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General Instructions :
 (i) This question paper contains 27 questions.
 (ii) All questions are compulsory.
 (iii) This question paper consists of four sections A, B, C and D. Section-A contains 5 questions of 1 mark each, Section-B 

comprises of 7 questions of 2 marks each, Section-C has 12 questions of 3 marks each and Section-D contains 3 questions of 
5 marks each. 3. There is no overall choice. However an internal choice has been provided in two questions of 1 mark, two 
questions of 2 marks, four questions of 3 marks and all the three questions of 5 marks. A student has to attempt only one of 
the alternatives in such questions.

 (iv) Draw the neat and well labelled diagrams wherever necessary.

Section A
 1. Name the organism responsible for red tides. 1

OR
  Why is Deuteromycetes called fungi imperfecti ?
 2. What is the cause of coronary artery disease ? 1
 3. Write the structural formula of the simplest amino acid ? 1
 4. State the relationship between water potential, solute potential and pressure potential ? 1

OR
  Name the primary CO2 acceptor in C4 plants ?  1
 5. What is the function of ciliated epithelium ? Where does it occur ?

Section B
 6. How is cambium ring formed in a dicot stem ? How does it function in secondary growth ? 2
 7. Explain with the help of diagrams various types of chromosomes on the basis of position of centromere ? 2

OR
  Who proposed the cell theory ? Mention the main postulates of the theory.
 8. What are the enzyme inhibitors ? How does a competitive inhibitor affect the activity of an enzyme ? 2
 9. How can one distinguish between mitotic anaphase and anaphase I of meiosis ? 2
 10. How is root pressure created in plants ? Can it be the sole force responsible for ascent of water inside xylem ? Give 

reason. 2
OR

  With the help of suitable diagram describe the process of plasmolysis in plant cell.
 11. Name the two most important amides found in plants. What is their significance ? 2
 12. Give a summary of ATP synthesis during aerobic respiration. How does it differ from that during anaerobic 

respiration ? 2

Section C
 13. Compare the various division of algae on the basis of following characteristics :
  (a) Major pigments
  (b) Cell wall composition 3
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OR
  What do you understand by heterospory ? How can it be considered as an important step in evolution ? Give two 

examples.
 14. Coelom is used as an important criterion for classification of animals. Give examples and diagrams. 3
 15. Explain briefly with examples and diagrams of each, the type of flowers on the basis of position of ovary with respect 

to other floral whorls. 3
 16. Describe the various types of vascular bundles with labeled diagrams. 3
 17. Draw a neat labelled diagram of alimentary canal of cockroach. 3

OR
  Why is circulatory system of cockroach called open type ? Explain with diagram.
 18. Explain the various events taking place during non-cyclic photophosphorylation.
  Mention the condition when only cyclic photophosphorylation occurs in plant. 3
 19. Answer briefly :
  (a) Why are villi present only in the intestinal space and not in the stomach ?
  (b) How does pepsinogen convert into its active form ?
  (c) Bile does not contain digestive enzyme yet it is necessary for digestion. Why ? 3
 20. What are the major transport mechanisms for CO2 ? Explain. 3
 21. Explain the mechanism of transport of nerve impulse through synapse. Draw diagram. 3

OR
  Illustrate the sliding filament theory of muscle contraction with the help of well labelled diagrams ?
 22. Pancreas performs both endocrine and exocrine functions. Explain. 3
 23. How were gibberellins discovered ? Mention any two physiological roles and any two applications of gibberellins ?
 24. Give a diagrammatic view of cell cycle ? Enlist various events taking place during substages of interphase. 3

OR
  Briefly explain and mention the stages of first meiotic division characterized by following events :
  (a) Synapsis
  (b) Crossing over and chiasma formation
  (c) Breakage of chiasma

Section D
 25. Who gave the fluid mosaic model of plasma membrane ? Explain with the help of a diagram. 5

OR
  (a) Explain briefly the primary, secondary and tertiary structure of protein with special reference to the bond 

involved.
  (b) Differentiate between prosthetic group and co-enzyme.
 26. Explain various complexes involved and the events in electron transport system in mitochondrial membrane. 5

OR
  Certain plants like sugarcane and pineapple have devised mechanism to minimize photorespiratory loss. Explain.
 27. (a) What is the cause of Erythroblastosis fetalis ? Explain with reference to Rh factor.
  (b) Write the steps in coagulation of blood.  5

OR
   What is the role of Henle's loop ? Explain the role of JGA in osmoregulation and regulation of blood pressure.
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SOLUTIONS

Section A
 1. Red dianoflagellates, e.g., Gonyaulax.

OR
  Because only the asexual or vegetative phases of 

these fungi are known.
 2. Coronary artery disease is caused Caused by 

deposits of calcium, fat, cholesterol and fibrous 
tissues, which makes the lumen of arteries narrower.

 3.

 

COOH

—
—

H — C — NH2

H

Glycine

 4.  Water potential (ψw) = Solute potential (ψs)
    + Pressure potential (ψp).

OR
  Phosphoenolpyruvate (PEP).

 5. Ciliated epithelium helps to move particles or 
mucus in a specific direction over the epithelium. 
They are mainly present in the inner surface of 
hollow organs like bronchioles and fallopian tubes.

Section B
 6. In dicot stems, the cells of cambium present 

between primary xylem and primary phloem is 
the intrafascicular cambium. The cells of medullary 
cells, adjoining these intrafascicular cambium 
become meristematic and form the interfascicular 
cambium. Thus, a continuous ring of cambium is 
formed.

  Secondary growth in dicot stem occurs due to 
activity of vascular cambium and phellogen 
(cork cambium) in stelar and extra-stelar regions 
respectively. 

 7. Chromosomes are divided into four types based on the centromere position. These four types are as follows :
  (i) Metacentric, (ii) Sub-metacentric, (iii) Acrocentric, (iv) Telocentric
  The metacentric chromosome has middle centromere forming two equal arms of the chromosome. This gives the 

chromosome a typical 'V' shape that is seen during the anaphase.
  The sub-metacentric chromosome has centromere nearer to one end of the chromosome resulting into one 

shorter arm and one longer arm. They are J-shaped or L-shaped.
  In case of acrocentric chromosome the centromere is situated close to its end forming one extremely short and 

one very long arm.
  The telocentric chromosome has a terminal centromere.

Centromere

Centromere

Short arm

Long arm

Short
arm

Metacentric

Acrocentric Sub-metacentric

Telocentric

OR
  Schleiden and Schwann together formulated the cell theory. Rudolf Virchow (1855) first explained that cells 

divided and new cells are formed from pre-existing cells (Omnis cellula-e cellula). Cell theory as understood today 
is :

 (i) All living organisms are composed of cells & the products of cells.
 (ii) All cells arise from the division of pre-existing cells.
 8. The activity of an enzyme is sensitive to the presence 

of specific chemicals that bind to the enzyme. 
  When the binding of a chemical shuts off enzyme 

activity, the process is called inhibition and the 
chemical is called an inhibitor.

  When the inhibitor closely resembles the substrate 
in its molecular structure and inhibits the activity of 
the enzyme, it is known as competitive inhibitor. 

  Due to its close structural similarity with the 
substrate, the inhibitor competes with the substrate 
for the substrate binding site of the enzyme. 
Consequently, the substrate cannot bind and as a 
result, the enzyme action declines, e.g., inhibition of 
succinic dehydrogenase by malonate which closely 
resembles the substrate succinate in structure.
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 9.  The anaphase of mitosis and anaphase I of meiosis 
can be distinguished by observing the nature of 
chromosomes.

  
  Detailed Explanation :
  At the onset of mitotic anaphase, each chromosome 

arranged at the metaphase plate is split 
simultaneously and the two daughter chromatids 
begin their migration towards the two opposite 
poles. As each chromosome moves away from 
the equatorial plate, the centromere of each 
chromosome is towards the pole and hence at the 
leading edge, with the arms of the chromosome 
trailing behind. 

  In anaphase I of meiosis the homologous 
chromosomes separate and the process of 
separation is called disjunction. The separated 
chromosomes i.e., univalent also known as dyads 
because each of them consists of two chromatids. 
Chromosomes move towards opposite poles. At the 
end two groups of chromosomes are produced with 
each group having half of chromosomes present in 
parent nucleus.

 10.  As various ions from the soil are actively transported 
into the vascular tissues of the roots, water follows 
(its potential gradient) and increases the pressure 
inside the xylem. This positive pressure is called 
root pressure, and can be responsible for pushing 
up water to small heights in the stem.

  Root pressure can, at best, only provide a modest 
push in the overall process of water transport. 
It does not play a major role in water movement 
up tall trees. The greatest contribution of root 
pressure may be to re-establish the continuous 
chains of water molecules in the xylem which often 
break under the enormous tensions created by 
transpiration. Root pressure does not account for 
the majority of water transport; most plants meet 
their need by transpiratory pull.

OR
  Plasmolysis occurs when water moves out of the 

cell and the cell membrane of a plant cell shrinks 
away from its cell wall. This occurs when the cell 
(or tissue) is placed in a solution that is hypertonic 

to the protoplasm. Water moves out; it is first lost 
from the cytoplasm and then from the vacuole. The 
water when drawn out of the cell through diffusion 
into the extracellular (outside cell) fluid causes the 
protoplast to shrink away from the walls. The cell 
is said to be plasmolysed. The movement of water 
occurred across the membrane moving from an 
area of high water potential (i.e., the cell) to an area 
of lower water potential outside the cell.

  
 11. Two important amides found in the plants are 

asparagine and glutamine.
  They are formed from two amino acids, namely 

aspartic acid and glutamic acid, respectively, by 
addition of another amino group to each. 

  The hydroxyl part of the acid is replaced by another 
NH2– radical. 

  Since amides contain more nitrogen than the 
amino acids, they are transported to other parts 
of the plant via xylem vessels. In addition, along 
with the transpiration stream the nodules of some 
plants (e.g., soyabean) export the fixed nitrogen as 
ureides. These compounds also have a particularly 
high nitrogen to carbon ratio.

 12. Aerobic respiration has four stages : Glycolysis, 
formation of acetyl coenzyme A, the citric acid 
cycle, and the electron transport chain.

  During aerobic respiration a total of 38 ATP are 
formed.

  During glycolysis : 6 through oxidative
     – phosphorylation
    2 through substrate
     – based phosphorylation
  During Krebs cycle : 28 through oxidative
     – phosphorylation
    2 through substrate
     – based phosphorylation.
   Total : 38 ATP
  Moreover, as energy of two ATP is spent in 

transporting pyruvic acid into mitochondria, the 
number of ATP is considered to be 36 in eukaryotic 
organisms.

  In anaerobic respiration, the lack of oxygen makes 
the cells stop the process after the first step, 
glycolysis.

  Since glycolysis produces 2 ATP, anaerobic 
respiration yields 2 ATP for every molecule of 
glucose.
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Section C
 13. The algae are divided into three main classes : 

Chlorophyceae, Phaeophyceae and Rhodophyceae.
 (a) Chlorophyceae :  They are usually grass green due 

to the dominance of pigments chlorophyll a and b.
  Green algae usually have a rigid cell wall made of 

an inner layer of cellulose and an outer layer of 
pectose.

 (b) Phaeophyceae :  They possess chlorophyll a, c, 
carotenoids and xanthophylls.They vary in colour 
from olive green to various shades of brown 
depending upon the amount of the xanthophyll 
pigment, fucoxanthin present in them.

  Cell wall contains cellulose, nonglucan saccharides 
and phycocolloids.

 (c) Rhodophyceae :  They possess chlorophyll a 
and chlorophyll d in some cases, red coloured 
phycoerythrin and blue coloured phycocyanin.

  Cell wall possesses cellulose, pectic compounds 
and phycocolloids. The important phycocolloids 
are agar, carrageenan and funori.

OR
  There are some pteridophytes which produce 

two different types of spores (differing in size, 
structure and function). Such pteridophytes are 
known as heterosporous and the phenomenon is 
known as heterospory. The two types of spores 
are microspores and megaspores. Microspores 
are smaller in size and develop into the male 
gametophyte while the megaspores are large and 
develop into female gametophyte. The megaspores 
and microspores germinate and gives rise to female 
and male gametophytes, respectively. Female 
gametophytes in these plants are retained on 
the parent sporophytes for variable periods This 
retention and germination of the megaspore within 
the megasporangium ensures proper development 
of the zygote. The zygote develops into the future 
sporophyte. The evolution of the seed habit is 
related to the retention of the megaspore. 

  This event is a precursor to the seed habit and 
hence heterospory is considered an important step 
in evolution.

  Genera like Selaginella and Salvinia which produce 
two kinds of spores, macro (large) and micro (small) 
spores, are known as heterosporous.

 14. Coelom is a cavity between the body wall and the 
gut wall lined by mesoderm. It is an important 
feature of classification. Depending on presence/
absence of coelom, animals have been classified into 
three : (i) Coelomate, (ii) Acoelomates, and 
(iii) Pseudocoelomates.

 (i) Animals possessing coelom are called coelomates, 
e.g., annelids, molluscs, arthropods, echinoderms, 
hemichordates and chordates.

Coelom

 (ii) In some animals, the body cavity is not lined by 
mesoderm, instead, the mesoderm is present 
as scattered pouches in between the ectoderm 
and endoderm. Such a body cavity is called 
pseudocoelom and the animals possessing them 
are called pseudocoelomates, e.g., Aschelminthes. 

Pseudocoelom

 (c) The animals in which the body cavity is absent are 
called acoelomates, e.g., Platyhelminthes.

 15. Hypogynous, perigynous, epigynous are the three 
types of floral arrangement based on the position of 
ovary.

 (a) In the hypogynous flower the gynoecium occupies 
the highest position while the other parts are 
situated below it. The ovary in such flowers is said 
to be superior, e.g., mustard, china rose and brinjal. 

 (b) If gynoecium is situated in the centre and other parts 
of the flower are located on the rim of the thalamus 
almost at the same level, it is called perigynous. The 
ovary here is said to be half inferior, e.g., plum, rose, 
peach.
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 (c) In epigynous flowers, the margin of thalamus 
grows upward enclosing the ovary completely 
and getting fused with it, the other parts of flower 
arise above the ovary. Hence, the ovary is said to be 
inferior as in flowers of guava and cucumber, and 
the ray florets of sunflower.
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 16. The xylem and phloem together constitute vascular 
bundles. They are of three types :

 (a) Radial :  When xylem and phloem are arranged on 
different radii alternating with each other.

Radial

Phloem

Xylem

 (b) Conjoint :  When xylem and phloem combine in 
the same bundle and on the same radius it is called 
conjoint.

  When xylem is towards innerside and phloem 
towards outer it is called collateral. It has two types- 
open and closed.

  When cambium is present between xylem and 
phloem it is called open vascular bundle and 
when cambium is absent it is called closed vascular 
bundle.

  When the xylem has cambium and phloem on both 
sides it is called bicollateral.

Conjoint

Closed

Collateral
BicollateralOuter

phloem

Outer
cambium
Xylem

Inner
cambium

Inner
phloem

Phloem
Cambium

Open

Xylem

 (c) Concentric :  When one vascular tissue surrounds 
the other on all sides; cambium is absent i.e., 
vascular bundles are closed. It is of two types :

  Amphicribal or Hadrocentric or Centroxylic—
Xylem surrounded by phloem on all sides.

  Amphivasal or Leptocentric or Centrophloic— 
Phloem surrounded by xylem on all sides.

Phloem Amphicribral

Concentric

Phloem

Xylem

 17. 

caeca

OR

Anterior aorta

  Blood vascular system of cockroach is an open type. 
Blood vessels are poorly developed and open into 
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space (haemocoel). Visceral organs located in the 
haemocoel are bathed in blood (haemolymph).

  The haemolymph is composed of colourless plasma 
and haemocytes. Heart of cockroach consists of 
elongated muscular tube lying along mid dorsal 
line of thorax and abdomen.

  It is differentiated into funnel shaped chambers 
with ostia on either side. Blood from sinuses enter 
heart through ostia and is pumped anteriorly to 
sinuses again.

 18. The photophosphorylation process in which the 
electron expelled by the excited photo-centre does 
not return to it. Non-cyclic photophosphorylation 
is carried out in collaboration of both photosystems 
I and II. Electron released during photolysis of 
water is picked up by photocentre of PS II called 
P680.

  The extruded electron passes through a series of 
electron carriers—phaeophytin, PQ, cytochrome 
b – f complex and plastocyanin. While passing 
over cytochrome complex, the electron loses 
sufficient energy for the synthesis of ATP. The 
electron is handed over to photocentre P700 of PS 
I by plastocyanin. P700 extrudes the electron after 
absorbing light energy. The extruded electron 
passes through special chlorophyll X, Fe-S, 
ferredoxin, to finally reach NADP+. The latter then 
combines with H+ (released during photolysis) 
with the help of NADP-reductase to form NADPH. 
This is called Z scheme due to its characteristic zig-
zag shape based on redox potential of different 
electron carriers.

  Cyclic photophosphorylation occurs when only 
light of wavelengths beyond 680 nm are available 
for excitation.

 19. (a) The innermost layer lining the lumen of the 
alimentary canal is the mucosa. This layer forms 
irregular folds (rugae) in the stomach and small 
finger-like foldings called villi in the small intestine.

  Rugae in stomach helps in increasing the surface 
area to volume ratio of the expanding stomach.

  Villi increase the surface area for more efficient food 
absorption. Within these villi, there are numerous 
blood vessels that absorb the digested products of 
proteins and carbohydrates, carrying them to the 
blood stream. The villi also contain lymph vessels 
for absorbing the products of fat-digestion. 

 (b) The proenzyme pepsinogen, on exposure to 
hydrochloric acid gets converted into the active 
enzyme pepsin, the proteolytic enzyme of the 
stomach.

  Pepsinogen 
HCl →  Pepsin

   (Proenzyme)
 (c) Bile juice has bile salts such as sodium glycocholate 

and sodium tayrocholate which break down large 
fat globules into very small micelles so that the 
pancreatic enzymes can easily act on them. This 
process is known as emulsification of fats. Bile also 
activates lipases (fat digesting enzymes).

 20. The major transport mechanisms for CO2 are 
(a) as dissolved gas (b) as bicarbonate ions (c) as 
carbamino haemoglobin.

 (i) About 7 percent carbon dioxide gets dissolved in 
the blood plasma and is carried in solution form to 
the lungs.

 (ii) The dissolved CO2 in the blood reacts with water 
to form carbonic acid. This reaction is very slow in 
blood plasma, but occurs very rapidly inside RBCs 
because of the enzyme carbonic anhydrase which 
accelerates the rate about 5000 times. Due to this, 
70% of CO2 received by blood enters the RBCs 
where it reacts with water to form carbonic acid 
(H2CO3).

  Almost as rapidly as formed, all carbonic acid of 
RBCs dissociates in hydrogen (H+) and bicarbonate 
ions (H2CO3

–).

  CO2 + H2O Carbonic anhydrase� ⇀���������↽ ����������  H2CO3      H+

   Carbonic acid Hydrogen
     +  HCO3

–

   Bicarbonate ion
 (iii) About 23% CO2 is transported in combination with 

haemoglobin and plasma proteins. CO2 reacts with 
amino radicals of haemoglobin to form carbamino-
haemoglobin. When pCO2 is high and pO2 is low 
as in the tissues, more binding of carbon dioxide 
occurs whereas when the pCO2 is low and pO2 
is high as in the alveoli, dissociation of CO2 from 
carbamino-haemoglobin takes place, i.e., CO2 
which is bound to haemoglobin from the tissues is 
delivered at the alveoli.

 21. A nerve impulse is transmitted from one neuron to 
another through junctions called synapses. 

  A synapse is formed by the membranes of a pre-
synaptic neuron and a post-synaptic neuron, 
which may or may not be separated by a gap called 
synaptic cleft. 

  Chemicals called neurotransmitters are involved in 
the transmission of impulses at these synapses. 

  The axon terminals contain vesicles filled with 
these neurotransmitters. When an impulse (action 
potential) arrives at the axon terminal, it stimulates 
the movement of the synaptic vesicles towards 
the membrane where they fuse with the plasma 
membrane and release their neurotransmitters in 
the synaptic cleft. The released neurotransmitters 
bind to their specific receptors, present on the 
post-synaptic membrane. This binding opens 
ion channels allowing the entry of ions which 
can generate a new potential in the post-synaptic 
neuron.
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OR

H zone
I band

Relaxed

Z line Z line Z line

A band

contracting

Maximally
contracted

Two Sarcomeres

Intermediate

stage

  Mechanism of muscle contraction is best explained by the sliding filament theory which states that contraction of 
a muscle fibre takes place by the sliding of the thin filaments over the thick filaments.

  Utilizing the energy from ATP hydrolysis, the myosin head binds to the exposed active sites on actin to form a 
cross bridge. 

  This pulls the attached actin filaments towards the centre of ‘A’ band i.e., H-zone. 
  The ‘Z’ line attached to these actins are also pulled inwards thereby causing a shortening of the sarcomere, i.e., 

contraction. 
  The H zone becomes smaller and smaller due to the increasing overlap of actin and myosin filaments, and the 

muscle shortens. Thus when the muscle is fully contracted, the H zone is no longer visible.
  During shortening of the muscle, i.e., contraction, the ‘I’ bands get reduced, whereas the ‘A’ bands retain the 

length. The myosin, releasing the ADP and Pi goes back to its relaxed state. A new ATP binds and the cross-bridge 
is broken. The ATP is again hydrolysed by the myosin head and the cycle of cross bridge formation and breakage 
is repeated causing further sliding. 

 22. Pancreas is a composite gland which acts as both 
exocrine and endocrine gland.

  Functioning as an exocrine gland, the pancreas 
produce enzymes to help with the digestion of 
food. The exocrine cells release their enzymes into 
a series of progressively larger tubes (called ducts) 
that eventually join together to form the main 
pancreatic duct. The main pancreatic duct runs 
the length of the pancreas and drains the fluid 
produced by the exocrine cells into the duodenum, 
the first part of the small bowel.

  The endocrine pancreas is composed of small 
islands of cells, called the islets of Langerhans. 
These endocrine cells don’t release their secretions 
into the pancreatic ducts, instead they release 
hormones, such as insulin and glucagon, into the 
blood stream, and these hormones in turn help 
control blood sugar (glucose) levels.

 23.  Gibberellins are another kind of promoter plant 
growth regulators. 

  Gibberellins were discovered by scientists searching 
for the cause of the bakanae (foolish seedling) 

disease of rice that is characterized by extreme stem 
elongation and sterility or reduction in yield of rice

  A young Japanese scientist Kurosawa succeeded 
in obtaining a filtered extract of fungus Gibberella 
fujikuroi which could cause symptoms of the 
Bakanae disease in healthy rice seedlings.

  The active material isolated from the extract was 
termed gibberellin. Gibberellic acid (GA3) was 
one of the first gibberellins to be discovered and 
remains the most intensively studied form.

  Physiological Roles :

  l Ability to cause an increase in length of axis is 
used to increase the length of grapes stalks. 

  l  Gibberellins, cause fruits like apple to elongate 
and improve its shape. 

  l They also delay senescence. 

  Applications :

  l Spraying sugarcane crop with gibberellins 
increases the length of the stem, thus increasing 
the yield by as much as 20 tonnes per acre.
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  l Spraying juvenile conifers with GAs hastens 
the maturity period, thus leading to early seed 
production.

  l Gibberellins also promotes bolting in beet, 
cabbages and many plants with rosette habit.

 24.

  
  The sequence of events by which a cell duplicates 

its genome, synthesizes the other constituents of 
the cell and eventually divides into two daughter 
cells is termed cell cycle. The cell cycle is divided 
into two basic  phases :

  l Interphase
  l M Phase (Mitosis phase)
  The interphase is divided into three further phases  :
  l G1 phase (Gap 1)
  l S phase (Synthesis)
  l G2 phase (Gap 2)

OR
 (a) During the second stage of prophase I called 

zygotene stage chromosomes start pairing together 
and this process of association is called synapsis. 
Such paired chromosomes are called homologous 
chromosomes.

 (b) During pachytene stage bivalent chromosomes now 
clearly appears as tetrads. This stage is characterized 
by the appearance of recombination nodules, the 
sites at which crossing over occurs between non-
sister chromatids of the homologous chromosomes. 
Crossing over is the exchange of genetic material 
between two homologous chromosomes. 

  Diplotene stage shows dissolution of the 
synaptonemal complex and the tendency of the 
recombined homologous chromosomes of the 
bivalents to separate from each other except at the 
sites of crossovers forming X-shaped structures 
called chiasmata.

 (c) The final stage of meiotic prophase I is diakinesis. 
This is marked by terminalization of chiasmata. 
During this phase the chromosomes are fully 
condensed and the meiotic spindle is assembled 
to prepare the homologous chromosomes for 
separation.

Section D
 25.  (a) Fluid mosaic model was proposed by Singer and 

 Nicoloson. According to this, the quasi-fluid 
 nature of lipid enables lateral movement of 
 proteins within the overall bilayer. This ability 
 to move within the membrane is measured as its 
 fluidity.

  (b) According to this model, there is a central 
 bilipid layer of phospholipids with their 
 polarhead group towards the outside and the 
 non-polar tails pointing inwards.

  (c) Some proteins which are embedded in the ;ipid 
 layer are called integral or intrinsic proteins and 
 they cannot be separated from the membrane.

  (d) There are large globular integral proteins which 
 project beyond the lipid layer on both the sides 
 are believed to have channels through which 
 water-soluble materials can pass across.

  (e) Superficially attached proteins are called 
 extrinsic or peripheral proteins and can be easily 
 removed.

  (f) Some membrane lipids and integral proteins 
 remains bound to oligosaccharids which project 
 into the extracellular fluid and influence the 
 manner in which cells interact with one another.

OR
  (a) Proteins are heteropolymers containing strings 

 of amino acids.

  
Cholesterol

Protein
Sugar

Liquid Bilyaer

  A protein can have upto four levels of organization. 
(i) Primary structure, (ii) Secondary structure, 
(iii) Tertiary structure, (iv) Quaternary structure.

  (i) The linear sequence of amino acids in a 
polypeptide chain is the primary structure of the 
protein. It describes number of polypeptides, 
number and sequence of amino acids in 
polypeptide. The left end is represented by the 
first amino acid and the right end represented 
by the last amino acid. The first amino acid is 
also called as N-terminal amino acid. The last 
amino acid is called the C-terminal amino acid.

  (ii) Development of stearic relationship between 
amino acids of linear polypeptide sequence 
results in 3 dimensional secondary structures 
by folding or coiling. The linkage or bonds 
involved in secondary structure formation are 
hydrogen bonds and disulfide bonds.
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   There are three types of secondary structures 
viz., α-helix, β-pleated and collagen helix.

  (iii) In this complex secondary structures takes a 
three dimensional shape in which there is 
folding, looping and binding of chains including 
all its secondary features e.g., helix, sheets etc. 
This is carried out in such a way that active sites 
(polar groups) of proteins are exposed to the 
surface while most non polar groups are brought 
to the interior of the protein. Final shape may be 
an ellipsoid, a globe or any irregular shape and 
it is determined by intermolecular forces and 
bonds in the polypeptide chains. These forces 
are hydrogen bonds, electrostatic bonds, ionic 
bonds, covalent bonds and hydrophobic bonds.

 (b) Prosthetic groups are organic compounds and are 
distinguished from other cofactors in that they 
are tightly bound to the apoenzyme. For example, 
in peroxidase and catalase, which catalyze the 
breakdown of hydrogen peroxide to water and 
oxygen, haem is the prosthetic group and it is a part 
of the active site of the enzyme.

  Co-enzymes are also organic compounds but 
their association with the apoenzyme is only 
transient, usually occurring during the course of 
catalysis. Furthermore, co-enzymes serve as co-
factors in a number of different enzyme catalyzed 
reactions. The essential chemical components of 
many coenzymes are vitamins, e.g., coenzyme 
nicotinamide adenine dinucleotide (NAD) and 
NADP contain the vitamin niacin.

 26. The metabolic pathway through which the electron passes from one carrier to another,is called the electron 
transport system (ETS).

  Four enzymes are involved in electron transport 
chain (a) NADH-Q reductase or NADH- 
dehydrogenase, (b) Succinate-Q-reductase 
complex, (c) QH2-cytochrome c reductase complex, 
(d) Cytochrome c oxidase complex.

 (a) NADH-Q reductase has two prosthetic groups-
flavin mononucleotide (FMN) and iron sulphur (Fe-
S) complexes. Electrons donated by NADH enter 
the chain at complex I (NADH-Q-oxidoreductase) 
and pass through a FMN to a series of iron-sulphur-
proteins (FeS) and then to ubiquinone (Q).

 (b) Electrons donated by succinate enter the chain 
at complex II (succinate-Q-reductase) and pass 
through a flavoprotein (FAD) and FeS centres and 
then to ubiquinone (Q).

 (c) Ubiquinone (Q) serves as a mobile carrier of 
electrons received from complexes I and II and 
passes them to complex III (Q-cytochrome c 
oxidoreductase).

 (d) QH2-cytochrome c oxidoreductase (complex III) has 
three components-cytochrome b, FeS complex and 
cytochrome c1. Cytochrome c1 passes the electrons 
to cytochrome c.

 (e) Complex IV refers to cytochrome e oxidase complex 
containing cytochromes a and a3, and two copper 
centres. This complex transfers the electrons to 
molecular oxygen, reducing it to H2O.

  When the electrons pass from one carrier to another 
via complex I to IV in the electron transport chain, 
they are coupled to ATP synthase (complex V) for 
the production of ATP from ADP and inorganic 
phosphate. The number of ATP molecules 

synthesized depends on the nature of the electron 
donor.

  Oxidation of one molecule of NADH gives rise to 
3 molecules of ATP, while that of one molecule of 
FADH2 produces 2 molecules of ATP. 

OR
  Sugarcane is a C4 plant. In C4 plants, 

photorespiration does not occur. They possess a 
special leaf anatomy called Kranz anatomy. Here, 
the mesophyll is undifferentiated and its cells 
occur in concentric layers around vascular bundles 
having large bundle sheath cells. 

  Mesophyll cells are specialized to perform light 
reaction, evolve CO2 and produce assimilatory 
power.

  The bundle sheath cells are characterized by 
having a large number of chloroplasts, thick 
walls impervious to gaseous exchange and no 
intercellular spaces. CO2 fixation occurs in bundle 
sheath cells. 

  Since, the O2 evolved in mesophyll cells cannot 
escape to bundle sheath cells, RuBisCO which 
is present only in bundle sheath cells does not 
come in contact of O2 and oxygenation of RuBP is 
completely avoided. To further reduce occurrence 
of photorespiration they have a CO2 increasing 
mechanism that increases the concentration of CO2 
in the vicinity of RuBisCO in the bundle sheath cells. 
In turn, this ensures that the RuBisCO functions as 
a carboxylase minimising the oxygenase activity.

  Pineapple plants utilize Crassulacean Acid 
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Metabolism (CAM) pathway to minimize 
photorespiration and save water by separating 
these steps in time, between night and day. At 
night, CAM plants open their stomata, allowing 
CO2 to diffuse into the leaves. This is fixed into 
oxaloacetate by PEP carboxylase then converted to 
malate or another type of organic acid.

  These organic acids temporarily keep CO2 in bound 
form. During the day when the stomata are closed, 
the CO2 is released from these organic acids and 
photosynthesized through the Calvin cycle. This 
controlled release maintains a high concentration 
of CO2 around RuBisCO thus minimizing its 
oxygenase activity.

 27. (a) The Rh antigen is observed on the surface of 
RBCs of majority (nearly 80 percent) of humans. 
Such individuals are called Rh positive (Rh+ve) 
and those in whom this antigen is absent are called 
Rh negative (Rh-ve).

  An Rh-ve person, if exposed to Rh+ve blood, will 
form specific antibodies against the Rh antigens. 

  Rh incompatibility is observed between the Rh-
ve blood of a pregnant mother with Rh+ve 
blood of the foetus. Rh antigens of the foetus do 
not get exposed to the Rh-ve blood of the mother 
in the first pregnancy as the two bloods are well 
separated by the placenta. However, during the 
delivery of the first child, there is a possibility of 
exposure of the maternal blood to small amounts 
of the Rh+ve blood from the foetus. In such cases, 
the mother starts preparing antibodies against Rh 
in her blood. In case of her subsequent pregnancies, 
the Rh antibodies from the mother (Rh-ve) can leak 
into the blood of the foetus (Rh+ve) and destroy 
the foetal RBCs. This could be fatal to the foetus 
or could cause severe anaemia and jaundice to 
the baby. This condition is called erythroblastosis 
foetalis. This can be avoided by administering anti-
Rh antibodies to the mother immediately after the 
delivery of the first child.

 (b) Blood exhibits coagulation or clotting in response to 
an injury or trauma. This is a mechanism to prevent 
excessive loss of blood from the body.

  (i) At the site of an injury, the blood platelets 
disintegrate and release a phospholipid, called 

platelet factor -3 (platelet thromboplastin). 
Injured tissues also release a lipoprotein factor 
called thromboplastin.

   These two factors with calcium ions and certain 
proteins of blood plasma combine to form an 
enzyme called prothrombinase.

  (ii) Prothrombinase catalyzes the breakdown 
of prothrombin into active protein called 
thrombin.

  (iii) Thrombin converts soluble fibrinogen into 
insoluble fibrin.

   The thin, long, and solid fibres of fibrin form a 
dense network upon the wound and trap blood 
corpuscles to form a clot.

   The clot seals the wound and stops bleeding. 
OR

  Role of Henle's Loop : 
  This region plays a significant role in the maintenance 

of high osmolarity of medullary interstitial fluid. 
The descending limb of loop of Henle is permeable 
to water  but almost impermeable to electrolytes. 
Thus sodium and other solutes are not reabsorbed 
here. This concentrates the filtrate as it moves 
down thus the filtrate here becomes hypertonic to 
blood plasma. The ascending limb is impermeable 
to water but permeable to K+, Cl– and Na+ and 
partially permeable to urea. Therefore, as the 
concentrated filtrate passes upward, it becomes 
hypotonic to blood plasma.

  Role of JGA :
  The Juxtaglomerular apparatus (JGA) plays a 

complex regulatory role. It operates a multihormonal 
Renin-Angiotensin-Aldosterone System (RAAS). 
Juxtaglomerular cells secrete renin into the blood 
stream. A fall in glomerular blood flow/glomerular 
blood pressure/GFR can activate the JG cells to 
release renin which converts angiotensinogen in 
blood to angiotensin I and further to angiotensin II. 

  Angiotensin II, being a powerful vasoconstrictor, 
increases the glomerular blood pressure and 
thereby GFR. Angiotensin II also activates the 
adrenal cortex to release aldosterone. Aldosterone 
causes reabsorption of Na+ and water from the 
distal parts of the tubule. This also leads to an 
increase in blood pressure and GFR. 
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