ™

ne monophosphate) and Pi. This also rele¥®


https://v3.camscanner.com/user/download

How do cells get energy to form ATp;
’ cells get energy from the oxidation of food.
: How does ATP function in metabolic reac

1 s. ATP s made during energy-releasin
AN this waY, ATP transfers energy betw

tTlhey store this energy by combining ADP with Pi to form ATP,
ons?

g processes. and it is broken down during energy-consuming processes. In
€en metabolic reactions.

: OSYNTHESIS
~RODUCTION
photosynthesis involves the use of |
_otosynthetic pigments.
;,"otOSynthesiS in plants can be summarized as;
§C0; + 12H:0 + Light — C¢H,,0¢ + 60, + 6H,0
Carbon dioxide, water and light are the reactants, while glucose and
gen are the products. Water appears on both sides of the equation

pecause water is used as a reactant in some reactions and released as a
sroduct in others. However, there is no net yield of water.

ght energy that is absorbed and converted into chemical energy by

(962: ATP-ADP Cycle

Compensatio.n Point: Photosynthesis uses the products of respiration and re 10/ uses theproducts of
photosynthesis. Photosynthesis occurs only during day time but respiration (goe dayand night. During
darkness, leaves and other parts respire and utilize oxygen and releasf ¢ xide. At dawn and dusk,
when light intensity is low, the rate of photosynthesis and respiration &Jal for a short time. Thus, the
oxygen released from photosynthesis is just equal to the amountre r cellular respiration. Also, the
carbon dioxide released by respiration is just equal to theamount reguigedNby photosynthesizing cells. At this
moment there is no net gas exchange betweenleaves and atmos h’is is termed as compensation point.
At noon, when the light intensityincreases, the rate of photos e818"also increases. At this time, there is
ply -this carbon dioxide. Similarly, the

more requirement of carbon dioxide. Respiration alone c
' th@ respiring cells. So, the result is the net

oxygen produced duringphotosynthesis is more than the
release of oxygencoupled with the uptake of carbon diox

2. What is the role of light in the proceb tosynthesis?

Ans. Role of Light :
Light plays a crucial role in photosynt providing the energy | Recalling:

required to drive the chemical reactions thatfransf8rm simple molecules into | Photosynthesis is the process in
orbed by chlorophyll. The | whichthe  energy-poor  inorganic

©mplex organic compounds. Light energyyl lorophy :
#sorbed light energy is converted int ical energy, which is in turn | compoundsof carbon (ie, COy) are
_H bond energy. It happens like reduced toenergy-rich carbohydrates.

5:9’5‘1 in organic compounds in the fQ
this;
@ What is the actio&%um, and how was it discovered?

Ans. Action Spectrum
_Photosynthetic pigments absorb different wave

lengths of light | Plants convert only about 1-2%of the solar
different r the different wavelengths are also | energy they recgiveintov chgmical' energy

erently eﬁ::tei\s/é i':o;zg:g:ynthesis The effectiveness of different d;‘nr'\gphotost);?thems. Dgspne ;hnsseemmg:\ly low
Way, ve i ‘ e -~ efficiency, isconversion is  enough to
. "€lengths of light is determined in terms of action spectru sustainalmost all life on Earth

rtl)f; 8tting action spectrum of light, a plant is illuminatedhwitl:
&rent coloy . ne. While providing each colour, . .
. [dte of phortso‘s);r?ti:tsic;r;se r?}ye:sured by measuring the amount of oxygen emitted from leaves. The data is plotted
in
*9'aph called action spectrum.
The first action spectrum was ma
“Synthetic pigments of Spirogyra.

ogist, T. W. Engelmann in 1883. He worked on the

de by-a German biol . _ . : _
filament of Spirogyra were illuminated with different

o When the cells of a
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wavelengths of light, maximum photosynthesis occurred in the cells which received blue and red spectrum of lighy

and so maximum oxygen was emitted from these cells,
gﬁt Describe the role of carbon dioxide and water in the process of photosynthesis.

Ans. Role of Carbon Dioxide About 10% of total photosynthesi§ is cm
Sugar is formed by the reduction of CO; by using ATP and | byterrestrial plants,'the rest occurs in oceans, lakes
NADPH. In this way, CO, acts as the source of carbon for making andppnds. Aquatic photosynthetnc Organisms
sugars. Carbon dioxide enters the leaves through stomata and usedissolved COZ, bucarboalate; ;nd soluble
gets dissolved in water absorbed by the cell walls of mesophyll Cafbor)atesas carbon hSO}"i:edz an pb otosynthetic
cells. Stomata are found in large numbers in leaves. The entry of | organisms useatmospheric as carbon source,

CO, into the leaves is dependent upon the opening of stomata. ———ie

. . —\
Neil's hypothesis wa d on the investigations |

onphotosynthetic Qéct®ga that make carbohydrate |

o fromcarbon diox; o not release oxygen. f
Role of Water ‘ $ —

Water is the source of hydrogen for the reduction of CO; during phoﬁ’ esis. Oxygen released during

photosynthesis comes from water, and so water is an important source of oS ¢ oxygen which most organisms
need for aerobic respiration and thus for obtaining energy to live. o

in 1930s, Van Neil hypothesized that plant splits water as a sou ydrogen, releasing oxygen as 2 by-
product. Neil's hypothesis was later confirmed by scientists during the _
An experiment was conducted in.which isotopic tracer £'°O} of Joxygen was used. In laboratory, scientists

prepared water with heavy-oxygen ie, H2'®0. They also preparetihycarbon dioxide with heavy oxygen ie, C"0,

Experimental green plants in one group were given water H, normal carbon dioxide i.e., C'*0,. Plants in the
second group were given €0, and normal water i.e., H h plants were given an environment to conduct
photosynthesis. Oxygen released during photosynthesis plants was collected and tested. It was found that
plants of the first group produced '®0 but the plants of cond group produced normal oxygen (*0).

roup 2 plants

Group 1 planfs

O
> | l
,@)Q o,

Group 1 2
% 6 CO, + 12H,{*0) s C(H,,0; + 6H,0 + 670
Group 2 .
6 C[P0,)+ 12H,0 ———s C(H,[*0)+ 6H,[%0)+ 60,
Fig. 6.3: Experiment to prove that water is the source of oxygen released in photosynthesis

In photosynthesis, water is split to release hydrogen. This hydrogen reduces the coenzyme nicotinamide

adenine dinucleotide phosphate (NADP) to NADPH. The reduc " '
power” for the reduction of CO, to form sugar. ORI kN e

: 5. Explain the role of pﬁotosynthetlc i ) : .
. pigments in photosynthesis. OR lls and
accessory pigments? Describe their structure and functiorr. 58 AT

Ans. Role of Photosynthetic Pigments

Photosynthetic pigments are present in thylakoid membran

for photosynthesis. Some of the pigments are chlorophyil a, es. These pigments capture light energy necessary

chlorophyll b, xanthophylls, and carotenes. Different
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absorb light of different wavelengths (colours). Light b | .
pigm:;\:smoleCU'eS absorb one photon at a time ). Light behaves like a stream of particles called photons.
. mwhen a pigment molecule absorbs 3
nigher energy level. So, it becomes ene
2
(o' chlorophylls .
" chlorophyll is a lipid molecule. Chloro

photon, its electrons move
rgy-rich or excited. Short wavelength photons (blue) havea

higher energy than long wavelength(red)
) photons. More ener eticphotons (shorter
phylls are of different kinds. °

; wavelength)promote electrons to higher
" oroPhY" a, b, < and d are fOUQd in plants and algae, while the | energylevels,

Ct s are found in photosynthetic bacteria and are known as

:acterioCh|°’°Phy"s‘ '

structure ?f Chlorophyl'lz A molecule of chlorophyll consists of two parts i.e, a hydrophilic head and a
drophobic tail. The head is made of 3 p

orphyrin ring, which : .
ither consists of four pyrrole rings (5-sided N-containing Carotenoids, such as beta-ca

ompounds). The four pyrrole rings are held together by a | '€ in photosynthesis. They
;ggnesium atom in the centre. In chlorophyll-a, the second | " he blue and green W@L

ht energy
e spectrum

rrole ring has a methyl (CHj,) group while in chlorophyli-b, it has and protect thephotosy PRt o

f,), aldehyde (CHO) group at the same spot. The porphyrin ring of damage byexcess lig
clorophyll absorbs light. The tail is made of a long hydrocarbon chain. It ancho

4
s the cule in the thylakoid
membrane. \o ’
Chlorophylls absorb mainly violet-blue and oran

ge-red wavelengths of ligift )§reen wavelengths are least
sbsorbed by chlorophylls and are transmitted or reflected. -

H>C H @® = CHs in chloroph \
s ey

@ = CHO in chier

HsC

CH; — CH3
H3C CH3 O ‘
CH
- el @5
CH, -

(:) @

* ' Porphyrin ring
N

0" o CHab (Hydrophilic head)

L/—@—Q/—<

Hydrocarbon chain
‘ (Hydrophobic tail)
Fig. 6.4: Molec@‘ructure of chlorophyll a and chlorophyll b
ii. Accessory Pigments’ 4 _ _ . :
Accessory pigments includ e pigments, other than chlorophyll a, which can gather light for

Photosynthesis. Chlorophyll b&o essory pigment and others are carotenoids (carotenes and xanthophylls) and

Phycobilins. Chlorophyll b tenoids are found in plants, while phycobilins are found in red algae and
Yanobacteria. When access%igments absorb light, they pass on the energy towards chlorophyll a. It is generally
 believed that the order of transfer of energy in plants is:

6. What is the absorption spectrﬁm and how does it relate to photosynthesis?
Ans. Absorption Spectrum

A graph showing different wavelengths absorbed by a pigment is
d the absorption spectrum of the pigment. Absorption spectrum bychlorophyll-a are very affectivelyabsorbed
. tlorophylls indicates that absorption of blue light (430 nm) and | \,/ hiorophyli-b and viceversa. .

"™ light (670 nm) is maximum. Absorption peaks of carotenoids are | g,ch differences increase therange of light
| lfferem from those of chlorophylls. absorbed by bothchlorophylls.
Action spectrum of photosynthesis also shows that blue and
Parts of light are the most effective. This means that the action

Gl Some  wavelengths not  absorbed
dlie
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i ie i
Spectrum of photosynthesis coincides with the sbsorption spectium of photosynthetic pigments.

La) Chiorophy!l-a
R — ~Chiorophyil-b
— =Carotenoids

Absorption of light

B % Absorption
spectrum

1 A st A

350 400 450 500 550 700
Wavelengt

350 400 450 500 550 600 650 700
Wavelength (nm)

Fig. 6.5: (a)- Absorption spectrum (b)- Action

T Etomata v D) Through xylem .

What are the main reactants of photosynthesis in
dlssolve CO; in the leaf?

plants?
A) Oxygen, glucose, water @ ockets B) Phloem sap

ater absorbed by mesophyll cell walls v
Glucose solution

B) Glucose, carbon dioxide, ATP
C) Carbon dioxide, water, and lighty”
What is the role of water in photosynthesis?
~ A) It stores glucose B) It acts as a pigment

- D) Oxygen, ATP, water
2.  What are the products of photosynthesis?

A) CO; and H,0 B) Glucose and oxygem/ C) It provides hydrogen and releases oxygeny”

C) NADPH and ATP D) Light and carbon di . D) It opens stomata

Why does water appear on both sid 12. Who hypothesized that water splits during
photosynthesis equation? . photosynthesis?

A) It is used and released in equal amo nts@ A) Darwin ' B) Neilv”

B) It evaporates . C) Watson D) Sachs

Q) It forms glucose D) Itis onl @ product 13. What did scientists use to confirm Van Neis
What is the role of light in phot s? hypothesis?

A) It evaporates water B) Itjoreaksslown glucose A) Enzymes . " B) 0 isotopesv”

C) It drives the chemical reactio : . C) Glucose ' D) X-rays

D) lf opens stomata 14. What does NADPH do in photosynthesis?

Which pigr‘mnt light energy in - A) Captures sunlight B) Opens stomata
photosynthesis? | C) Acts as reducing power for CO,v"

A) Glucose Chlorophylly” D) Stores water '

3::3’:‘ D) Ribulose 15.  Where are photosynthetic pigments located?

t hlnf rum? _ A) Cell wall

A) Graph of sugakgroduction B) Thylakoid membranesy”

B) Spectrum of pigment absorption ' C) Cytoplasm . D) Stomat

C) Effectiveness of different wavelengths\/ 16. Wh . s

0 s o Wiisssioas 1 at happens when a pigment absorbs a photon?
Who made the first action spectrum? - breaks R Ipe: gt

. P Q) Its electrons become excited v
A) Van Neil B) Engelmanny” B) it cools down
C) Hooke D) Mendel
: 17. §
What did Engelmann use in his experiment? . r)"?; r:: thehc‘.”e structure of ch|orop.h i :/head?
A) Green algae B) Elodea Q) Gluccm o .
C) Spirogyray” - D)Volvox 18. What °5|e g hlorophyl*
Where does carbon dioxide enter a leaf? ' p .h :ien;ent Bak e einter of €58
A) Through phi B) Through the cut o e
ough phloem ) Through the cuticle 'A) Calcium B) Iron
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0 Magnesi“m'/ D) Potassium

what makes chlorophyll-a different from chlorophyil D) CH; group vs CHO group on the second pyrrole
19 4 rng
v 20
. t absorbed b
0 Type A) Red and blue B) Greenvy”

@1—.—' What is photosynthesis? C)' Violet D) Orange

Ans. Photosynthesis involves th i ’ . |
- photosynthetic pigments, |t a||owsepL|‘::'3\t:’f light energy that is absorbed and converted into chemical energy

using light energy. to produce glucose and oxygen from carbon dioxide and water -
What are the reactants and produycts of
carbon dioxide, water and light are the re
poth sides of the equation because wat
others.

3, Whyls there no net yield of water in photosynthesis? Q
eYefdctions and released

ans. Water appears on both sides of the equation because water is used as a reactant in
as a product in others. However, there is no net yield of water.

. What role does light play in photosynthesis? ' \.

ans. Light plays a crucial role in photosynthesis, providing the energy required e’ the chemical reactions that
transform :.ump!e molecules into complex organic compounds. Light en %bsorbed by chlorophyll and
converted into chemical energy, which is stored in organic compounds i er of C-H bond energy.
5, Whatis an action spectrum? Qj

ans. The effectiveness of different wavelengths of light is determined; k of action spectrum. For getting action
spectrum of light, a pla_nt is illuminated with different colours of fight oRe by one, and the rate of photosynthesis
is measured by measuring the amount of oxygen emitted fro @ es. ‘

6. Who made the first action spectrum and how?

Ans. The first action spectrum was made by a German bj T. W. Engelmann in 1883. He worked on the
photosynthetic pigments of Spirogyra and found maximium photosynthesis occurred in the cells which
received blue and red spectrum of light.

1. How does carbon dioxide enter the plant for @synthesis? ;

Ans. Carbon dioxide enters the leaves through h and gets dissolved in water absorbed by the cell walls of
mesophyll cells. The entry of CO; into the dependent upon the opening of stomata.

8. What is the role of CO; in sugar forma%' '

Ans, Sugar is formed by the reduction of 4D, by using ATP and NADPH. In this way, CO; acts as the source of carbon

for making sugars.
9. What is the role of water in ph @thesis? ,

Ans. Water is the source of hyd @ for the reduction of CO, during photosynthesis. Oxygen released during
photosynthesis comes fro 3h.and so water is an important source of atmospheric oxygen.

Photosynthesis?

actants while glucose and oxygen are the products. YWater appears on
er is used as reactant in some reactions and relegsgd product in

AnS:

10. What was Van Neil’s m sis? o '

Ans. In the 1930s, Van N% hesized that plant splits water as a source of hydrogen, releasing oxygen as a by-
product. Neil's hypothesi€ was later confirmed by scientists during the 1940s. '

1. What experiment confirmed that oxygen comes from water in photosynthesis? 7

Ans. An experiment using isotopic tracer (**0) was conducted. It showed that plants given water with heavy oxygen
(H,"*0) produced '®0,, confirming that the oxygen released came from water, not CO,. _ .

2. How is NADPH formed in photosynthesis? .
Ans. In photosynthesis, water is split to release hydrogen. This hydrogen reduces the coenzyme NADP to NADPH,
which serves as the “reducing power” for the reduction of CO; to form sugar.

B, Where are photosynthetic pigments found? .
Ans, Photosynthetic pigments are present in thylakoid membranes. These pigments capture light energy necessary

for photosynthesis.
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14. What happens when pigment molecules absorb photons?

Ans. When a pigment molecule absorbs a photon, its electrons move to higher energy level. So, it becomes ¢,
rich or excited. y-

15. What is the structure of chlorophyli?

Ans. A molecule of chlorophyll consists of two parts: a hydrophilic head and a hydrophobic tail. The head is mgyq,,
a porphyrin ring with a magnesium atom in the centre, and the tail is made of a long hydrocarbon chain, B
16. How does chlorophyli-a differ from chlorophyll-b?

Ans. In chlorophyll-a, the second pyrrole ring has a methyl (CHs) group. In chlorophyll-b, it has an aldehyde (ci,
group at the same spot. : )

17.  What colors of light does chlorophyll absorb and reflect?
Ans. Chlorophylls absorb mainly violet-blue and orange-red wavelengths of light. Green wavelengths are |

absorbed and are transmitted or reflected.
18. What are accessory pigments and where are they found? $
Ans. Accessory pigments include all the pigments other than chlorophyli-a which er light for photosynthesis
Chlorophyll b- and carotenoids are found in plants, while phycobilin und in the red algae ang
cyanobacteria. '
19. How is energy transferred by accessory pigments? \ & -
Y chlorophyll a. It is generally befieved

that the order of transfer of energy in plants starts with accessoryql ts.
20. What is the absorption spectrum and what does it indicate
Ans. A graph showing different wavelengths absorbed by a

Absorption spectrum of chlorophylls indicates that ab

maximum. :

Organization of Photosy%ygc Pigments (Photosystems)
t

Ans. When accessory pigments absorb light, they pass on the energy @

i€ called absorption spectrum of the pigment
f blue light (430 nm). and red light (670 nm) is

7. What are photosystems and how ar
of solar energy?

Ans. Photosystems and Their Location %1

nthetic pigments organized for efficient absorption

_ »Outer
membrane

Photosynthetic. pigments are
randomly within the chloroplast. For effici
and utilization of solar energy,. the
organized into functional

Inner
membrane

Stroma

photosystems. These photosyste embedded in
the thylakoid membranes of t% roplasts, ensuring Thylakoid
optimal orientation and functj g photosynthesis.
Components of a Photo:
Each photosyster i ed of two main parts:
1. .Antenna Co ) Granum
2 Reaction C Fig. 6.6: Structure of Chloroplast

The antenna coffiplex consists of numerous pigment molecules, such as chlorophylls and accessory pigme"f‘;
These pigment molecules function collectively to capture light energy. Once the pigments absorb light, they tran$
this energy in the form of excitation energy (high-energy electrons) to the reaction centre.
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o Na—
Y

®|etrom goreptor
i

Reachon certer
>

— A ,
\ 1 / Pigment molecules O
‘ ' of antenna
L \ -~
\.

-»¢ reaction centre contains one or more molecules of
W e giactrons W @ primary electron acceptor. From ther; ectrons are passed through a chain of
con Camers known as the electron transport chain (ETC) w urther chemical reactions occur to produce
-stoning molecules like ATP and NADPH.

<
?M‘em Photosystem | (PS- tosystem 11 (PS-1l) based on their reaction
7T centres and function.
4= Types of Photosystems Q
~~zr2 272 two types of photosystems f*web olasts:
. Photosystem I (PS-1)
. Photosystem Il (PS-Ii) (b
These photosystems are namad in t?v@u of their discovery, not in the sequence in which they operate
asing the hght-dependent reactions of thasis.
motosysters | (PS-1)
« PS-1 contains a spedial mlemlelmownasPTOOinitsreactioncentre
« PT00 s named forits ab sord light most efficiently at 2 wavelength of 700 nanometres (nm).
+ PS-ifunctions pnman the end of the electron transport chain and is involved in the final steps of
conwerting light chermcal energy.
Paotosystem Il (PS-1)

« PS-ll contains a different chlorophyll-a molecule known as P680 in its reaction centre.
» PBB0 absorbs light best at a “a\elength of 680 nanometres (nm).
«  PS-ll initiates the light-dependent reactions by abserbing light and using that energy to split water
molecules (photolysis) and generate high-energy electrons.
Together, PS-1 and PS-il work in a coordinated manner to ensure the continuous flow of electrons through the
1-scheme of photosynthesis, uitimately leading to the production of ATP and NADPH, which are used in the Calvin

e for glucose synthesis.
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Ans. Photosynthesis as a Redox Process Ay

Photosynthesis is a redox (oxidation-reduction) process. As ) 1'u ght
indicated in the photosynthesis equation, when water molecules by
are split apart, they are actually oxidized (they lose electrons and
hydrogen ions) and yield oxygen. Meanwhile, CO, is reduced to
sugar as electrons and hydrogen ions are added to it. In this way,
oxidation and reduction go hand in hand.

Complex Metabolic Pathway

However, it is not a simple, single-step process. Rather, it is
a complex metabolic pathway consisting of a series of reactions.
The light-dependent reactions take place on the thylakoid
membranes of the grana while the light-independent reactions
take place in the stroma of the chloroplasts.

Fig. c:)Qrw'ew of photosynthesis

\ .
@ Describe the key events that occur during the Iight-ﬁ\&m reactions of photosynthesis,

Ans. Light Absorption and Excitation of Electrons C) . . o
The key events in the light-dependent reactions of ph MSis are: purnng Ingr'\t dependent ' reactions,
y 9 _ P P lightenergy is absorbed and converted
(1) the absorption of light energy by photosynthetic pi ts, intochemical energy, which is in the
(2) the excitation of electrons by that energy, and form ofreducing and assimilating
(3) the formation of ATP and NADPH. % powers ie,NADPH and ATPLight
Photophosphorylation : y - | independent reactions use NADPHand
The formation of ATP is the most import of light-dependent | ATP for the reduction CO2 and
reactions. It is called photophosphorylation. T ess is either non-cyclic | thusstore chemical energy in the form
photophosphorylation or cyclic photophos ion. - '
11. Explain the process of n ¢ photophosphorylation in detail.
Ans. Involvement of Both Photosysteins : g
Non-cyclic photephosph ion is the usual way of the production of ATPs during light-dependent reactions.
In the non-cyclic pathway, b osystems i.e., PS-1 and PS-Il participate and two electron chains are involved.
1- Absorption of Light b ' :
When light fall |, the energy level of chlorophyll molecules of its antenna centre rises. Two excited
electrons move from and pass to different chlorophyll molecules. The excited electrons reach P680 chlorophyl

present in the reac%entre. Due to energy boost of P680 chlorophyll, its two excited electrons pass to the primary
electron acceptor of pHotosystem-Il. Due to it, an electron “hole” is created in P680 chlorophyll, which has become 2

strong oxidizing agent. | e —
WAL ; ' duringphotolysis is the main
The electron "hole” in chlorophyll molecule is filled by the electrons from | ¢ource ofatmospheric oxygen
water. When water molecule reacts with oxidized chlorophyll in PS-II, it breaks into
two hydrogen ions, an oxygen atom (which immediately combines with another oxygen to form O), and twe
electrons. These two electrons fill the “hole” in P680 chlorophyll. This water splitting step of photosynthesis is called
photolysis. X
3- Electron Flow from PS-1l to PS-I
In step 1, the photoexcited electrons of P680 chlorophyll were received by primary electron acceptor of PS-";
Now, these electrons pass to PS-I via an electron transport chain of PS-Ii, This chain consists of electron carriers calle”
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toch
iﬂsloquiﬂ?“; ;:?{sczszg Q;Theyr;:\izle:‘;:: plastocyanin (PC). As electrons move down the chain, their energy goes
pie " pasin rane to produ iosmosis.
i’ de;:’ ion of Li ght.by PS-| p ce ATP through the process of chemi
o o the next st‘:;.j Ig:ctt:.-: ergyf is absorbed by PS-I. The energy level of its chlorophyll molecules boosts to very
n level The exci sy nSPO P700 chlorophyll of the reaction centre pass to the primary electron acceptor of
19" 11 electrons coming from PS-l1 ill the electron “hole” of P700 chiorophyll of PS-I

757l
. anar!
efectron acceptor

Energy for
synthesis of
ATP

) by chemiosomosis

=

_ Photosystem I
Fig. 6.9: Light-dependent reactions (noncyclic p i@horylation}
5. Electron Flow from PS-I to NADP* '

The primary electron acceptor of PS-| passes the photoexcited glegggofis to a second electron transport chain.
ctase transfers these electrons from FD to

These electrons are received by ferredoxin (FD). An enzyme NADH @

NADP'. When NADP* gets two electrons and an H* ion, it is reducég ADPH. This reaction stores the high-energy
siectrons in NADPH. So, the light energy gets converted int ical energy (ATP and NADPH). The zigzag path
taken by electrons through PS-II and PS-| and electron trans aing, is called Z-scheme.

‘g 12, What is - cyclic photophospho la and how does it differ from non-cyclic
photophosphorylation?

Ans. Alternative Electron Flow Pathway

Under certain conditions, photoexcited EI% f PS-I
take an alternative path called cyclic electropsslo is path
wes PS-1 but not PS-Il. These electrons @ back from
primary electron acceptor of PS-I to P7 fophyll via the
electron transport chain. ‘
Characteristics of Cyclic Photoph

There is ho production of
oxygen. Cyclic flow, however,
Calvin cycle slows down

-————

Primary
P electron acceptor

[NADPH| NADP*

Photons

ylation

PM»and no release of
r3fes ATP. It happens when
NADPH accumulates in

~ Energy for

(h|0roplast. . symx%'s’is of O ‘ Q’}
by chemiosomosis ‘ K "‘

- OO

Photosystem |

Fig. 6.10: Cyclic Photophosphorylation

@ Explain the pl-ocess of chemiosmosis in light-dependent reactions of photosynthesis. How is ATP
Ang synthesized during this process? .
* Introduction to Chemiosmosis:

Chemiosmosis is the process by which ATP is synthesized during the light-dependent reactions of


https://v3.camscanner.com/user/download

thesis. It occurs within the thylakoid membranes of chioropiasts and mvolves a2 coupiing between the —
photosynthesss. i soort chein and ATP synthesis .
(oxidation-reduction) reactions of the electron transport ch y
in:
edox Reactions in Electron Transport Cha - I
. When light energy excites electrons in chiorophyll. these high-energy electrons are transferred througy, , Serg
of carriers'in the electron transport chain (ETC) embedded in the thylakod "*’“b”":' ‘St‘-"fd“ﬁi mowe frop. -
" ! o i .
carrier to the next they undergo redox reactions—each carner is owdized as it donates electrons and red uced 5 |
receives them " ir‘e esectron trarspont Crare
During this carrier-to-carmer transfer, electrons lose energy gradually
Ths released energy is not wasted, it 15 harnessed to drve the active
transport of hydrogen ions (H').
Proton Gradient Formation: . !
The energy lost by electrons during ETC is used to pump H’ ions from the stro of the chicropias: s 5,
. - = 2 2 - f -
nner thylakoid space (lumen). As a result, the concentration of H" ions become hig ) the .urre:; thae e
" i i 058 e 2
stroma This creates an electrochemical gradient (proton gradient), storing pote gy 3Cross the thyis. ‘
membrane.

wrrtlochondria and ;r<2':;'&:~;;?,,r;

ATP by the same mechgn,. .
chemosmos:s.

e —r—————

ATP Synthesis by ATP Synthase: ‘

To neutralize this proton gradient, H' ions tend to diffuse back igto t?@oma. However, they ca)n ’,r:» Y pass
through a specific enzyme embedded in the thylakoid membrane callgd synthase As‘the protons flow sy, =
ATP s-ynthase, the enzyme utilizes this energy to catalyze the bo.nd ADP (adenosine diphosphate) we .
inorganic phosphate (Pi), thereby synthesizing ATP.

proyejhy

-\. . -.
("'\."" v, .

NADR. [NADPH

o

: Electron transport chain and chemiosmosis in chloroplast

@‘E xht-independem reactions in photosynthesis, and how does the Calvin cycle conve?
Co; rs? Describe its phases in detail.

Ans. Introduction to Light-Independent Reactions:

Light-independent reactions, also known as dark reactions or the Calvin cycle, occur in the stromd &
chioroplasts. Unlike light-dependent reactions, these can take place in the absence of light as long as ATP and NAD &

are available. These reactions use carbon from CO,, energy from ATP, and hydrogen from NADPH to synthes=
energy-rich sugars.

The Calvin cycle was discovered by Melvin Calvin and his colleagues at the University of Ci"i‘:‘_’f’/-
recognition of this work, Calvin was awarded the Nobel Prize in 1961, iutd

; : Since the product of
T a . S . 3 i
he Calvin cycle consists of three main phases: carbonfixation is a three—ad®

compound,the Calvin cycle © ”“%
known as C-3pathway. i
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: Carbon Fixation

phé on fixation is the first step ich i
carb Sl P " which INorganic €O, is i . .
An enzyme calle R“BiSCO(nbulnse bisph 2 15 Incorporated into organic molecules.

enzymes on Earth—catalyzes the reaction O¢Phate carboxylase/orygenase)—one of the most abundant
ruBisCOcombines three molec :

ules i
pisphosphate). of Co, w!lh three molecules of RuBP (a 5-carbon sugar called ribulose
This reaction produces six m
olecules of 3-phosphoglyceric acid (3-PGA), a three-carbon compound,

: Cing pow G3P is the same three-carbon
o amore energy-rich compound, 9 power are used to convert 3-PGA sugarwhich is formed in glycolysis

. gi;g:':::\%‘:;::;::”"‘_te Phosphate groups to the six molecules of (tftiresstplr':g?:gt);f ;:I}ia;’respiraﬁon) i
Then, ;ix NADPH MOchlzlt: 1'3-b.|5ph°"’h°9|YcerIc acid. =

' phosphate (G3P), . $ Provide hydrogen to reduce these compounds into glyceraldehyde-3-

L a2 motetee oS roups e o emovedrom 1 ool B
glucose and other carbohydrates. N total, but only one G3P exits the cycle to con0 o the synthesis of

o The remaining five G3P molecules are recycled to regenerate RuBP. c ’

Ribulose biphosphate (RuBP) Bboglyceric acid (3-PGA)
Phase |
3 ADP

3 ATP

6 NADPH
6 NADP*

-4

[ |00C
Glyceraldehyde
3-phophate (G3P)

O oo
- ther
; \@o ounds

Fig. 6.12: The Calvin cycle

Phase 1} Regeneration of RuBP .
This phase ensures the continuity of the cycle by regenerating the CO, acceptor molecule.

* The five G3P molecules undergo a complex series of transformations to produce three molecules of

ribul (RuP). _
. Th:no':l:rzr :s.l?: ::zl(ecuI:s are used to add phosphate groups to each RuP, forming three RuBP molecules.

*  These RuBP molecules are now ready to accept CO; again, restarting the cycle.
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Photosynthesis

WS

1.

What are photosystems?

A) Enzymes in the stroma

B) Clusters of pigments organized in chloroplastsy”
C) DNA-containing structures

D) Protein pumps in mitochondria

Where are photosystems located in plant cells?
A) Nucleus B) Cytoplasm

C) Thylakoid membranes of chloroplasts v

D) Cell membrane - .

What are the two main parts of a photosystem?
A) Nucleus and chloroplast

B) Antenna complex and reaction centrey”

C) Light and dark reactions

D) Grana and stroma

What is the function of the antenna complex in a
photosystem? _

A) Produces glucose B) Absorbs CO;

C) Captures light and passes energy to the reaction
centre/

D) Breaks water molecules

Which pigment is found in the'réaction centre of a
photosystem?

-

A) Chlorophyll-av” B) Ch'Ofophyll-b\

C) Xanthophyll D) Phycobilin

What happens when light energy reaches the Feaction

centre? '

A) Glucose is formed B) CO;l is absorbed

C) Electrons are transferred to a primary electron
acceptor

D) Oxygen is released

What is the role of the primary electron accepton

A) Stores water B) Absorbs light direct,

C) Transfers electrons t

D) Breaks down ATP

How many phot: are present in chloroplagy)
A) One B) Twov”

C) Three D) Four )

What is spgcial chlorophyll in the reaction centr,

B) Chlorophyli-b

of Pho ”

s

C D) ATP

@ the light absorption peak of Photosystem Ii2.
00 nm B) 680 nmy”

‘§) 430 nm D) 400 nm

Mechanism of Photosynthesis

1.

What type of process is photosynthesis?
A) Hydrolysis - B) Fermentation
C) Redox (oxidation-reduction)y”

D) Neutralization

What

happens to water mol during
photosynthesis? ;
A) They combine with CO,

B) They are stored in chloroplasts @
C) They are oxidized and _yield ox@/ :

D) They become sugars

What is reduced during phe thesis? '
A) Oxygen Q) ATP
C) Water D) Carbon dioxide v’

Where do Iigm-&t reactions occur?
A) Cytoplasm B) Nucleus

C) Thylakoid ranes of granay”

D) Mitochondria '
Where do light-independent reactions take place?

A) Stromay” B) Nucleus

C) Grana D) Cytoplasm

What is the most important step of light-dependent
reactions?

A) Water formation B) Glucose production

C) ATP formationy” D) Oxygen release
What is photophosphorylation?
A) Water breakdown B) CO, fixation

10.

1.

12.

13.

C) ATP formation using light energy v

D) Pigment production

How many types of photophosphorylation are there?
A) 1 B)2v”

03 D) 4

Which photosystems are involved in non-cyciic
photophosphorylation?
A) PS-1 only

C) Both PS-l and PS-Ily”
D) None

What occurs when light falls on PS-1i?
A) Water is formed g
B) Chlorophyll becomes oxidized

C) Chlorophyll molecules’ energy levels rise v
D) ATP is consumed

What is P680?

A) A sugar molecule B) A chlorophyll in PS-I
C) A chlorophyll in PS-11/

D) A type of ATP

What is created when P680 loses electrons?
A) NADPH B) Water

C) Electron holey” D) Oxygen
What fills the electron “hole” in P680?

A) Electrons from glucose

B) Protons from stroma

C) Electrons from water v

B) PS-ll only
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p) ATP

what is photolysis?
A) ATP synthesis
) CO; reduction

4.
: B) Water ¢

plitti
D) Chi ingv”

Orophylj formation

. ©) Hydrogen ions

A) Electrons from NADPH
B) Electrons from PS-I1y”

D) Oxygen

what are the products of photolysis? 21.  What molecule receives electr ns from PS-I's primary
15 A) Sugar and ATP acceptor?
i ' A) Plastocyanin B) ATP
B) Oxygen, hydrogen ions, ang electr ya
() NADPH and CO, D) ChlorOpI-:)y?f;gd - C) Ferredoxin (FD)y” D) /\DP
6 What carries electrons from PS-11 to ps. 17 ater 22, Which enzyme is responsible for reducing NADP*?
16. ») DNA B) Riboson, A) ATP synthase B) MADP reductase v’
C) Electron transport chainy” - @) Dehydrogengse , D) Cytochrome oxidase
D) ATP synthase - 23.  What does NADP* become after accepting electrons
8 : ) and a proton?
17. What are components of the electron transport chain A) NADH B er
between PS-Il and PS-|? C) NADPHY”
A) NADP* and ATP 2
, 24.  What is the “Z-scheme* ptosynthesis? ,
B) Z(é,Pc::‘c;ccv;ot:\e complex, and PCy~ A) Calvin cycle shap ADPH formation path
0 . d i D) P700 and glucose C) Zigzag electron @rough photosystems and
18. How is ATP formed during electron transport from chainsy”
oyl . ‘D) ATP trans tR -
A) Direct Ilgh-t absorptionB) Chemiosmosisy” 25. Whatis cycli%phosphoryhﬁon?
() Fermentation D) Respiration A) Flow ns through both photosystems
19. What happens when lipht is absorbed by Ps-I? B) Formfation of sugar using CO,
A) P700 becomes excited v’ Of cycling within PS-I to generate ATP
B) P680 is oxidized - . -
C) Water is split again D) NADPH breaks down ntinuous photolysis of water
20. What fills the electron hole in P700 chlorophyll?
Chemiosmosis and Calvin Cycle
1. What is chemiosmosis in photosynthesis? What is the source of H* ions that build up in
A) Splitting of water molecules the lumen?
- B) Release of oxygen from chloroplast Q A) Glucose B) Atmospheric CO,
C) ATP synthesis using a proton gradienty” C) Water and proton pumping\/
D) Movement of CO; into leaves D) Oxygen molecules , A
2. Where does chemiosmosis occur i ells? 7. What is the role of the thylakoid membrane in
A) Cytoplasm B) Thylakoid membrane v chemiosmosis?
C).Mitachondrial membrane A) Captures sunlight only
" D) Nucleus ; B) Serves as atplatform for electron and proton
. y EES, 4 . in * the movemen
. :l‘ll;‘laa tkof;elatese ;he ol Rl 9% - C) Produces CO; D) Breaks down glucose
id lumen . . 4
R T i following is a light-independent
A) Breakdown of sugars &swe dlfoSlon\/ . 8. ::::;:::, :?f the following g9 pen
- ort usi  electrons
g) Actwe' transport- US'@ i, A) Photolysis B) Calvin cyclev”
: ) Protein synthesis » the s nfhesis C) Electron transport chain D) Photophosphorylation
B p i ot g d 9.  Where do the light-indepe: dent reactions occur
of ATP in chemiosmosis? ' in the chloroplast?
A Rubisco i A) Outer membrane B romav’
; C) ATP synthase v D) NADP reductase T C) Thylakoid space D, iranum
: rt £ 0 -
:{rh:?t Powers ATP synthase to conve 10. Which molecule captures CO; in the Calvin
A1 : cycle?
) Light energy A) Glucose

B) Flow of hydrogen ions (H")v" e
©) Glucose breakdown D) Carbon fixation

B) RuBP (Ribulose Biphosphate) v’
C) ATP D) NADPH
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: i lvin cycle considered 3 ~
. 2 16. Why is the Ca d a “eyejon
11. What enzyme catalyzes ;a;t?;r:cfcl)x\a/tlon. A) Because glucose i reused Cycler;
A) ATP synthase ”)) ;:;:\ [|)P S — B) Because RuBP is regenerated at the endy”
C) Ferredoxin * " C) Because it uses light and dark
12. What is the first stable product formed in the D} Bechusa it brosices watir
Calvin cycle? . 17. .How many CO; molecules are fixeq in one %
8 Sl:gj\sf/ : ;)) i’\;;: of the Calvin cycle? . ™
] . A) One B) Three
13. What happens in the reduction phase of the C; e D) Six
Calvin cycle? olecul
A) Forma:;on of ATP B) Oxidation of G3P 18. HO\Z m?’r'l’ye cli:c':;s;nm;:: l;:? are needey to
() Conversion of 3-PGA to G3P using NADPH and ATE\/ ﬁrgn:ce g9 B) Twa’
D) Breakdown of glucose : C; Four ) Six
i in the Calvin cycle? ' e .
14. ‘:’:T . thedftatf::rf‘:;c: rF‘{uBPe g . 19. Which scientist d red the Calvin cycle?
B)) Sto:z Tns ihe (t)hylgkoid‘ : : A) Van Niel B) Joseph Priestley
C) One exits to form glucose: the rest regenerate ‘ Q) Melvin Calvin D) Robert Hooke
RuBPy” v , 20. What ha.pp s during the regeneration phase of
_ D) Used for protein synthesis _ ~the Calyjn cy , :
15. Which of the following is NOT -used in the A) Forrgationof glucose 7
Calvin cycle? T~ B)&o of G3P to RuBPy”
A)CO, . B) ATP Xation of CO, D) Formation of ATp
C) Oxygenv” . D) NADPH .

1. What are photosystems |n chloroplasts?
Ans. Photcsystems are’ clusters. of photosy@
Ans:
Ans:
Ans:

Ans:

Ans;

Ans:

Ans:

a series of carriers EW
- . How many typx' Gtosystems are present in

Ans:

ic’ pigments organized for efficient absorption and
utilization of solar energy. They are embedded in t koid membranes of chloroplasts.

What are the two main components of a photesystem? )

A photosystem consists of a_light-gatheringdant complex 'and'a reaction centre. The antenna complex
captures light energy and passes it to the jon centre. ' '

What is the role of the antenna co I@a' photosystem?

The antenna complex centains many; ent molecules that absorb light energy. This energy is transferredin
the form of high-energy electrons action centre. T ' ' :
What happens at the reaction ¢ of a photosystem?

The reaction centre contains Ongy or more chlorophyll-a molecules which receive excitation energy. These
molecules pass high-energ% ns to a primary electron acceptor. ‘
What is the function of th Imary electron acceptor in Photosynthesis?

The primary electron afgapfor receives high-energy electrons from the reaction centre. It then transfers them 0
tron transport chain, '

cl‘\loroplasts?'

There are two ystems in chloroplasts: Photosystem | (PS-l).and Photoéysterﬁ II (PS-1I). They are named "

the order of théi Iscovery,

What type of chloraphyli-a does Photosy

: ‘osystem | contain, and what light does it absorb best? .
Photosystem | has P700 chlorephyll-a in its reaction centre, |t absorbs maximum light at a wavelength of
nm. :

What type of chlerophyll-a does Photos
Photosystem Il contains F680 chlorophyll-
What is the role of electron transport ¢

The electron transport chain ¢
acceptor. These carriers facilitat

yftgm Il contain, ang What light does it absorb best?
ain its reaction cent

hain in Photasynthesisy
Onsists of a serieg of carriers
ef .

' . |ectr®
. that receive elec rom the primary ©
urther energy conversion pr ectrons fro

Ocesses, such as ATP and NADPH formatio™

—_—
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10'
pns:

n

Ans:
Ans:

Ans:
Ans:

: Photophosphorylation is either non-cyclic photo
: Both photosystems i.e., PS-1 and PS-lI partl
: When light falls on PS-Il, the energ

electrons move from them and pass.t reaction centre.
- What is P680 chlorophyll an Q itsrole?
C

* P680 chlorophyll is-present i

 Photolysis is the splitting of water

* The electrons fill the “hole” in P680 chlorophy!

why are PS-1 and PS-1l named in that specific order?
| and PS- -1l are named in the order of their d|scovery, not based on the sequence in whnch they function n
oho tosynthes'S PS-Il-actually operates before PS-| in the light reactions.

MECHANISM OF PHOTOSYNTHESIS

Ans. Photosynthesis is a redox (oxidation- -reduction) process In this process, water is oxidized and
carbon dioxide is reduced.

what happens to water molecules during photosynthesis?
Wwater molecules are split apart they are actually oxidized (they lose electrons and hydrogen ions) and yield

Oxygen

How is carbon dioxide reduced during photosynthesis? ’ ‘ £
¢0, is reduced to sugar as electrons and hydrogen ions are added to it. Th:s reduc’uon pr@% part of tnhe

/ jwhat type of process is photosynthesis?

redox reaction. \
where do light- dependent reactions take place?
The light-dependent reactions take place on the thylakoid membranes of the grana

the photosystems involved in capturing light energy.
where do light-independent reactions cccur in the chloroplast? \

embranes c¢ontain

ans: The light- mdependent reactions take place in the stroma of the chlorop&as se reactions do neit require

The key events are: (1) the absorption of light energy by photosy

light directly.
What are the three key events in light-dependent reactrons?

nts (2) the excitation of electrons
by that energy, and (3) the formation of ATP and NADPH. -

" What is the most important step of the light- dependent rea S
: The formation of ATP is the most important step of % endent. reactions. Thls proicess is called

photophosphorylatlon
What are the types of photophosphorylatlon"

orylation or cyclic photophosphorylatlon Both
ADPH and O..

processes produce ATP, but only non- cyclic also pr e
Which photosystems are involved in non-cyc phosphorylatnon? _ _
non- cyclic photophosphorylatlon Two €lectron chains are

also involved.

What happens when light falls on PS- I _
f chIorophyll molecules of its antenna centre rises.- Two excuted

tion -centre of PS-Il. It becomes excited and trans’fers electrons to the

primary electron acceptor, %p an electron “hole”.
| 80 chlorophyll filled?

How is the electron “h ‘ |
 The sletran “holg" i< filleg#by the electronS from water. This happens through the process of photolysis of

Water,
What is photolysis?. =
P y is? during photosynthes's Water reacts with oxidized cblorophyll in PS-li and

d electrons.

hotolysis in PS-11?
. Oxygen atoms form O, and are released.

eaks into- hydrogen ions, oxygen, an
What happens to the electrons after P

i

hat nsport chain in PS- 1? :
|ectr c)I:Stl;e roIe; :l:lthe elet:‘trc:; :‘fz : Zlectrorl transport chain consisting of plastoquincne (PQ), ¢ytochrome
rom pass thro

”‘plex d i (PC). -Their energy | ic used by the thylakoid membrane to produce ATP through
and plastocyanin ‘ _

themiosmosis.
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ed by PS-1?

les boosts to Very high level. The SxEflet) €lecudns of 109 ch'°l’0phw
ules bo -

en light is absorb

happens wh ;
16. What happ fchlorOPhY'l molec
of PS-I.

. The energy level 0
o pass to the primary eiectron acceptordt ps-1? ' i o B T
It relatea to Fo°1¢ = # hloro o -l. This -
17. How are electrons .fron;r::fﬂ ps-fl fill the electron hole” of P7°9 . B mMaintaing
Ans: The electrons coming ’ . . -

continuous flow of electrons. £ pS-1?

: i ons of P5-I¢ . )
18. What happens to the photoexated telect‘l;ort chain. These electrons are received by ferredoxin (FD).
’ n trans :

g electro
_Ans: They are passed to'a second & horylation?
5 B H tophosp ory o
i formed in non-cyclic pho * n NADP*getstwo
- £ :ow * :2?3:3: :::juc_tase transfers the electrons from FD to NADP". Whe electrons ang an
Ans: An enzy , O

H* ion, it is reduced to NADPH. ] cﬁr?

0. Whatisc clic photophosphorylatien and when does it oc | ey ERE WY
e Ny i n alternative path where electrons cyglé m the primary electro,
n. It occurg when the Calvin cycle slows dow

: Cyclic photophos horylation is an 2 ;
Ane agccei;gtgr of PZ-I t:P7OO chloronhyll via the electron transport chai
and NADPH accumulates. B, o @
; SHORT ANSWER QUESTIONS CHEME&JS-
hotosynthesis?a ’ .
&‘released from electrons during redo

1. What is chemiosmosis inp .
Ans. Chemiosmosis is the mechanism by which t‘h :
 reactions in the electron transport chain is used to synthesize &LP.Nt-occurs across the thylakoid membrane it

chloroplasts. v
2. What is the role of electron transport in chemiosmosis .
Ans: Electrons pass through a series of carriers, undergoi ation and reduction reactions. This flow releases

energy used for pumping H* ions into the thylakoid |
“3. How is the proton (H*) gradient formed inside tle thylakoid lumen?
Ans: The energy from the electron transport chajn i@ to actively transport H* ions from the stroma into the
- thylakoid lumen. This creates a concentration with higher H" inside the lumen.
4. - What is the significance of the H* ion gra:b the thylakoid? )
drives the synthesis of ATP as H* ions diffuse back into

e

Ans: The H* ion gradient represents stored po energy. It
~ the stroma through ATF synthase.
5.  What is the role of ATP synthase i synthesis? : ‘ -

Ans: ATP synthase is a mernbrare prot yme that facilitates the production of ATP. It uses the energy released

» when H" ions move down their ration gradient.
6. How is ATP produced duri; iosmosis?
Ans: ATP is produced wken th H i -

Y io i indi di i
phosphate (Pi). This stor&n y in the fo:ns:\ :):r;\);'gh PR S e b!ndlng Y CRE e e
;n ) ltwlh);< |strc‘hem;osmosi%n 1al in the light-dependent reactions? | |

- Ans: It links the redox react!Gas#of the electron tran PR - '

r s o el ethciently sport chain with ATP synthesis. Without chemiosmosis, the energy

LIGHT-INDEPENDENT REACTIONS (CALVIN CYCLE)

] 1. io light-i
el 'Twhzere ao :fght*"dependent reactions occur in the chloropl t?
A se reactions take place in the st ' plas -
depend on ATP and NADPH from light-dependent reactrizr:sa of ch'Q,fOpl‘asts. They do not directly require light ant

2. What are the inputs required for the Calvin cycle?

Ans: The Calvin cycle uses carbon dioxi '
sugar molecuies. loxide (CO), ATP, and NADPH. These inputs i\elp in the synthesis of energy-fid
X > 4 ‘ synthesis o
3.  Why are light-independent reactions called the Calvi - o
Ans: They are named aftzr Melvin Calvin, who dera alvin cycle?
this work. ' '

scoverad thej g
" rnechanlsm..He received the Nobel Prize in 1961 f
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at happens during the Carb_?n fixation phase of the Calvin cycle?
is ﬁxe;i) by the enzyme RuBisCOinto organic molecules. It combines with RuBP to form 3-phosphoglyceric
W i 3-PO oo

aclh stis the role of RuBisCOin photosynthesis?
§ RuBiscocatalﬂ:; the first stgp of the Calvin cycle by fixing CO,. It is one of the most abundant and important
W zymes On Ea . :

;vhaf occurs during the reduction phase of the Calvin cycle?
b rpand NADPH are used to convert 3-PGA into G3P (glyceraldehyde-3-phosphate). This step stores energy in
ps: tne sugar molecules. -
ow is glucose formed in the Calvin cycle? - :

l one G3P molecule exits the cycle-and combines with another to form glucose. This glucose may then be used or
M5 ed by the plant. : .

storé! 2 . .
what happens in the regeneration phase of the Calvin cycle?

b wve G3P molecules are converted into three RuBP molecules using ATP. This regeneration s the cycle to
e continue fixing CO.. -

o= 6.2 CELLULAR RESPIRATION ( )

15. What is Cellular Respiration and how is Glucose utilized in this proce55\0

b (0

g pefinition and Overview
‘Cellular respiration is the universal process by which organisms break

cmpounds such as glucose to obtain usable energy. This process occurs ift
ecessary energy for biological functions.

general Equation , o
The overall chemical reaction of cellular respiration is:

(Hu0¢ + 602 — 6CO; + 6H;0 + Energy

In this equation, glucose (C¢H1206) combines with owge@e carbon dioxide, water, and energy in the

) complex carbon-containing
all organisms and provides the

bm of ATP-(Adenosine Triphosphate).

fergy Storage and Release ' :
Glucose has many carbon-hydrogen (C-H) bonds @ore a large amount of energy. In contrast, CO, and

40 have fewer or no such bonds, hence they posses less energy. The
:feakdown of glucose Ifeads to the release of this stor; y. Many of the reictbns St heawin
jpes of Cellular Respiration L your celis also occur in the cellsof
There are two main types of cellular respiratG:g : - frog, mice, planaria,mushrooms
. Anaerobic respiration — takes place i sence of oxygen. and radishes.

L Aerobic respiration - occurs in thQ ce of oxygen. -

g 16. What is Anaerobic Re i%’l

s :naerobic Respiration Ov
lmo:\aer'oblc respiration is a typesof cellular respiration that occurs in the absence of oxygen. It takes place in many
,iZEdgamsms, some plant cells, and the muscle cells of vertebrates. In this process, glucose is not completely
b and only a small amount of energy is released. '

9 Yielg '

Fro : : iratio :

!neT One glucose molecule, anaerobic respiration produces only 2 ATP molecules, which is about 2% of the
‘ 9Y content of glucose (approximately 14.6 kcal). -

S in
Anaerobjc Respiration

d What are Its Types and Mechanism?

When life evolved on planet Earth free02 was

n e ; X e
;’:fobm fespiration ineludes: not a';TIIableé Sc;, only.agaeroblcresplratnon was
X Yeolysis — : ; . o possible. u wit theevolution  of |
% the breakdown of glucose into pyruvic acid. photosynthesis on Earthmolecular oxygen

Ucti : : 2 -
Ction of Pyruvic Acid - to either lactic acid or aicohol. accumulated siowly inthe atmosphere. The
presence of treeoxygen made evolution of
aerobicrespiration possible, '
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Types of Anaerobic Respiration
a.Alcoholic Fermentation:

Occurs in bacteria and yeast. Pyruvic aci

(C2HsOH) and carbon dioxide (CO.).

b.Lactic Acid Fermentation:

Occurs in human and animal muscle cells under

d is converted into alcohol

low oxygen conditions,

and in some bacteria. Pyruvic acid is converted into lactic acid (C;H603).

2 ADP

2P 2ATP

Faut & raw X

2NAD*  2NADH 2 Pyruvic -
e acid
Glucose
2 ADP .
2P e

2NAD"*

2 NADH

Glucose

Fig. 6.13: Alcoholic fermentation and

@ What is Aerobic Respiration and How Does

& et 1

2 Pyruvic

acid

Ans. Aerobic Respiration Overview . -
Aerobic respiration occurs in the presence of oa% and results in the complete oxidation of alucose. T
0

glucose is first converted into pyruvic acid, which is t

Stages of Aerobic Respiration

Aerobic respiratipn can be divided into fo

Glycolysis

Pyruvic Acid Oxidation
Krebs Cycle

Electron Transport -
Chain(not discussed in the
given text)
Energy Yield

W

~ This form of respiratiorri
efficient and releases mificant

in the‘

amount of energy
glucose molecule.

5

>

hly/

e o
2¢O,

2NADH 2NAD' 2 Ethanol

+2H'

2NADH 2NAD'

Ok 2 Lactic
T +2H

acid (b

stégesf

The exchanm

Osbet h €0,
>hetween the organism ang
itsenvironment is ang
externalrespiration o ‘e Callgg
Cellularrespiration s the athlngl
bywhich energy is Made aS;;cESSw
tocells in a step-by-step, .. - 'atly
nffnnrd in tha ralle P xldatk)n

BN

P

O

W

l@cid fermentation

Oxidation of Glucose Occur?

pletely broken down into carbon dioxide and water

' =

Anaerdbic Respiration

c [

* 85| |58
2- §E||otE
8gl|5¢

8| [3s

(Cytosol)

. Aerobic Respiration

XN

Fig. 6.14: Overview of cellular respiration
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hat i is? Descri
@ What is Glycolysis? Describe the Steps Involved in Its Preparatory and Oxidative Phases.

- pefinition

Glycolysis is the process in which glucose (a six-carbon molecule) is broken down into two molecules of pyruvic
acid (th_ree-Cé"bon compound). It occurs in the cytosol of cells and takes place in both aerobic and anaerobic
respiration- ' .
5se"ﬁa' Components

, Specific enzymes (dissolved in the cytosol)
. ATP : . :
, Coenzyme NAD" (nicotinamide adenine‘dinucleotide)
preparatory Phase of Glycolysis ' )
1. Phosphorylation of Glucose: A phosphate group is transferred from ATP to glucose, forming Jiucase =

phosphate. |
2. Isomerization: Glucose 6-phosphate is converted to fructose 6-phosphate. - '
3. Second Phosphorylation: Another ATP transfers a phosphate to fructose 6-phosp, rming fructose 1,6-
bisphosphate. -

‘4. Cleavage: Fructose 1,6-bisphosphate splits into two three-carbon compounds:%raldehyde 3-phosphate
(63P) and dihydroxyacetone phosphate (DAP). DAP is converted into agothef@SP. :
oxidative Phase of Glycolysis : : o \0 .
1. Oxidation of G3P: Each G3P molecule is oxidized, and NAD* accept;th@l ‘ons, forming 1,3-
bisphosphoglyceric acid (1,3-BPGA). '
_ ATP Formation: 1,3-BPGA donates a phosphate to ADP to form A
Conversion: 3-PGA is converted into 2-phosphoglyceric aci
. Dehydration: 2-PGA loses water to form phosphoenol py

‘second ATP Formation: PEP donates a phosphate to ADP

- acid. ! - O

3-phosphoglyceric acid (3-PGA).

n s W

| " . ‘2.
1 | 00080  Fructose 6-ph

w
(2]
<
o
o
>
S
§
o
ul
14
o

Q00 Gl 3-phosphate (1) .
) + }cheraldehyde 3-phosphate’(2) "
A .@OO* Bihydrexfacetone phosphate (1) g o mapt
, 3 AR OSBaNADHEHY|
T o00 3=~ 15 1,3 Biphosphoglycericacid {2} - !
> R AT s A e L S SRR
% e haonlld P 2 ATP
SO . 3Phosphogiycericacid 2)-
0D 2-Phosphoglyceric acld (2)
Tl ) S L
©8-0 Phosphoenol pyruvic acid (2)2'@

-5

OXIDATIVE PHASE

ADP
9

2 ATP

. QOO Pyruvic acid ()

Fig. 6.15: Stéps in glycolysis
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i xidation (¢} Vruy;
g: t y uvic ACid Before It Enters the KI’EbS CYCIQ Describe e f p l
|9. What Happens o Pyr r4 r the O

‘Acid. : . tx
ters cells from the tissue fluid b
Acid . Glucose en ells n uid
ks Convers_Ion of Py;:‘i:;ic can enter the Krebs cycle, it | . .cyetransport using a specific glucose carrier, Thj,
d BEforiev?;;LllZ:emical changes: carrier can be controlled (gated) by hormones g
undergoes se s ‘

UCh as
1. Decarboxylation: A molecule of carbon dioxide is | insulin.

‘ ic aci i dehyde. s
moved from pyruvic acid, forming acetal _ . 4 to NADH.
2. :;xidétion: Acetaldehyde is oxidized to form an acei':yl group; NAD* is reduce
3. Formation of Acetyl-CoA: The acetyl group compmgs Buruvic ot st 41kt 156 Torwed Bask inka glicine o
with coenzyme A (CoA) to form acetyl-CoA, which is vevaming dlveaiysls, This is callgd gluco[leogenesis,
the molecule that enters the Krebs cycle. _ ic il )

NAD* NADH + H*".

(l? » €0 (I? \ , | (I? CoA &
HisC—C H ——145 HaC—C—Hl 3 HsC—C— ;3 C—CoA

' tyl CoA
Pyruvic acid Acetaldehyde Acetyl group EER

Fig. 6.16: Pyruvic acid oxidatio ‘

N N . -
@21 Describe the Krebs Cycle in Detail. What are the Majosﬂ@al Reactions Involved?
Ans. Introduction . —_—

The Krebs cycle (also called the citric acid cycle) is a c=rj e release of carbon dioxide takesplace before
énzyme-catalyzed reactions that take place in the mitochondki oxygen is involved. It istherefore not true to say
is named after the British biochemist Sir Hans Krebs. that r,espirationtyrns oxygen into carbon dioxide.

Steps of the Krebs Cycle _ ' It ismore' correct to'sa_y that respirationtu.rns
1. Formation of Citric Acid: Acetyl-CoA spl&e' hto CoA | 9lucose mtoz carb?" dioxide, andoxygen into
2 : .| -water.-
.and acetyl group. The acetyl group c esjwith a * L—
four—c_arbon molecule (oxaloacetic a form citric acid (a six-carbon compound). .
First Oxidative Decarboxylatio ‘acid undergoes decarboxylation (removal of €O, ‘and
oxidation (conversion of NAD o form a five-carbon compound, alpha-ketoglutaric acid.
3. Second Oxidative Decarbox 3 Alpha—ketoglutaric acid is further oxidized and decarboxylated to
forma four-c‘arbon compo cinic acid, which binds to CoA forming succinyl CoA.
4. ATP Formation: Sycci releases energy upon splitting, which is used to form ATP. CoA is
released, and succinic am regenerated. "
5. FAD Reduction: S acid is oxidized to fumaric acid. Since this ste
AD is used instead, forming FADH,.
cid reacts with water to form malic acid.

loacetic Acid: Malic acid is oxidiz~ed to regenerate oxaloacetic acid, and NAD' is

p does not rej:ase enough

This cycle continues a oacetic acid combines with another molecule of acetyl

-CoA, maintaining the cycle.
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Acetyl-CoA (2C)

Oxaloacetic acid (4C)

CoA

NAD" Citric acid (6C)
COz
+ + NADH ’
o y nAD"
Malic acid (4C)
NADH +H*

A

Alpha-ketoglutaric

Fumaric acid (4C) acid (5C)
FAD " coz 0
: NAD"
L Succinic acid (4C)
4+
Succinyl-CoA "
(4C) COA \
ATP ADP+P \

. Fig. 6.17: Krebs cycle o

WHat s the first step in both aercbic and anaerobic
‘espiration?

A) Krebs cycle

C) Alcoholic fermentation
D) Oxidative phosphorylation

What is the primary function.of cellular respiration? 7,
A) Produce glucose ' ' '

8) Break down carbon dioxide

() Generate usable energy\/

B) Glycolys}s\/

D) Form nucleic acids
What is the respiratory fuel in most cells? @ 8. How many ATP molecules are produced in anaerobic
A) Oxygen B) Glucosey” respiration per glucose molecule?
C) Carbon dioxide " D) Fatty acids, A) 36 B)34 -
Wha't is the general chemical equati @ cellular g2v D) 4 i
respiration? 9. What is pyruvic acid converted to in lactic acid
k) 60, + 6H,0 — CgHq,06 + 60, . fermentation?

&) CHi0¢ + 60, — 6CO, + 6 ,@Qy\/ A) Ethanol B) CO.
le CeHiz06 = 2C,HsOH + ZCOHK, ) Acetyl-CoA D) Lactic acidv”

)] C.;Huoe ~ 2C3HeO;5 % 10. Where does lactic acid fermentation occur in
Which of the following does OT contain C-H bonds? humans? :
A) Glucose B) Alcohol A) Brain cells B) Liver cells
0co,v D) Fatty acids C) Muscle cellsv” D) Red blood cells
:: ;::;kh organelle does aerobic respiration mostly | 11-  What is the product of alcoholic fermentation?
- A) Lactic acid B) Glucose
3 Ivt_ideus B) Cytoplasm : C) Alcohol and COv D) Acetyl-CoA
wm:;lochondria/ D) Ribosome 12. What is.the fyll form of ATP?

) ymbP"OCess occurs in the cytosol of the cell? A) Adenine Tnphospha[e

”; S'cycle B) Glycolysis\/ B) Adenaosine Tnphosphate/

Yvic acid oxidation D) Alcoholic fermentation C) Alpha Tetra Phosphate
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Q) Glyceraldehyde-S-phosphate

D) Adenine Tetraphosphate lvsis? D) Dihydroxyacetone phosphate
13.  What does NAD"® get reduced to during glycolysis 23.  Which coenzyme s used in oxidative d“"""’*vhuo
A) FAD B) CO. of pyruvic acid? )
C) NADHY” D) ATP - A) FAD B) NAD' v
14. What is the first compound formed in the Kr C) Biotin D) ATP
FyBies d B) Citric acid v 24. What enzyme adds water t;) f:;\'::::cld‘?
A) Malic aci iy dratase
A C; Suiéinic acid D) Acetaldehyde - 2; SLT;?(::Y"‘“ D) Oxidase
15. ZVhat enz,:;ae helps acetyl group combine w 25.  What molecule donates phosphate to ADpp d“ﬂn,
oenzyme - lysis?
i B) Dehydrogenase glycolys
é)) :f:tc;‘!utr:;iferase ) pewdres A) Fructose-1,6-biphosphate
B) G3P
D) Pyruvate dehydrogenase complex/
16. How many carbon atoms are in citric acid? €) 1,3-BPGAV B) Pep
A) 4 B)5 , 26. What does PEP stand f
Q) 6v” D)3 . A) Phosphoethyl pyrufat
17.  What is the function of FAD in the Krebs cycle? B) Phosp.hoenol pm
A) Enzyme activator B) Substrate | C) Pyruvic Enol te
C) Electron acceptory” D) Product D) Phosphate Electfon Pyruvate
18.  What happens when succinic acid is oxidized? 27. What |5‘“30 when acetyl-CoA splits in Krgp
A) Water is produced - B) FAD is reducedy” cycle?
() CO; is released D) ATP is formed ; A) % . B)ATP
19.  What is the final product that regenerates the cycle in C) Goehgyme Av” D) NAD*
the Kre‘b.s process? s - |28 hat is produced when malic acid Is oxidized?
2)) guc?mc agd » B) Malic gcid ' AYQxaloacetic acidv” B) Succinic acid
xaloacetic aci D) Citric acid Citric acid D) Fumaric acid
20. What is the energy yield from 1 glucose in anaerobic |f hat kind of reaction is involved in converting 2.
respiration? ‘ . PGA to PEP?
A ’
C; ?g :I: g) 2611‘:; v : A) Hydrolysis - B) Oxidation
21.  In which phase of glycolysi )' ay i o iy, O) Phosphorylation
A) Oridative s glycoly ';l; energy investeds (30. What is the total number of carbon atoms in one
: : - B) Recovery phase e glucose molecule? .
e C) Preparatory phasey” D) Terminal ph ¢ A3 B) 4
22.  What is the first stable intermediate in is? 05 D)6V .

A) Fructose-6-phosphate B) Glucos sphatey”
1. What s cellular regfiration? -
SQ.« Ans. Cellular respirati uni ' i
. niversal process in organi i
i ganisms through whi
glucose are broken do elease usable energy. It occurs in almostgall Iivincgh :ec:ITp'ex A —

2.  What is the general eq @ of cellular respiration?

Ans: The equation is:
CGH1205 + 602 @GHIO + Enefgy. \ )
"~ This sh
. o :y siso:;z :::t% and oxygen are converted into carbon dioxide Wwater, and en
. / Y ) ergy.
Ans: Glucose contains m - i e.nergy Then €04 and s
Sluese any C-H bonds which store a significant amount f : lct
ese bonds, and therefore, have much less stored energ ¥ 1 In sontress, €0y and 6 X
4. Whatis meant by “respiratory fue|”? el
during respiration. It serves as the substrate for gly?,use e i
5.  What are the two main types of cellular respirati
Ans: The two main types are aerobic respiration, whi i
» Which requ .
the absence of oxygen. Both begin with glycolysis butc:i for in L0 nd e Fevpieation wien "

: cells use it as the primary source of e/
oly?sls and other respiration steps * .
on |

iffer in the breakdown of pyruvic acid.
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Ans:

Ans:
Ans:

Ans:

10.
Ans:

11.
Ans:

12.
Ans:

13.
Ans:
14.
Ans:

15.
Ans:

16.
Ans:

17.
Ans:

18.
Ans:

19,
Ans;

20,
Ans:

What is glycolysis?
Glycolysis is the first ‘obi
n;mcmeg i pslire Sl‘:;p of hoth.nmohnc and anaerobic respiration where glucose is broken
r . py : ic acid. It occurs in the cytosol and is catalyzed by enzymes
What is anaerobic respiration? )
Anaerobic respiration is - irati

: i ofll‘ ! Is a type of cellular respiration that occurs without oxygen. It results in the partial
brea v glucose and yields only 2 ATP malecules per glucose
In whlclj orgaljlsrt.\s or cells does anaerobic respiration occur?
Anaerobic lesplra_t.lon occurs in many microorganisms, some plant cells,
Jlow oxygen conditions. It also occurs in bacteria and yeast

down into two

and muscle cells of vertebrates under

What is alcoholic fermentation?
In alcoholic fermentation, pyruvic acid is broken down into ethanol (C2HsOH) and CO,. This process is seen in

yeast and some bacteria.

What is lactic acid fermentation?

in lactic acid fermentation, each pyruvic acid molecule is convert
oxygen. This happens in muscle cells during intense activity and in some bacteri

How much energy is released during anaerobic respiration?
Anaerobic respiration releases energy equivalent to only two ATP molecu@hich is about 2% of the total

energy in one glucose molecule. This equals approximately 14.6 kilocala&

What happens to pyruvic acid in aerobic respiration? , ¢ '

In aerobic respiration, pyruvic acid is completely oxidized to carbb@e and water. This allows for the full
release of energy stored in glucose’s C-H bonds. 0 :

Where does glycolysis occur in the cell? .
Glycolysis occurs in the cytosol of the cell. It involves a seri e\yme-catalyzed reactions.

What is the role of NAD" in glycolysis?

NAD" acts as an electron carrier by accepting high-en r@e
pgjss "

ed into lactic acid (C3igs ;) in the absence of

ctrons and hydrogen atoms from glyceraldehyde-

3-phosphate (G3P). It gets reduced to NADH in the

What are the two phases of glycolysis? ‘
The two phases of glycolysis are the preparatory,phase and the oxidative phase. The preparatory phase
consumes ATP to prime glucose, while the o idptive phase produces ATP and pyruvic acid.
What is formed after glycolysis in aero '
After glycolysis, pyruvic acid undergoes
cycle for further breakdown. This pro

s cycle?

What happens to acetyl-CoA in :
combines with oxaloacetic acid to form citric acid. Through a series of

Acetyl-CoA enters the Krebs ¢
reactions, citric acid is oxidized, sing CO, and forming energy carriers like NADH, FADH,, and ATP.

What is the importance Krebs cycle?
The Krebs cycle is cruci@ mpletely oxidizing the acetyl group to CO; and releasing energy. It produces
NADH and FADH,, whigch'ase later used in the electron transport chain to generate more ATP.
What is the role the Krebs cycle? '
FADH, when succinic acid is oxidized to fumaric acid. It helps

FAD is an electron casfier that gets reduced to
transfer electrons to the electron transport chain for ATP production.

How is oxaloacetic acid regenerated in the Krebs cycle? ‘
Oxaloacetic acid is regenerated when malic acid is oxidized, r leasing hydrogen and electrons. These are

accepted by NAD" to form NADH, completing the cycle.

ration? .
ive decarboxylation to form ace
es place in mitochondria.

tyl-CoA, which enters the Krebs

@ Describe the Electron Transport Chain and the process of Chemiosmosis in cellular respiration.

Ans. Introduction to Electron Transport Chain (ETC)
stage of aerobic respiration. In this stage, the electrons are

lr
m"’[“Sferred from reduced coenzymes—
ochongrial membrane, ultimately ending with oxy

e fourth and final
NADH and FADH;
gen.

The electron transport chain is th i
—to a series of electron carriers embedded in the inner
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Final Electron Acceptor and Formation of Water ) ) )
Oxyggn acts as the final electron acceptor. It receives the electrons at the end of tt)e chain ar'wd combines with
hydrogen ions (H*) to form water. Thi¢ crucial step prevents the backup. of electrons in the chain and keeps the

process ongoing.

NADH NAD'

( Reduction
} Oxidation

You have seen that in redoxreactijns

electrons and hydrogenions are
removed " from substratesand

transferred to coenzymes NAD-<and
FAD.

Redox Reactions in the Chain

Theelectron transport chain works through a series of oxid
reduction- (redox) reactions. A carrier -molecule gets oxidized w
electrons, and the next one in the chain gets reduced upon gai
electrons. As electrons move from one carrier to the next, they nergy.

Role of Chemiosmosis _ i T :
’ -~ Chemiosmosis is the mechanism that couples the reactions to the synthesis of ATP using membrane-

bound €nzymes. The relee_ased energy during electron sansfer is used to actively transport hydrogen ions across the
_inner mitochondrial membrane, from the matrix to¥theNintermembrane space. This movement builds a gradient,

storing potential energy. @ \
g@ Explain the pathway of elen the Electron Transport Chain and describe how ATP is
synthesized during this progess. , '

Ans. Electron Pathway in ETC - : '

The electron transport chain is Io@ in the inner membrane of the mitochondrion. Ihiﬁally, NADH is oxidized,
releasing electrons that are picke oenzyme Q (CoQ). FADH,, when oxidized, also transfers its electrons to
CoQ. The redtl.uced CoQ passes_t ctrons to cytochrome ‘b’, which then transfers them to cytochrome c.

+ Cytochrome ‘c’ passes them chrome ‘a’ complex (a combination of two tytochi'omes). Finally, electrons aré

trahsferred to an oxygen at end of the chain. ‘
ATP Synthesis throug Tmthase gt

~ The redox reacti se energy that is used for the active transport of H* ions from the mitochondrial matrix
into the mtgrmembra 2 pace. Th|§ result§ in a high concentration of H* ions in the intermembrane space, creating 3
proton gradient. These idhs then diffuse back into the matrix through a special .protein complex called ATP synthase.
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Inter-membrane

Inter-membrane
space

(carrying electrons - - o SRR T R : +
Maf":"‘ (D Elec,t"_r_q;riktr_a;ns,pogt chain- \ '(© Chemiosmosis
osmosi$ in mitochondrion

Fig. 6.19: Electron transport chain and che
harnessed to convert ADP and inorganic

As H* jons-move through ATP synthase, their kinetic eqe
phosphate into ATP. This is the process of oxidative phosphorylati

ATP Yield . :
« Oxidation of one NADH in the ETC yields 3 ATP mole - :

« Oxidation of one FADH; yields 2 ATP molecules. g |
* ions to form water.’

+ Atthe end, oxygen combines with two electron

23. What is substrate-level phosph n and how dces it differ from chemiosmotic
~ phosphorylation? ' ' ' ' ' :

Ans. Definition of Substrate-Level Phospho

Substrate-level phosphorylation is a si

or an electron transport chain. In this m

directly to ADP, forming ATP and a ne

ay of ATP generation that occurs without the need for membranes
n enzyme transfers a phosphate group from an organic substrate

molecule.

C
]
CH; ? :
[RiboseHAdenine] [RiboseHAdenine|
Phosphoenol ADP Pyruvic acid ATP
Pyruvic acid

Sample i Glycolysis
mple of substrate-level phosphorylation is observed during the last step of glycolysis. Here, an enzyme

Wang '
py,uv; rsac?dph%phate group from phosphoenolpyruvic acid (PEP) to ADP, resulting in the formation of ATP and

" .
.Nr;““ with Chemiosmotic Phosphorylation A
Substrate-level phosphorylation is a direct enzymatic reaction and contributes only a small amount of ATP.
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* Chemiosmotic phosphorylation is membrane-based and involves the electron transport chain and ATP

synthase, generating the bulk of ATP in aerobic respiration.

- 24. Provide an overview of energy extraction from glucose oxidation anchl compare aerobic ang
anaerobic respiration.

Ans. Energy Yield from NADH and FADH, ‘ ' h
NADH and FADH, produced in glycolysis and the Krebs cycle donate high-energy electrons to the electrop
transport chain. During chemiosmosis:

Each NADH from Krebs cycle leads to the production of 3 ATP. »
Each FADH; results in 2 ATP.

NADH from Glycolysis and Transport Cost

* Glycolysis occurs in the cytoplasm, and NADH generated here must be transported i

transport costs one ATP per NADH, reducing its net yield from 3 ATP to 2 ATP.
Net ATP Production ’ :

Total ATP from aerobic respiration: 36 ATP molecules per glucose. O
¢ Total ATP from anaerobic glycolysis: 2 ATP molecules per glucose.

Thus, aerobic respiration is 18 times more efficient than anaerobic resolﬁion.

the mitochondria. This

>6 18 :
. ' - Total net yield = 3§ - :

_ Fig. 6.20: An oi——'%f;e energy extréctedffor_n the aerobic oxidation of glucose
@23 How arg oth@Q moleculles ‘used as fuel in. cellular réspifation?

Ans. Carbohydrates

han Glucose
In the diet, frei

d are converted into in
e Pyruvic acid :
e Acetyl CoA
e Organic acids of the Krebs cycle

These intérmediates enter the respiration pathways and contribute to ATP production.
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and Lipids as Fuel

i Lipids are potent energy sources because of their high carbon-hydrogen bond content. They are hydrolyzed

info:. Glycerol, which is converted to glyceraldehyde-3-
Fatty acids, which are converted to acetyl CoA

phosphate (a glycolysis intermediate)

goth prOdUCtSe“ter the respiration pathway and help in ATP synthesis.

mAS

/m;the electron transport chain located in the

; cell?

A) Cytoplasm _
B) Outer mitochondrial membrane

() Inner mitochondrial membrane v
D) Ribosome

), Which coenzymes donate electrons to the electron
transport chain? g
A)NAD+ and ATP B) NADH and FADH, v
C) FAD and ADP D) NADPH and GTP

IJ, What is the final electron Aacce'ptor in the electron

transport chain?
A) Water © B) NAD+
C) Oxygen v/ D) Hydrogen

| 4 What happens to oxygen after it accepts electrons in
the electron transport chain?

A) It forms carbon dioxide B) It forms water v~

Q It releases hydrogen D) It turns into ozone
li What is chemiosmosis? _ .

A) Movement of glucose across membranes

B) Redox reaction without ATP

) Coupling redox reactions with ATP synfhesis via -
membranes y” '

L D) Passive diffusion of water
Which molecule receives _electrons‘ dire

NADH or FADH,? N
A) Cytochrome b B) Coenzyme @
i,_ 30_*)'gé'n D) Cytochrgie@ J*
hich cytochrome - receives elec @ directly from
Ytochrome b? ‘ ‘
A) Cytochrome a 'B %e Q
" O Cytochrome ¢ v e
xhat role does ATP synth ay in chemiosmosis?

Breaks down glucose B)Pumps hydrogen ions
) Synthesizes ATP using H* ion flow v’
il Transfers electrons ‘

o:i: Many ATP molecules are produced by the
A) 1 3tion of one NADH molecule?

1 B) 2
Iy ;’3\/ . D)4 |
F:;'H ';""Y ATP molecules are produced by one
L ) 65
L‘l| C)g‘/

N Whas : D)1
Wte-level phosphorylation?

1 12,

13.

14.

16.

17.-

18.

19.

20.

A) ATP synthesis via light energy

B) ATP synthesis without membranes or-ETC v

C) Use of oxygen in respiration .

D) Passive transport of phosphat

Which process does NOT réquir® a membrane or

electron transport chain?
A) Chemiosmaosis dative phosphorylation
C) Substrate-level phosp@tion v oo

D) Aerobic respiraf\.
. Which molecule s a phosphate group to ADP

during the las glycolysis?
A) Glucose \ B) Pyruvic acid
C) Pho ‘ho@yruvic acid (PEP) v*
D)
Howdmany net ATP molecules are produced in
C aerobic respiration of one glucose?

m B)36 v’

12 D)2 -

" does NADH from glycolysis produce fewer
ATPs? ’

- A) Itis converted to CO;

B) It costs ATP to enter mitochondria v~

Q) It breaks down in the cytoplasm

D) It becomes FADH, :

How many ATP molecules are generated from each
NADH of glycolysis after mitochondrial transport?

B) 3

D)1

‘How many ATP miolecules are produced in anaerobic
respiration of one glucose?

A) 36 o B) 18

Q6 - D)2 v

Which nutrient class yields the most energy during
cellular respiration?

A) Carbohydrates B) Proteins

C) Lipids v~ D) Vitamins

What is the first step in lipid metabolism for
respiration? '

A) Dehydration

B) Hydrolysis into glycerol and fatty acids v~

C) Glycolysis D) Conversion to glucose
What happens to amino acids before they enter
cellular respiration?

A) They are fermented

C) They are deaminated v
D) They are stored as fat

B) They are phosphorylated
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. ain?
lSQ«I 1.  What is the role of oxygen in _the elecl:tn:n ::;;ﬁ;rotnc:hain‘ A .

i lectron acceptor in the electro ‘ ‘
Ans. Oxygen acts as the final e

electrons to form water.

2.

Ans:

3.

Ans:
Ans:
Ans:
Ans:
Ans:
I'\ns:

Ans:

10.

Ans:

11.

Ans:

12.

Ans:

13.

Ans:

14.

Ans:

15.

Ans:

16.
Ans:

-

n transport chain?

. a— lectro i o
What happens during redox reactions in the e and the next carrier is reduced when it gains electrons

A carrier molecule is oxidized when it loses elec.trons,
This transfer releases energy used in ATP sy-nthssm.
’ i iosmosis in cellular respiration? . . .
g\hati:s;:‘:sz';s::e process of using a membrane to couple redox reactions with ATP synthesis. It uses a Protor

em
gradient to drive the production of ATP through ATPhsyntrlxla?se.

i t i in the cell?

Where is the electron transport chain located in _ . ‘
The electron transport chain is located in the inner membrane of the mitochongdfiof This location allows y,
formation of a proton gradient across the membrane.. - : " | .
What is the first step in the electron transport chain inveolving NAD!-I.' - Q
NADH is oxidized and its electrons are transferred to coenzyme Q. This ) .the flow of electrons through
the electron transport chain. . : 2
What happens to electrons from FADH; in the electron transpo ain

Electrons from FADH, are transferred to coenzyme Q. From there, ollow the same pathway as electrone
from NADH. ' - ki

Which carriers transport electrons after coenzyme Q? ‘ . :
After coenzyme Q, electrons are passed to cytochrome by eC&cytochrorhe 'c’, and finally to the cytochrony
‘a’ complex. This leads them to the final electron accep n. )

How does the electron transport chain contribute to oton gradient?

The redox reactions pump hydrogen ions from th@o hondrial matrix to the intermembrane space. This

creates a proton gradient across the membrane. '
What is the role of ATP synthase in chemios : K
ATP synthase is a membrane protein that allgfyvs hyd gen ions to flow back into the matrix. The energy from

this flow drives the synthesis of ATP.

-How many ATP molecules are produce@rI one NADH?

One NADH molecule produces thre olecules during oxidative phosphorylation. This occurs via the
electron transport chain. 5

How many ATP molecules are med' from one FADH;?
One FADH, molecule leads to ation of two ATP moiecules in the electron transport chain. This is slightly
less efficient than NADH.

What is substrate-level p@orylation? ‘ .
Substrate-level phosphomyla is a Simpler way of making ATP without using membranes. An enzyme transfers
a phosphate group fro % bstrate molecule to ADP, forming ATP. '

g the last step of glycolysis?

How is ATP produ :
In the final ste glyColysis, an enzyme transfers a Phosphate from phosphoenol pyruvic acid (PEP) to ADP.
This forms AT ruvic acid. : ) ' . ‘

Ate

How does su -level phosphorylation differ from chemiosmosis?

Substrate-level phosphoryiation occurs directly by enzyme action without a membrane. Chemiosmosis uses ¢
proton gradient and membrane proteins to generate ATP. : '

Why does NADH from glycolysis produce few
NADH from glycolysis must be transported into
yields only two ATP instead of three.

What is the total ATP yield from aerobic res
Aerobic respiration of one glucose molecule
Krebs cycle, and oxidative phosphorylation.

s

er ATPs than 'NADAH_from the Krebs .cycle? it
the mitochondria, which costs one ATP per NADH. Therefore!

_piration of one glucose molecule? i
ylelds a net of 36 ATP molecules. This includes ATP from glycoly*®
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How many ATP molecules are produced in anaercbic respiration?

11. : - _
s Anaerobic respiration produces only 2 ATP molecules from glycclysis. It is significantly less efficient tha

n aerobic

respi['aﬁon.

" why is aerobic respiration more efficient than anaerobic respiration?

An.si perobic resplratign produces 36 ATP molecules, while anaerobic respi
,espiraﬁon is 18 times more efficient.

How are proteins used in cellular respiration? '

Proteins are l?roken iqto amino acids, which are mostly used for protein synthesis. Some are o

conveﬁEd to intermediates like pyruvic acid or acetyl CoA.

How do lipids contribute to cellular respiration? '

Lipids are broken down into glycerol and fatty acids. Glycerol enters glycolysis, while fa

acetyl CoA for the Krebs cycle.
o 6.3 PHOTORESPIRATION N

ration produces ohly 2. Thus, aerobic

19.
nated and

AnS:

20.
Ans:

tty acids are converted to

—
INTRODUCTION |
Photorespiration is a respiratory process that takes place in green cells of plants in @sence of light, where
carbon dioxide (CO2) is released. It requires oxygen (Oz) and produces CO, and w@ ,0), similar to aerobic
#Instead, it results in the

respiration. However, unlike aerobic respiration, photorespiration does not produgce A
consumption of energy and loss of fixed carbon, which can reduce the efficiency 0 o%ynthesis.

3 [ ]
@ Describe the mechanism of photorespiration including ther

Ans. In normal photosynthesis, the enzyme RuBP carboxylase
RuBisCO) catalyzes the fixation of CO; to ribulose bisphosphate
Ru8P) to form phosphoglyceric acid (phosphoglycerate), which i
ten reduced to produce glucose. However, when the
woncentration in the leaf cells decreases and oxygen concent
rs25, RuBisCObinds O, instead of CO, to RuBP. This oxy
eaction breaks RuBP into two molecules: one moleculé ¢
2 two-carbon compound). '
Phosphoglycolate is converted into glycolate,

which leaves the chloroplast and enters the
o) i .
peroxisome. In  the peroxisome, glycolate (15

metzbolized into glyoxylate using O, gen@

uBisCO.

jng:

ing carbon fixation, RuBisCO combinesthree
lecules of CO2 with threemolecuies of RuBP
and makes six moleculesof 3-phosphoglyceric

acid (3-PGA).

-o f - =
sphoglycerate and one molecule of phosphoglycolate

lokic hydrogen peroxide (H;0,) as a b
Glyorylate is then converted to glyci
"T;Ov‘es into mitochondria. In mitoc
?Cme molecules combine to for
; €N transported back to the per
é Converted into glycerate.

\
erate returns B
L] .
y

4
;ohrthe chloroplast, where%s converted into :
"osphoglycerate, allowing 4# to re-enter the '| o5z
alyin tycle. - . W Gy peghe
s 01 i
H;02
Glyoxylate ———— Glycing - Glycine
Peroxisome 1., Mitechondrion|

19. 6.21: Reactions of photorespiration
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the process?

What are the disadvantages of photorespiration for C-3 plants, and how does temperatyy, aty

" io(r:1-3s p;lfants,_ which rely solely on the Calvin cycle for carbon
Py utter significant losses due to photorespiration. They can
>€ Detween 25% to 50% of their fixed carbon through this process,
Which reduces theijr overall productivity and yield. The rate of
Photorespiration also temperature-dependent. At higher
temperatures, the . oxygenase activity of RuBisCO (which causes
ghotorespiration) increases relative to its carboxylase activity (carbon
f|>'<at|on). This makes photorespiraticn a severe problem in tropical
Fhmates where temperatures frequently exceed 28°C, negatively
Impacting agricultural yields.

Ans,
fixat

IS

5 . . [ J
@ How did photorespiration evolve and why is it a prgb \wﬂ

Sugar

Mesophyil cey

J

- Photosynt!\esis

v22a: C-3 photosynthesis

evolved because the Earth's atmospher,

Ans. Photorespiration was not a problem when photos.yntheﬁaf}t. :
contained very little oxygen. Therefore, RuBisCO primarily fi dx dioxide

- without interference. Over millions of years, as photo organisms
produced oxygen, the concentration of -free oxygen atmosphere
‘increased. This led to competition between oxygen
photorespiration. Hence, photorespiration is a byprod

C-4 plants carry out C-4 as well
asC-3 photosynthesis.

arbon dioxide -at Ru_Bis'tO's active site, resulting in
evolutionary changes in atmospheric composition ang

now poses a challenge to efficient photosynthesis. :
@ Explain the C-4 photosynthesis p@ as an adaptation to photoreshiratibn.

Ans. C-4 photosynthesis Is a specialized p'
the leaf anatomy differs from C-3 plan

@ound in plants such as corn, sugafcane, and sorghum. In C-4 plants,
sophyll cells have fewer. air spaces, and Calvin cycle enzymes are
s, which are relatively impermeable to CO,.

concentrated in specialized bundle-shm
' In the mesophyll celis. CO; i y
carbon compound called phosph

compound called oxaloacetic §cj

fixed by combining with a three-

yruvic acid (PEP) to form a four-carbon
This is. why the process is termed “C-4
photosynthesis.” Oxaloacetic hen converted into malic acid using NADH.
. Malic acid is transported t e-sheath cells, where it breaks down to release
CO; and pyruvic acid @n e-sheath cells have high CO, concentrations,
allowing the Calvin c*tp prceeed efficiently with minimal photorespiration.
The pyruvic acid refps, to the mesophyll cells and is converted back to PEP

In C-4 photosynthesis, theenergy
cost for making aglucose molecule

is almostdouble. However, f"
hotclimates, in
whichphotorespiration

wouldotherwise remove IQO{E
thanhalf of the carbon fixed, it 5
bestcompromise available.

using ATP; completing“fie cycle.
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il

M
( I esophyll cell f Bundle sheath cell
CO,
Oxaloacetic
acid (4-C) Y
Phosphoenol Malicacid 501
pyruvic acid 14-C)
(3-0) .
RuBP
\
Pyruvicacid  Pyruvic acid
3-C) — @30
Sugar ] '
C-4 Photosynthesis

Fig. 6.22b: C-4 photosynthesis
- 30. Describe CAM metabolism and how it helps plants in hot climates dea&otorespiration.

ans. Crassulacean Acid Metabolism (CAM) is another adaptation found in sbgculent”plants such as cacti and
ineapples. These plants open tf’feir stomata at night to.take in CO, and close t Fing thg day to reduce water
loss. The (O, absorbed at n!ght is fixed into organic acids, which are storedauntil ime. During the day, when the
¢omata are closed, the CO; is released from these organic acids for use in p esis.

" This temporal separation of gas exchangé reduces photorespiration Becalise the CO, concentration inside the
leaf remains high during daylight, preventing RuBisCO from binding efnlike C-4 plants, CAM plants' use both C-4
snd C-3 pathways, enabling them to conserve water and minimize photoréspiration under hot, arlq conditions.

et

from the givenflowchart, build
aparagraph that . candescribe a
comparisonbetween
photosynthesisand respiration in
termsof reactants andproducts
of major steps.

Photorespiration =~ ‘ A
L Weth Dl ' b) Breakdown of RuBP into phosphoglycerate and

a) Respiration occurring i%ark phosphoglycolate\/ : :
b) Respiration in green cells i presence of light .9 Increase in ATP production
producing CO, v~ : : . °  d) Direct synthesis of glycerate
¢) Anaerobic respiration in roots 4. What toxic byproduct is produced during
d) ATP-producing respiration in mitochondria ' photorespiration in the pero <isome?
% Which enzyme catalyzes the fixation of CO; during a) Carbon dioxide ! Hydrogen peroxidey”
Photosynthesis? ¢) Methane " Nitric oxide
3) ATP synthase - b) RuBisCOvV” . | 5. Where in the cell is glycine onverted to serine during
3 ©) NADH reductase d) Phosphoglycerate kinase Phg;rml’liﬁ“o"? e .
- W " hi : a) Chloroplast _ Cytoplasm
ofhci;zl?lappens when RuBisCO binds oxygen instead o e W i
3) Production of glucosé 6. What percentage of fixed carbon can be lost due to
photorespiration in'C-3 plants?



https://v3.camscanner.com/user/download

0510 ) 15.20% O rleropiadt Astmileion Mottt i P
) 25-50% v/ d) 60-70%. d) Chloroplas . ™ Mmosses
( ’ 14. When do CAM plants open their stomata?
How does temperature affect the rate of . ; A b} During the ni
héte irstion? a) During the day D) Dur n'g e nighty”
photoresp ) ; ol d) Only in the morn;
Q) Rate decreases with increasing temperature ¢) Continuously _ ; ?mmg
b) Rate increases with increasing \mnpcral(u'e/ 15. How do CAM plants reduce phothESPlfatIOn?
¢) Rate remains constant a) By increasing oxygen concentra'tlon
d) Rate fluctuates unpredictably ‘ b) By keeping stomata closed during the day and using
8. Why was photorespiration not a problem when s.lf)rcd C(?z-/
photosynthesis first evolved? c) By HCREANINg water upta'ke‘
a) Low oxygen levels in atmosphere v d) By producing more RuBisCO enzyme
b) Higher CO, concentration than today 16. Which pathway(s) AM  plants  use g
¢) Lack of RuBisCO enzyme photosynthesis?
d) Presence of alternate enzymes a) Only C-3 pathwa b) Only C-4 pathway
9.  Which plants perfoom C-4 photosynthesis as an c) Both C-3 and@ waysy”
adaptation to photorespiration? d) Neither C-3 for Gy4 pathways '
a) Wheat and rice 17. - What mblgcule Hoes RuBisCO add to RuBP during
b) Corn, sugarcane, and sorghumy” _ normal \ﬁ\thesis?
¢) Pineapple and cacti d) Mosses and ferns - a) O;yg%‘ b) Carbon dioxidey”
10. What is the  first product formed in C-4 ) \ d) NADPH
photosynthesis when €O, is fixed? | 18. W@nolecule is formed when. phosphoglycolate is
_ a) Phosphoglycerate b) Malic acid % ed in the peroxisome?
¢) Oxaloacetic acidy” d) Pyruvic acid - ycolate ' b) Glyoxylatey”
11.  Where in C-4 plants does the Calvin cycle primarily ) Glycerate ° * d) Serine
occur? = P @ What is the ultimate fate of glycerate formed in
a) Mesophyll cells b) Bundle sheath cellsy” photorespiration?
¢) Peroxisomes d) Mitochondria . % ~ a) Itis discarded as waste .
12. What happens to pyravic acid produced in the e b) It re-enters the Calvin cycle as phosp_hoglycerate/
' sheath cells of C-4 plants? 0 It converts into glucese directly -
a) Converted to glucose : d) It accumulates in the mitochondria
b) Returns to mesophiyil cells and converte 20. Why is photorespiration considered inefficient for
€) Used to produce oxygen : - plants? E . |
d) Degraded in mitochondria @ ~ a) It produces too much glucose
13.  What does CAM metaholism sc and in what b) It consumes energy and releases fixed carbon without
kind of plants is it found? - . producing ATPs/.y
a) Crasgulacean Acid Metaboli nd in succulents like ¢) It requires no oxygen
cactiv’ d) It enhances plant growth at low CO,

—

E;! ! 1. Wh& torespiration?
Ans. P

spiiation is a process in

b) Carbon Assimilation M m; found in all trees .
% Photorespiration
(s o .

e

- . il green cells where respiration occurs in the presence of light
releasing carbon dioxide’ Unlike ncrmal respiration, i

2. Which enzyme is responsible for fixing CO, durin
: RuBisCO, also calieri RuBP carhoxylase, fixes carb
However, it can also react with oxygen, leading to

t requires oxygen but does not produce ATP.
g photosynthesis?
on dioxide

by attaching it to RuBP during the Calvin cycle

photorespiration.

3. What happens when RuBisCO binds oxygen instead of carbon dioxide?
: RuBisCO adds oxygen to RuBP, causing it to brea

k down into ph lvcolate. This
- reaction initiates the photcrespiration pathway. Phosphoglycerate and phosphogly
4.  Where does phosphoglycolate go after its formaticn?
: Phosphoglycolate is converted into glycolate, which

: . : N . he
. on! moves from the oxisome. In't
peroxisome, alvcolate: is further metabolized. chlorOpIast W
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5.

s comPOU"d is toxic and needs to be detoxified by the plant.

pns:

ans:

AnS:

10.
Ans:

1.
Ans:

12.
Ans:

13.
Ans:

Ang:

X,

Ans:

: Pyruvic acid moves back to mesophyll cells whér: is
1t?

: CAM metabolism is an adaptation found
: By fixing CO; at night and storing i

: CAM plants open their s

pat toxic substance is produced in the

: peroxisome during ph
g the conversion of glycolate to glyo g photorespiraticn?

purin xylate in the peroxisome, hydrogen peroxide (H;0,) 1s produced. This

- is glycine converted during photorespiration?
GI)’Oxylate is converted into glycine, which then moves to the mitochondrion In the mitochondrion, two glycine

: rno,ecu|es combine to form one molecule of serine.

what happens to serine in photorespiration?

erine is transported back to the peroxisome, where it is converted into glycerate. Gly-erate then returns to the

S
“Lioroplast to re-enter the Calvin cycle.

chlor@ )
Wwhat is the main disadvantage of photorespiration in C-3 plants?

Fhoml‘eSPi"a“on ST C_—3 plants to lose between 25% to 50% of their tixed carbon. This reduces the overall
efficiency of photosynthesis and decreases plant yield.

How does temperature affect photorespiration? )

At higher temperatures, BuBﬁsCO's oxygenase activity increases relative to its carboxylag®
higher rates of photorespiration, especially in tropical climates.

Why was photorespiration not a problem in early Earth’s atmosphere? .
initially, the atmosphere had very little oxygen, so RuBisCO mostly fixed carbog'j e. The accurmulation of.
oxygen Over millions of years created competition between CO, and O, for RuBisC@Q active site

What is the key adaptation in-C-4 plants to reduce photorespiration? ° . .
¢-4 plants fix CO; into a four-carbon compound called oxaloacetic agid sophyll cells. This compound is
transported to bundle sheath cells where CO, is released and used in t cycle.

What type of cells contain most Calvin cycle enzymes in C-4 plantg?
The Calvin cycle enzymes are concentrated in bundle sheath cellSy
gases, allowing CO; to accumulate and reduce photorespiratio

What happens to malic acid in C-4 plants?
Malic acid is transported from mesophyll ceils to bundle
into pyruvic acid and CO, providing high CO; levels fo
How is pyruvic acid recycled in.C-4 plants? :

plants. These cells are less permeable to

cells. In the bundle sheath, it is broken down

nverted to phosphoenol pyruvic acid (PEP) using ATP.
This regeneration is essential for continuing the athway. ’

What is CAM metabolism and which plant

ulent plants like cacti and pineapples. These plants cpen their
‘ ing the day to conserve water.
i, tion? o :
ganic acids, CAM plants maintain high internal CO, during the day. This
’s active site and lowers photorespiration. |
se their stomata?

stomata at night to fix CO, and close t
reduces oxygen competition at
When do CAM plants ope

day to prevent water logsi
What is the first prod rmed when CO; is fixed in C-4 photosynthesis?

 The first product is oxaloacetic acid, a four-carbon compound formed by attaching CC; to phosphoenol pyruvic

aid. This is why the process is called C-4 photosynthesis.
What role does the peroxisome play in photorespiration?
Lhe peroxisome metaboli_zes glycolate to glyoxylate and converts serine to glycerate. It also produces and
€toxifies hydrogen peroxide during these processes. |
‘g:y |d°.c‘3 Plants suffer greater losses due to photorespiration compared to C-4 plants
[esuﬁsapts lack the mechanism to concentrate CO, around RuBisCO, leading to oxygen compe
In a higher rate of photorespiration and loss of fixed carbon.

?
ting with CO2. This
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Tick (v") the correct answer.

1.

10.

Ans:

Ans:

Ans:

Ans:

Ans:

~ Which of these is CO.'acceptor during phot

.The absorption spe

*Photosynthe:

SOLVED EXERCISE
MULTIPLE CHOICE QUESTIONS |

What main process occurs during the dark reaction of photosynthesis?

(a) Release of oxygen (b) Energy absorption by chlorophyll
(c) Adding of hydrogen to CO,v” (d) Formation of ATP

What is TRUE about glycolysis? :

(a) It produces no ATP

(b) It takes place only in aerobic respiration

(c) It takes place in the mitochondrion

(d) It reduces 2 molecules of NAD* for every glucose molecule processed v’
Which of the following are produced b

y the reactions that occur in the oid and consumed by the

reactions that occur in the stroma? .. ‘ . . :
(a) CO; and H,0 (b) Glucose and O, (c) NADP* and AC() (d) ATP and NADPH

o ° . .
When deprived of oxygen, yeast cells obtain energy by fermen \producmg CO,, A'!'P apd,
(a) Acetyl CoA (b) Ethyl alcoholy” (c) Lactic,aéi (d) Pyruvic acid
Conversion of Glucose 6-phosphate into Fructose 6-phosp . . .
(a) Isomerizationy” (b) Polymerization (¢ Condensation - (d) Phosphorylation

In which of the following conversions is ATP produ_
(a) Alpha ketoglutaric acid into succinyl CoA  (b) Succi

into succinic acidv”
(€) Succinic acid into fumaric acid (d) Fu id into malic acid
In the electron traasport chain, FADH, produce any ATPs?
(a) One (b) Twoy” - (¢) Three (d) Four

thesis?

atev” (c) Oxaloacetic acid - (d) Phosphoglyceric acid
st by Photosystem | on absorption of light energy?

(c) Cytochrome a,3 (d) Plastocyanin |
ost due to light excitation by taking up the electrons released

(a) Malic acid (b) Ribulose bip,
Which of the following takes the electro;

(a) Ferredoxiny” (b) Cytochro
Photosystem-Ii makes up the ele
from,

(a) Ferredoxin ~ (b)N H* (c) Plastocyanin (d) Photolysis of wéten/

SHORT ANSWER QUESTIONS I
Differentiate between ac@

pectrum and absorption spectrum.
Ashows the wavelen

gths of light absorbed by pigments like chlorophyll. The action
' of photosynthesis

spectrum indicates at different wavelengths and shows which wavelengths are most

effective for the pracésg

How is photo is a redox reaction?

Ives the reduction of carbo
h reduction and oxidation p
Which molecule contributes oxygen in gluco
The oxygen atoms in glucose (CsHr:0¢) come from carbon dioxide (CO,). Water contributes the oxygen tht
is released as O, during the light reaction,

State the role of €O, in photosynthesis.

Carbon dioxide acts as a raw material in the

; dark reactions (Calvin cycle) of photosynthesis. It is fixed int®
organic molecules, eventually forming glucose.
Define electron transport chain.

hotosy, n dioxide into glucose and the oxidation of water into oxygen
Since it involves*fot rocesses, it is classified as a redox reaction.

se? Water or carbon dioxide! .
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what do you mean by glycolysis?

g 'GIyCO|ySiS is the process of breaking down glucose into two molecules of pyruvic acid, releasing energy. It
m ccurs in the cytoplasm and produces ATp and NADH.
What is the ma?n 5?""“““' t!ifference between chlorophyll-a and chlorophyll-b?
" he difference lies in a functional group attached to the porphyrin ring: chlorophyll-a has a methyl group
w (-CH3), while chlorophyll-b has an aldehyde group (-CHO). This difference slightly alters their light absorption
properties

How can a cell synthesize ATP through substrate-lev

el phosphorylation?
. In substrate-level phosphorylationl h

uring glycolysis and the Krebs cycle without the involvement of
rt chain.
the electron transpo

g Can pyruvic acid enter Krebs cycle as such? If not,

s: No, pyruvic acid cannot enter the Krebs cycle directly. It is first converted into Acetyl-e
e dioxide molecule and combining with coenzyme A. :

cycle?
losing a carbon

10. Differentiate between C-3 and C-4 photosynthesis.

@ .
ans: In C-3 photosynthesis, the first stable product is a 3-carbon compound (3 hoglycerate), and it occurs
directly in mesophyll cells. In C-4 phot

osynthesis, a 4-carbon compoumd, { cetate or malate) is formed
first and CO; fixation occurs in bundle sheath cells, helping reduce photo ion.

LONG ANSWER QUESTIO
ts and what role- they pla

Q1. What are photosynthetic pigmen
energy? .

Ans: See question Q5.

@. How are the absorption s
Ans: See question Q6. '
Q. Describe and illustrate
Ans: See Question Q7.

Q. Describe how th

e role of water in photosynt i@e explained throughexperiment.
Ans: See Question Q4

absorption andconversion of light

Pectra of chlorophyll ‘a’ and ‘b’ different?

‘how photosynthetic pigmen organized in thylakcidmembrane?

Qs, .What are the events that cahtUI’e light
feactions? %
Ans: ¢eq Question 10 ang 11. |
Q6. llustrate the Cyclic photo
ns: See Question Number 12,

. Describ
Glin eyepy @ light independent rea

nvert it into chemical energy duringlight dependent

Phosphory

Q f ﬁhotosynthesis in terms of Paragraph andillustrate in terms of

Q :'question 14
. at ha i -
:roducm PPens with gly anaerobic respiration and how different organismsmodify the end
Q;S: See Questiop, 16 :

ow is g ' '
Ans. 9lucose by,

nS: See uestion 15 oken down to Pyruvic acid in glycolysis?
Ans; ¢ ricribe hoy, Kr, |

: ebs i '
s Ei; lQ:lestiOn o cycle is the completion of the oxidation of glycolytic products.
Ang; ¢ a““"m“sa .
' 288 Quest; ge of electron
2: . Define ch:).: 21 on through electron transport chain,

5. See Quesyj SMmasjs, Ho
* Through :'?lf\‘ifﬁ W Would yoy relate it with electron transport chain?
Ns: sea Questigp, 25 Wayg Proteins and far

ats enter

cellular respiration?
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- Qla.
Ans:
Q15.
Ans:

Q6.
Ans:

Ans:

Ans:

Ans:

sam ilint * is is notperfect”.
Define photorespiration and present it in proving that 'Ph°t°57"thes's in Abiperte

see question 26 . 2 3 :

What are the effects of temperature on the oxidative activity of RuBisCO?

See question 29 ' ' . -
How is the process of C4 photosynthesis an adaptation to deal with the problemof photorespiration?
See question 30

INQUISITIVE QUESTIONS I

Why does cellular respiration release energy more efficiently than fermen.ta?g '

Cellular respiration releases energy more efficiently because it completely oxcye ucose into cart?on dioxide
and water, producing up to 36-38 ATP molecules per glucose. Iq Fontrast, ridentation only partially breg
down glucose, yielding just 2 ATP per glucose, making it far less efficient. &

Why is the conversion of glucose into ATP during cellular respira% sidered a more efficient use of
energy than burning glucose directly? o

In cellular respiration, the energy from glucose is released
stored in the form of ATP, which the cell can use-directly.
which is wasted and cannot be used by biological system:s
Why might a disruption in either photosynthesis
oxygen cycles? . 7
Photosynthesis and respiration are interconnected sses that regulate the levels of carbon dioxide and

oxygen in the atmosphere. Disruption in either s would cause an imbalance, leading to excess CO; or
reduced O, levels, ultimately impacting climate, tems, and life on Earth.

<
T .
,@9
s

rough controlled enzymatic steps zng
cose releases energy all at once zs hezt

iration processes affect global carbon and
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Self-Assessment Unit 6
rks:28 - ' Time allowed 60 Mins

.Ma : i
gach of the following question has four options. Select the correct answer. (10x1=10)

which key ‘ev.ent takes place during the dark phase of photosynthesis?
(a) Oxygen is !|berated A (b) Chlorophyll absorbs light energy
(© Hydrogen s added to carbon dioxide (d) ATP is synthesized -

which statement correctly describes glycolysis?
@t generates zero ATP

(b) It happens only under aerobic conditions

() It occurs within the mitochondria

(d) It involves the reduction of two NAD* molecules per glucose .
Which substances are formed in the thylakoid reactions and utilized in the stroma durin@

photosynthesis? ,

(a) Carbon diO)'(ide and water  (b) Glucose and oxygen (c) NADP* and ADP d and NADPH
in the absence of oxygen, yeast cells derive energy through fermentation, produ ATP, CO;, and:
" (a) Acetyl coenzyme A (b) Ethanol (o) Lactic acid
The transformation of glucose-6-phosphate into fructose-6-phosphate isan e le of: '
(a) Isomerization (b) Polymerization - () Condensation o(d) Phosphorylatlon
In which step of the Krebs cycle is ATP (or GTP) directly produced? _ (b . .
(a) Alpha-ketoglutarate to succinyl-CoA -~ o \
(b) Succinyl-CoA to succinate o :
() Succinate to fumarate %\
(d) Fumarate to malate . ‘ :
During the electron transport chain, the oxidation of one molecule results in the production of
how many ATP molecules? L
(@)1 S )2 ( . . (d4
Which molecule acts as the carbon dioxide acceptorf eXalvin cycle? s
(a) Malate - (b) Ribulose bisphosph Py ' -
(c) Oxalodcetate (d) 3-phosphoglycer :
~ After Photosystem | loses electrons due to itation, which molecule recei\'Ie\s them?
(a) Ferredoxin (b) Cytochrome ct X .
() Cytochrome a3 - (d) Plastocyam ' ‘. R
Photosystem Il compensates for its | rons by accepting new ones released from:
(@) Ferredoxin (b) NAD C o e
(@ Plastocyanin . (d) SpliftiAdrof water

. questions. : (ad=ta)
Differentiate between action and absorption spectrum. "
State the role of CO, in @th sis.
Define electron transp ;&m
What do you mean by lysis?
leferentiate between C-3 and C-4 phofoSynthesié.
:lVrlte detailed answer to the vf_ollow\ing que‘stibn. R | Seei
ustrgte- the cyclic photophosphorylation. :
escribe how Krebs cycle is the completion of the oxidation of glycolytic products.
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