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Characteristics of Viruses :
Classification of Viruses
Structure of Viruses
Bacteriophages

Viral Diseases
HIV and AIDS

DISCOVERY OF VIRUSES
The word virus 15 derived from a Latin word =
‘vemom” meaning “peison . In past, the

term virus was associated with How Viruses Originate
Regressive hypothesis: Viruses evolved
from free-living cells, or from

intracellular prokaryotic parasites.

infectious diseases which have
unknown cause.

. The first evidence about the existence §| Progressive  hypothesis:  Viruses
of virus came when C. Chamberland, originated from RNA and DNA

molecules, or self-replicating entihies

who worked with L. Pasteur, found il , -
similar to transposons or other mobile

that the causative agents of rabics genetic elements, that escaped from a

could pass through the porcelain filter §| host cell with the ability to enter
‘ e . another cell.

(pore size of 100-1000 nm). other cell

Virus first hypothesis: Suggests that
viruses may have been the first self-
replicating entities before the first
cells.

. Now a days, viruses can be defined as

‘non-cellular  infectious  entities’
which contain either RNA or DNA,

normally encased in proteinaceous coat,

and reproduce only in living cells.

. The contribution of various scientists in the field of virelogy is listed in the following
table.

Name of Scientist Contribution

| E. Jenner 1796 Developed 1* vaccine against small pox.
C. Chamberland 1884 Filterable nature of rabies viruses.
D. Ivanowski 1892 Filterable nature of TMV.
W. M. Stanley 1935 | Isolation, purification and crystallization of TMV.
Twort and D'Herelle | 1915, 1917 | Discovered bacteriophages.

KETS - PREP BOOK 1
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. 'Which of the following do not have fossils record?

(ames o )
h in understanding viruses.

of viruses was a major breakthrough in u ,
A. Purification B. C’lmmﬂ:nznlwﬂ
C. Crystallization D. Isolation

CHARACTERISTICS OF VIRUSES |
Viruses are extremely small infectious agents which can only be seen under an eleg
They ca;ll:;t be grown on artificial culture media. They can reproduce only in living

her - : replication. _
where they reproduce by replica of available antibiote) il

All viruses are generally resistant to the broad range

penicillin, streptomycin and others. ., i
They range in size from 250nm of poxviruses 10 the 20nm of parvoviruses.
They are 10 to 1000 times smaller than most of the bacteria, so they can pass thyg

the pores of filter from which ba;l-::ria cannot pass.

B. Bactena

A. Plants
D. Viruses

C. Animals

Viruses show charactenstics of both living and non-living things.

The living characteristics of viruses are:

Viruses occur in different varieties or strains.

They have their own genetic material in the form of either DNA or RNA that cany nde
mutation.

They reproduce by using the metabolic machinery of the host cell.

They enter the cells of living organism and cause disease i.e., Obligate intracell

parasites, : :
They get destroyed by the UV-rays. (/ - "i CRITICAL CONCEPT!
'I:he non-living  characteristics of Viroids: ‘ _ |

:}";II'USES are:. | ~ Viroid is an infectious particle smallef
: ey lack cellular structure, co-enzyme | than any of the known viruses. Particlé
and enzyme synthesis system and do mot | consists only of an extremely small
have metabolic activities of their own. J| circular ssRNA, lacking the proteid
nw)'“" be crystallized and stored, - coat. Viroids appga[ to be transmille
They do not respire, and behave as inert mechanically from one cell to anothe

E:fﬁam particle outside the host. through cellular debris.
TORS are infectious particles made : 7

only of proteins and - — ot : 7
cow. H calse mysterious brain infection in man and mad cow infeet
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What are prions?
A. Misfolded versions of normal brain protein
B. Tiny molecules of RNA that infect plants
C. Viral DNA that has had to attach itself to the host genome
D. Viruses that invade bacteria W

. Viral classification is either based
upon hest orgarisms, morphology,
genome fype, and mode of action
in the host. In some cases, the |
mode of replication is also
important in classification. |

. The internationally agreed system
of virus classification is based on
the structure and composition of the viral

Classification of Viruses Based Lpon Host

... iiBi..._ - Description 2
| It attacks bacteria. It contains DNA genome (some have RNA
genome) with a polyhedral/hexagonal head and a tail.

More than 2000 types of viral plant diseases are known. Most

Plaits Pl viuses plant vir_uscs have an RNA genome. |

' Many viruses have rod shaped capsid like TMV, potato yellow
dwarf virus.

Animal viruses occur as parasites in animals. In many viral

infections viruses attack and destroy certain cells in the human

body causing the symptoms and diseases.

Viruses cause foot and mouth disease in livestock.

Rous sarcoma Virus causes cancer in animals.

Poxvirus causes small pox.

Picornavirus causes polio, hepatitis A efc.

o Paramyxovirus causes measles and mumps.

Ability of Viruses to Infect Life Forms:
Viruses infecting cells from the three domains
of life, archaca, bacteria and cukarya, share
homologous features, suggesting that viruses
| originated very early in the evolution of life.

Host Virus

Bacteria | Bacteriophages

Animals | Animal viruses |

Classification of Viruses Based Upon Structure

On The Basis of Capsid

(i)

| Helical | . e _
; Tobacco m 2
mz::dm' 5demvimses .
‘_E"'"“Fd | z;lnm ?\'inz‘m outer envelope studded with glycoprotein spikes €.g. |
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STRUCTURE OF VIRUSES
cl:,mnimandmﬁ:mmm"

parts i.e., core and coat. e

. Vumhmrevuyslmplemme-ﬂmmpl
as virion. Primanly, it can be divided into two

| Central Core wars . o 4
. Themm:si:murpanofvi:imuhichmislsnfwzlgmmmm mm( )
. Genome is the genetic material, which is either DNA or RNA and may be single strande,
or double stranded. , : :
- Core proteins include ong OF MO el CRITICAL CONCEPT! |

enzymes that facilitate the virus &~ : - — \

i its mode of action with host [/ RNA viruses contain only RNA as their |

| genen'c material. To replicate their genomes

body. For example, retroviruses | :
and hepatitis ‘B” virus contain in the host cell, the RNA viruses muslenqnde
newerse  franscriptase  which [] | their OWn enzymes that can replicate Rb
s ) y | into RNA or, in the retroviruses, into DN&. |
converts single stranded RNA | = r e TLETN :
doublo stranded []  These RNA' polymerase enzymes SCEUES.
genome  inio likely to make copying errors than DNA
Lt “ | polymerases, and therefore often make
e Cast p i mistakes during transcription. For this reason,
*  Thecoatis the outer covering of | pyarions in RNA  viruses occur more
viral particle which consists of §|  frequently than in DNA viruses. This causes
capsid and envelope. Il them to change and adapt more rapidly to '

. The capsid is the protective coat §,  their host.
of proteins surrounding the
central core. It is composed
identical repeating subunits known as capsemeres.
The number of capsomeres is specific to a particular kind of virus. For example
capsomeres are present in capsid of herpes virus and 252 in the capsid of ademv‘lnﬂ,
There are two forms of symmetry in viral capsid. When the CAPSOMEres are Amanges
20 triangles, it is called icosahedral (polyhedral or spherical). When the capsom
', armanged in a hollow coil that appears rod shaped, it is called helical.

*  Afew viruses have an additional lipoprotein envelope around the capsid which is ¢
: from the cell surface membrane of the host and also contain virally encoded |
Nm:loped viruses are known as naked virus.

’ -
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" 4, Which of the following statemen ,
A. All viruses are encased in a viral membrane
B. The capsomere is made up of small protein subunit called capsids
C. DNA is the genetic material in all viruses 4
D. Glycoproteins help the viral attachment to host cell '

BACTERIOPHAGES
The word ‘bacteriophage’ literally means ‘eater of bacteria’ 50, a bacteriophage is a type
of virus that infects bactena.

structure of Bacteriophages

. It is generally a fadpole shaped, with a head, neck and a tail.

The inner core of head consists of DNA genome (some have RNA genome). Below the

head is narrow neck or collar which separates head and tail.

Tail is a hollow tube made up of proteins through which nucleic acid passes dunng

- faction. The tail is surrounded by contractile sheath, which contracts during infection

of the bactenum.

. At the end of the tail, a base plate is present which possesses about six tail fibres and tail
pins/spikes at its lower surface and are involved in the binding of the phages to the
bacterial cell receptors.

. At the bottom of core tube of tail, lysogyme 1s pres
contracts. This enzyme hydrolyzes portion of host ce
penetrate into the host cell during infection,

ent which is released when tail
Il wall so that core tube can

Capsid Head
Nucleic Acid

Collar
Whiskers
Sheath

Base Plate
Tail Fiber
- Spikes

el T T L e

Life Cycle of Bacteriophage
. So far, the best studied phage virus is that which infect E. coli, and is called T phage (T

for type), and among them T, and T: phages are mainly used in phage studies.

L Bacteriophages show two [ypes of cycles i.e., Iytic cycle and Iysogenic cycle and
comprises two main sieps i.¢., infection process and replication within the host cells.

v The initial steps in the infection process are quite similar in both cycles, but mode of
replication is much different in Iytic cycle and lysogenic cycle.

KETS - PREP BOOK »
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' (i)

h‘mm 7

|LJ AT

ptmmunndﬂ'

pins/spikes.  Phages attach to specific
receptors in the bacterial cell wall.

During this, week chemical union between | |

virion and receptor site takes place.
Penetration

The binding of the phage to the bacterium !

results in the contraction of the sheath

and release of lysogyme that digest the |

portion of bacterial cell wall.

Thgmpumedmdbyﬂnuﬂﬁm-ﬂuﬂ -'

[ Many viruses use some

| and the common steps of

TR\ IHU

of glycoprotein to attach to lhur
cells via molecules on the .uu

called viral  receptors. For these
viruses, attachment is required for
penetration; after this virus complete |
its replication inside the cell.

As a result, the hollow core tube is pushed through the bacterial cell wall and cej]

Injection

Third step is injection of viral DNA in bactenial cell. The protein coat, which forms th
phage head and tail of virus remains outside the cell.

Two types of cycles are usually seen i.e., Iytic and lysogenic cycle.
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takes control of the host's biosynthetic machinery.

@ Viral DNA

(i) ]lmﬂ"ﬂ'ﬂlhehﬂﬂtﬂ“[ﬂi}'ﬂlhﬁlﬂﬂﬂ#ﬁ“[j’ﬂﬂ]mmmﬂik_ )

 start multiplying.

(i) About 25 minutes after initial infection, approximately 200 new bacteriop} -
formed.

(iv) Bacterial cell bursts.

(v)  Newly formed phages are released to infect the bacteria and another cycle begins.

Lysogenic Cycle

(i  Viral DNA, instead of taking over the control of host's machinery, becomes i ‘
into the bacterial chromosome. Phage in this dormant state is called prophage and this
process is called lysogeny.

(i)  Bactenum continues to live and reproduce normally. Viral DNA being the part of

bactenal chromosome passes to each daughter cell in all successive generations.

(i) Sometimes viral DNA gets detached from the host's chromosome and Iytic cycle starts.
This process is called induction.

(iv)  Induction involves either a spomtaneous or environmentally induced (desiccation,
exposure to UV or ionizing radiations, or exposure to mutagenic chemical eic.)
excision of the prophage from bacterial chromosomes. This results in the initiation of a

typical lytic cycle, which ends in the lysis of the bacteria.

el
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PMC Topic-1

— | wSiNe
Featlure Lytic Cytle

Cnic Lo vk

ogenic or temperate ph
Virus Lytic or virulent phage - Gl:ﬁt elation
Relationship Master-Slave Non-infectious
| Effects Infectious cycle e il
Viral DNA | Takes Control R_Ermuiﬂ “ntact
Bacterial DNA | Destroyed 3
¢ VIRAL DISEASES , iral di i
- , common V 15CASes, the
There are many diseases which arc caused By o Sun::ld treatment/immunization o
causative agent, mode/source of transmission, symptoms, -
summarized in the following table. o
. - Source of Symptoms | Prevention
Discase Virus Transmission .
Oral secretions Blisters/ ?ascula?r _
or physical lesions in epithelial |
erpes ntact with layers of . s
Sl-il 7 lex S c:}l'ﬁ or by ectodermal tissue. A::];?m !
iﬂmlmtirpﬁ] Egreloped vars) objects Most commonly in B | —
) {Toothbrush, mouth, lips, and :
utensils) skin sites. _
P o | Fever, runny nose, F
Measles aﬂ{;};i s Coughing & cough, red eyes, ﬁtlﬂﬂ'imlﬂunity,
' exveloned viras) Sneezing red flat rashes on Vaccination ]
L ) . skin |
! Paramyxovirus : Fever, muscle pain, | ;
Mumps (RNA Euughipg & | headache, painful Auto-immunity, | =
enveloped virus) | “Toong swelling of parotid Vaccination |
glands
Polio virus/ |
Enterovirus
(RNA non- D
Poliomyelitis | “2Veloped virus, L
in spherical Oro-fecal route | ™€Urons of spinal Vaccination /
capsid) cord & leading to |  Physiotherapy
Smallest known Paralysis of limbs :
virus
Hepatitis A
(Infectio HAV (RNA Acute infectj
hcpahtu} virus) ecal route EvFT. loss of Vaccination/God
?:P]I:ﬁ“hte, Nausea, hygiene
Miting, jaundice)
k ml.- n m
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- | (ocassionally fever,
}lqnnhs G HCV (RNA mrm;! blood m‘m__
(Infusion | . veloped virus) o bibod abdominal pain, :
hepatitis) products yellow skin) with i
cirrhosis & liver | Screening of blood |
e 2l Same as hepatitis B
tisD Viroid . SeT R
Hepatitis iroi Blood or serum b Same as hepatitis B
HEV (RNA | Acute infection H"I . : ﬂ"l |
Hepatitis E | non-enveloped | Oro-fecal route (Nausea, vomiting, | = T
Virus) diarrhea, jaundice) s
Vaccination not
available. Use of
(HIV) RNA Contaminated Opportunistic ART to control the
AIDS ’ : o e blood, Sexual | infections, Swollen | virus to increase
| enveloped virus . ] lymph nod Ihl:hfg . I :

5. Naturally eccurring endonucleases are very :ll'utlve against:

A. Protozoans B. Viruses
C. Bactena D. Bacteriophages
6. mhnfmmmhnﬂummnmmm
D.Hmmcm
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HIN AND ALDS

are associated with tumor proJe-tion in animals like
' ~Garricai concen )

cats. R
. Human immunodeficiency virus which EAE: -
causes Ao I:IIIIII-’fd- immunode ﬂCIﬂH:_‘( Retroviruses are h aving two RH&

| molecules, which may be positive seng,

syndrome (AIDS) is an example of
RNA and/or negative sense RNA,

' retrovirus.
. May be non- specific in their action but S

usually infect those cells containing

Structure of Human Immunodeficiency Virus )

- They are spherical in shape and 100nm in dlamctcr_, | _

- The outer covering is a lipoprotein envelope which consists of two layers of .ﬁ%
different proteins are embedded in the viral envelope, forming “spikes’. These Spike,

consist of the outer gpl20 and inmer transmembrane s
gp41. The gp120 is needed to attach to the host #=5 mﬁ“ CONCEPT!
cell, and gp4l is critical for the cell fusion

| Viruses also having linear as
| well as circular genome.

——y

process.
- Beneath envelope, another protein shell is
present which is made up of matrix proteins.
The HIV capsid is somewhat conical shaped.
The HIV core contains two single strands of RNA molecules and enzymes needed fir

HIV replication, such as reverse transcriptase, integrase and protease.
4

{9120 - Docking ,
Civeor @

¥ 9p41 - Transmombrane
. G oprotein '
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4. Which of the following virus is having linear genome?

A. Bacteriophages B. Retroviruses
C. ParamyXoViruses D. Vibrio cholerae

The reverse transcriptase is used to convert viral RNA genome into viral DNA genome,

N
integrase is used to incorporate viral DNA into host DNA while protease is used to break
large structural proteins into smaller units. These structural proteins ar2 encoded by three
out of the nine HIV genes.

Host Specificity

2 Primary host of HIV are helper T-lymphocytes (CD4 cells).

. In addition, macrophages and certain brain cells may also be affected.

Mode of Transmission
By intimate sexual contact (virus present in body secretions and blood, which gets entry

.
in recipient blood from minor wear and tears, more common in homosexuals).
. Contact with blood and breast feeding.
. Prick of an infected needle or surgical instruments (problem for health care providers).
Acquired Immunodeficiency Syndrome (AIDS)
AIDS first reported in young homosexual males, having one or more complex symptoms
like severe pneumonia, vascular cancer, sudden weight loss, swollen lymph nodes and

immune deficiency or decreased immune functions.

" 8. Which of the following viruses is having maximum rate of replication?

A. Herpes Simples Vinus B. HIV
C. Polio Virus D. Henatitis A Virus

Life Cycle/Infectious Cycle of HIV
Following steps are involved in the life cycle of HIV.

¢ The initial step in the life cycle of HIV is adsorpti
on the surface of Tacell.

by the binding of gp120 envelope protein t0 the CDs receptor

e
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) L__Lli_..,uug!l-gu—-_ o 3

Next is the Muohﬁﬂ mm-dn the cell m
.@uuwwn.mmmumm.ﬁm _
protective coat i.c., uncoating occurs. This leaves the viral ss-RNA in : ,

along with the viral envelope.
"- Reverse transcriptase synthesizes ss-DNA complementary to the viral RNA.
. After reverse transcription, the viral genomic RNA is disintegrated by RNAse, The
c¢DNA is replicated to form ds-DNA. K

The ds-cDNA then integrates into the host cell DNA. Integration 15 mediated

‘integrase’.
The integrated DNA is now called provirus. Viral mRNA is transcribed from the prg
DNA by host specific RNA polymerase. Dunng :
transcription, not only viral mRNAs for | A Wb ————— _
different protein are formed but viral genomic || viral envelope that fuses with the
| g ' plasma membrane. In this w;
RNA is also produced. the virus can exit the host cell
. The viral mRNAs are franslated by the host wnhcut R
ribosomes into several large proteins, which are then cleaved by pmﬂms# to for §

viral proteins.

' The viral components are assembled and mature virions are produced.

‘ Finally, the mature virions are released by budding off from the host cell and enclos
a portion of the host cell membrane around them. In this way, host cell size is decre#
enough that it becomes non-functional.

The complete mechanism of infectious cycle of HIV is shown in the following dis¥
and flow chart.

9. Ml lype of virum exits the Imt cell without bnnﬂng thm ﬂﬂpt.

A. Herpes simplex B. pamm!m
- C. Polio virus H uw

e
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swmlymphghndSMMKmlmgmmﬂmmh nonta 0
include night sweats, persistent cough, flu, persistent diarrhea, loss of 1
1o think clearly, loss of judgment and depression. : R
Full Blown AIDS

:m It is the final stage. In this stage, there is severe weight loss and weakness s doe tﬁ-
persistent diarrhea and usually one of the several opportunistic infections ; ie KW s
sarcoma (cancer or lesion on skin), fungal infection, viral infection, M
disease, respiratory disease, nervous system and eye diseases).

Treatment of AIDS

. Antiretroviral therapy (ART) is done for treatment. It is not a cure but it controls virus so
that HIV positive person can live a longer, healthier life and reduce the risk of
transmitting HIV to others.

.

When ART is accessible and started early in the course of infection, the lifespan of HIV-
positive people is typically very close to that of comparable HIV negative people.

Control Measures Against HIV Transmission

v v

AIDS can be controlled by preventing transfer of body fluid like blood, serum, semen,
etc., from patient to unaffected person. The following behavior of precautionary measure
will prevent AIDS;

Do not use used syringes and needles.

For blood transfusion, blood must be used after proper screening for HIV.

Do not share toothbrushes, blades and towels with anyone. Special cares to be taken at
barber’s shop or hair cutting saloons.

Surgical instruments must be properly sterilized.

Refrain from immoral sexual activities and follow Islamic teachings to pass healthy, neat
and clean life.

HIV positive mother should not feed their babies.

Shaking hands, hugging, coughing or sneezing and swimming in the same pool do not
transmit HIV.

One cannot get AIDS from inanimate objects such as toilets, door knobs, telephones,
office and house hold furniture.

AIDS is not transmitted by mosquitoes and other insects.
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T COURSE CONTEN
Introduction to Bioenergetics and photosynthesis
Role of Light
Role of photosynthetic Pigments
Role of H:0 and CO: | ,
Mechanism of Photosynthesis and F'w?"ind?mcy“sd . Photophosphorylation)
Light Dependent Reactions fN““-"-?;"l'cﬁm
Light Independent Rmﬂlon#m +anism of Anacrobic Respiration)
Cellular Respiration (Types and Mec
Mechanism ﬂfﬁmbic Respll’ﬂllﬂn
Glycolysis
Pyruvic Acid Oxidation
Krebs Cycle .
Respiratory Chain/Electron Transport Chain _ .
Energy Budget Calculation and Regulation of Cellular Respiration
[mm of G3P and Cellular Respiration of Fats and Proteins
INTRODUCTION TO BIOENERGETICS AND PHOTOSYNTHESIS
e Living things cannot grow, reproduce, or exhibit any of the characteristic of life without a
ready supply of energy. All the metabolic reactions involve energy transformations. The
quantitative study of energy relationships and energy conversions in biological systems
15 called bioenergetics.
. All life on planet earth is powered, directly or indirectly by solar energy.
. The chloroplasts of plants capture light energy coming from sun and convert it into
chf:mucal energy that gets stored in sugar and then in other organic molecules.
w'ﬂl the emergence of photosynthesis on earth, O; began to accumulate slowly in the
‘le’h“‘ The presence of free O made possible the evolution of cellular respiration.
~eSpiration releases great deal of energy, and couples some of this energy to the

fmli:m of ATP molecules, which is a kind of chemical link between catabolism and
anabolism. : ;

. Phogos)mﬂlmis can be defined as ‘the
Nmpounds of carbon (CO,) and h

L ]
L
L
L]

process in which energy poor inorganic oxidized
ydrogen (mainly H;O) are reduced to energy t
into chemical » using the light energy that is absorbed and con
Il and some other photosynthetic pigments.
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rom the above overall reaction of photosynthesis, it becomes evi :

. sioxidg! water and light are the reactants while g]um;; and oxygen :&m ﬂ“ carbon

- Water appears on both sides of the equation because water is used as r m
reactions and released as product in other. However, because there is no ﬁ'—" g
we can simplify the summary equation of photosynthesis for purpose of djmm' #Hﬂi

6CO,+ 6H,0 —=2% 4 H,,0,+ 60, '

Relation between Photosynthesis and Respiration

Chemical equation of photosynthesis is almost exactly opposite to the overall e

serobic respiration (CeH1206 + 60— 6CO; + 6H:0 + Energy). ek

Photosynthesis uses the products of respiration and respiration uses the products of

photosynthesis.

. Photosynthesis occurs only during daytime, whereas respiration goes on day and night.

Light Variations and Compensation Point

. During darkness, leaves and other actively metabolizing cells respire and utilize oxygen
and release carbon dioxide.

. At dawn and dusk, when light intensity is low, the rate of photosynthesis and respiration
may for a short time, equal one another. Thus oxygen released from photosynthesis is just
the amount required for cellular respiration. Also the carbon dioxide released by
respiration just equals the quantity required by photosynthesizing cells.

. At this moment there, is no net gas exchange occurs between the leaves and the
atmosphere. This is termed as compensation point.
As the light intensity increases, so does the rate of photosynthesis and hence the requirement
for more carbon dioxide increases which respiration alone cannot supply. Similarly, the

oxygen produced during photosynthesis is more than the need of the respiring cells, so the
result is the net release of oxygen coupled with the uptake of carbon dioxide.
ROLE OF LIGH]

Role of Light and Types of Spectra

. Sunlight is an electromagnetic or radiant form of energy. The full range of
electromagnetic radiation in the universe is called electromagnetic spectrum.

0 Photosynthetic pigments are the substances that absorb part of visible light (380-750nm
wavelengths).

. Light behaves as waves as well as sort of particles called photons.

. The effectiveness of a particular wavelength of light for the process uf'phﬂwﬂ"’ﬂ'“;
primarily depends upon its absorption by the plants. As different wavelengths/colours
visible light are differently absorbed by various photosynthetic pigments.

wavelength has its own effectiveness for the process of photosynthesis. 4
*  Notall the light falling on leaf is absorbed. Only about 1% of the light falling on the
surface is absorbed, the rest is reflected or transmitted.
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PG Toie2

Spectrum of Light for Plants
There are two types of spectra:
1.  Absorption spectrum
AvsorpionSpectrum e wavelenghs of 1N Y CHR
. Sraph showing relative absorption of G1t= ) -  dife
Gmppmynh. m@mm is called absorphion W'?“fﬂnd,-cm that they m‘:ﬂ
e The absorption spectrum of different PIETRG . ot absorbed 3t TR rption in
wavelengths of visible light mdcﬁ?r;phyﬂ ca* and ‘h'.tﬂ?ﬂm regions of the “u*

- jin photoreceptors are chlOrOPIY 0 g0
L ﬁﬂe%ﬂﬂﬂnm to 470nm) and orange= (

s onm to 500nm.
Ly On the other hand, carotenoids sk

ow more absorption 81 4.

i Figure shows the absorption spectrum for chlorophyll and the action spectrum for
photosynthesis. Why are they different?

Wl !

sIJ ' i
Lo
il !';

A. Green and yello length Wursleag of ligk (um)

4, | n h ‘; Wowavel engths ]nhib“ the ahsa t o i
g- g:gm sunlight #Sﬂﬂys photosynthetic pigmm?; 100 of red and blye wavelengths
D. Other pigments absarh fight in rferes w

i ith the absornti el
addition to chlorophyl] ‘g’ absorption of light
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m ¢
Graph showing relative effectiveness of different wavelengths of light in driving
phom}rn_thas.is is called action spectrum of photosynthesis, | m
,  The first action spectrum was obtained by German biologist T.W. En gelmann in 1883,
He worked on Spirogyra. n 1885,
,  Action spectrum can be obtained by illuminating plant with light of different wavelengt
and then estimating relative COz consumption or oxygen release during phot “m" dﬂmﬁi,l

. Analysis of action spectrum indicates that blue (430nm) and red (670nm ) wavelengths of
light are most effective for the process of photosynthesis. |

100 violet-blue

reenyellow | orange-red

e |
u

9% use of absorbed light
i &

‘h - 400 500

wavelength of light {nm)
Comparison of Absorption and Action Spectra
. Action spectrum of photosynthesis corresponds to absorption spectrum of chlorophyll.

The same two peaks and the valley are obtained for absorption of light as well as for CO2
consumption.

700 200

. However, the action spectrum of photosynthesis does not paraliel to the absorption
spectrum of chlorophyll exactly.

. Photosynthesis in the most absorbed range is more than the absorption itself.

. Likewise, photosynthesis in 500-600nm (including green light) is more than the
absorption of green light by chlorophylls. This difference occurs because of the accessory
pigments.

. When equal intensities of light are given, there is more photosynthesis in red than in blue

part of spectrum.

Feature Absorption Spectrum

Peaks | Namower 7

Action Spectrum

“Broader

Valley Broader and deep Marrower and not deep
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. Higher plants have two major groups of pigments i.c.,
Chlorophylis

plants and algae. _ int
Bacteriochloroph ¢ found i evolution that shifted the life from reducing
: thmﬁ}'lllhﬂlﬁ ba:m . B | environment to oxidizing environment.
= They mainly absorb violet-blue and —

*  They are important photosynthetic pigments of plants. "
¥ Thﬁmmmhmhnmsﬂﬂbkﬁmfcml&:-mm

alcokol et : CRITICAL CONCEPT!

L] Chlorophyll “a, *b’, 'c-’ and -ﬂ;" a_fc Evolution ofch|ol'ﬂph]"n1 |
found in eukaryotic photosynthetic § nversion of bacteriochlorophyll to
chlorophyll a is the main basic point in

orange-red wavelengths. Green, yellow and indigo wavelengths are least absorbed by
chlorophylls and transmitted or reflected.

Structure

A chlorophyll molecule has two parts i.e. hydraphilic head and a hydraphobic tail.
Hydrophilic head is flat, square, light absorbing complex porphyrin ring or tetrapyrrole
ring structure containing magnesium as central metal ion, which is coordinated with
nitrogen. The Mg™* porphyrin complex has two side chain.
The head region is exposed on the surface of thylakoid membrane,
The haem portion of hemoglobin is also having a porphyrin ring but containing an iron
atom instead of magnesium atom in the center.
Acid chain is a methyl ester.
g.ang' hydrocarbon tail which is attached to one of the pymrole rings is phytol (CagHis).
b?c m;ﬂ::fphyll molecule is embedded in the hydrophobic core of thylakoid membrane

Chlorophyll ‘a’ and ‘b’

Of all the chlorophylls, chlorophyll ‘a’ is the most abundant
photosynthetic pigment.
It takes part directly in the light dependent reactions.

and the most important

—
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Features
Molecular
Formula

Differences between Chloro

Chlorophyll ‘a’

CssHnOsN:Mg

hyll *a’ and Chlorophyll ‘b’

Chlorophyll *h’
CssHnOsNsMg

Functional
Group

-CH:s

-CHO

Occurrence

All photosynthetic organisms except
photosynthetic bactena

Found alongwith chlorophyll ‘a’ in
all green plants and green algae

Forms

Differ slightly in their red absorbing
peaks e.g. 670,680,690,700 nm

No such different forms

Colour

Blue — green

Yellow- green

Carotenoids-Accessory Pigments

T -
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Carotenoids are terpenoid lipids, which are yellow, orange, red and brown pigments.
They absorb strongly the blue-violet wavelength of light.
Carotenoids and chlorophyll ‘b’ are called accessory pigments, since they absorb light
and transfer the energy to chlorophyll ‘a’, which then initiate the light reaction. It is
generally believed that the order of transfer of energy is:

Carotenoids — Chlorophyll ‘b" — Chlorophyll ‘a’
There are two types of carotenoids; carofenes and xanthophylls. The carotenes are
orange-red pigments composed of isoprenoid units and are found in all photosynthetic
cukaryotes. The most widespread and important carotene is i-carotenes.
Xanthophylls are yellow to orange in colour that are oxygen containing derivatives of
carotenes. Lutein and zeaxanthin (Cso Hss 02) are the two primary xanthophylls found in
green leafy vegetables and other foods like eggs. Yellow colour of leaves in autumn
due to lutein. The xanthophylls of brown algae is called fucoxanthin (Cso Hss Os).




— \ X T | =
,,_” F OF H20 AND CO: IN PH( TOSYN TS B -
Roleof Water thesis comes from water and is aﬂmportmt source
¢ Onygen lesed during ko el LS ot aerobc respiation an th gy
' obtaining energy fto live. ._ e :

Discovery mvol t of Water in Oxygen Production » _ .
i Tlls?l:tll:i’vg hg;mhwﬁmd that plants split water as a source of hydrogen, 1:: Easing

- as a by-product. Neil's hypothesis was based on his investigations gy
:;ﬁ.?ﬂgﬁ; E-Euuﬁg that make carbohydrate from carbon dioxide, but do e
release ox : e i a4 | 1REB Af

- Neil's hy:ost?mis was later confirmed by scientists dunng 1:":}“5 d?:findeﬁ;sr:dme o
biological tracer (0'%) in biological research was made. Carbon di ide g watteiy
containing heavy-oxygen isotopes O'® were prepared in the laboratory. Two groups of |
plants were made.

First Grnup ; , . . 18 . - |

. Experimental green plants of first group were supplied with H20 containing O and with |

CO; containing common oxygen 0'%, '
These plants produced O'%,
Group — 1 plants: COz + 2H:0" — CH:0 + H20 + 0,®

Second Group 1
’ Plants in the second group were supplied with H:0 containing common oxygen 0'® by
with CO; containing O, |

These plants did not produce O'®,
Group 2 Plants: CO'®; + 2H20 — CH:0"® + H,0'" + 0,

These experiments showed that oxygen produced during photosynthesis comes from water,
Me of COz in Photosynthesis '

urce of CO;
Carbon dioxide acts as carbon source for the synthesis of organic compounds in
photosynthesis. Therefore, plants are known as autotrophs because they use inorganic
compounds for the synthesis of their organic compounds. .
Reduction of CO; is done during light-independent reactions of photosynthesis by using
A'I:P and NADH (products of light-dependent reaction). Due to this, sugar is forme
This shows that photosynthesis is not possible in the absence of CO,.
About 10 percent of total photosynthesis is carried out by terrestrial plants, and the re
oceurs in oceans, lakes and ponds.
Aquatic  photosynthetic organisms use dissolyed COq, bicarbonates and solt
carbonates that are present in water as carbon source,
Photosynthesis occurring on land utilizes atmospheric COz. Air contains
percent of CO;. .
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The splitting of carbon dioxide to
during: |

B. Respiration 3
C. Both photosynthesis and respiration
D. Neither photosynthesis nor respiration

. Carbon dioxide enters the leaves through stomata and gets dissolved in the water
absorbed by the cell wall of mesophyll cells. Stomata are found in hrge number in a lﬁﬂ
Their number is proportional to the amount of gas diffusing into the leaf, Suummn
only I-2% of the leaf surface but they allow proportionally much more CO; to diffuse.

Effect of Opening and Closing of Stomata '

. The entry of CO: into the leaves depends upon the opening of stomata.

. Stoma is an opening surrounded by guard cells. Because of peculiar structure and
changes in their shape, they regulate the opening and closing of stomata.

. Stomata are adjustable pores, which are:

1. Open during daytime when CO: is required.

2. Closed at night when photosynthesis stops.

MECHANISM OF PHOTOSYNTHESIS AND PHOTOSYSTEMS

. Photosynthesis is a ‘redox process’.
. Overall equation of photosynthesis is:
] Lighe " LT §
ﬁCD:"‘I EH:GTM}EJ |”Uﬁ+ ﬁl‘.]:+ EHIG
L]

These reactions of photosynthesis consist of two parts i.c. light-dependent reactions and
light-independent reactions.
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1-_H__l lll-- e dent m occurs on thy 'i;
.-| T —III I Em "Mlj’. A e '- - n- ﬂa rid] '|; '-;Cf; |_’1_i_‘; prog
o e L 0 HPJJPH- 5“?-“ : this P ()7 acts as inp .1..,;:;_
thmfmc,darkmutiunsalmuwm'indﬂyﬂﬂ“-m s phase, il **-, ,
- converted into G3P, the outpul of this phase.
Arran  Piements (Photosystems) _
= “:E:: :Fn::m are organized into clusters called photosystems. |
. Photosyn ' nt absorption and utilization of solar energy and

- phmnsyst:ms are ﬁmmt for efficie
located on thylakeid membranes.
Each photosys <ists of two parts: :
x = e ' enna complex which consists accese,

of photosystem is called ant

(i)  The peripheral part :
‘h* and carotenoids,

pigments such as chlorophyll
centre.

(i)  The central part of the
chlorophyll ‘a” along with primary electron accept

electron transport system. Electron transport system plays role
chemiosmosis,

which channelize energy to reagj,

reaction centre and is constituted
or and associated electron camiers g
in generation of ATP ::

photosystem is called as

Primary
eleciron
acceplor

Electron transfer

> Reaction
Reaction- | center

center
chlorophyll |

pigment
molecules

*  There are two photosystems
and ot forthe order i - L1 Th
| e -m:;:.:m ur in the thylakoid me:nbi::: e,
. € In reaction centre wliioh ﬂbs.ﬂrhs :
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| ’m e . : I

st can absorb light of a narrow wavelength, it works with the pigments of

.mﬂhmﬁmﬂalugupmomnm;mmh&f
Wm“mgmaﬂdpmalmg their gained energy to chlorophyll ‘a® of the

! When the €nergy reaches the chlorophyll “a’, its e’l-uctrmg bemm s0 excited that they
escape and move 10 @ nearby electron transport chain. In this way, chlorophyll molecule

is oxidized. ,

' LIGHT DEPENDENT REACTIONS
Such types of reactions, which require light and constitute that phase of photosynthetic
reaction during which light energy is absorbed by chlorophyll and other photosynthetic
pigments and is converted into chemical energy are called light reactions.

As a result of this energy conversion, reducing and assimilating powers in the form of
NADPH: (NADPH + H') and ATF are formed. Both temporanly store energy and carry
along with H” to the hight independent reactions.

The production of ATP during light reaction is called photophosphorylation and the
mechanism is called chemiosmosis. The most important cvent in light reaction is the

production of ATF.

xon-Cyclic Photophosphorylation
' It is predominant pathway of light
reaction in higher plants that occurs in Redox Ruﬂinns in Living Systems:
In ETC, all molecules oxidize and |
reduce in the same manner and |

routine. In this process, both
sequence. This oxidation and reduction |

photosystems are utilized and two
electron transport chains are involved.
produce energy that can be utilized for
| the formation of ATP in chemiosmosis.

' Formation of ATP durning non-cyclic
electron flow is called non-cyclic
ﬂwmi IH -’Im. I -

; Non-cyclic photophosphorylation is also called Z-scheme, due to flow of electrons in Z-
shape.

i Important steps of non-cyclic photophosphorylation are:
(i) «'«hmm of Light by PS-1I and Excitation of its Electrons
*  When photons strike the antenna complex of PS-I1, the two electrons become excited and
1.".‘“ to move along the atoms of different pigments within photosystems.
. Uhmly.ﬂmahsmhdmgymhcsﬂwmﬂimmﬂmﬂfﬁnﬂ(Pm}andcamiﬂ
: s 10 be excited.
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'El) mﬂwhm:fh:::fr photosystem must be filled so that in the presence of waer spliﬁnl
e reoct ed. - it Bl
. ;ﬂ]m wl:eft ::t?:ipﬂ?;idized state of chlorophyll in ph[:;m}?'ﬁn‘;«; Pt ingy
2H*, 2¢, and %0;. The electrons released from water are used o il the electron h'ﬂtsn;
PS-I1
(iii)  Electron Flow from PS-II to PS-1 =L _
The energized electrons, captured by the primary electron acceplor, now begin 1o flowy,
PS-1 through an electron transport chain. .
The electrons move from primary electron acceptor (pheophytin) 1o plasto
& (g). From Pg, the electrons flow through cytechrome complex,
and cyt-f. :
The cytochrome complex is not only an electron carrier but it also works
The electron flow through the cytochrome complex stimul
from stroma to thylakoid interior space. In this way,
transformed into a gradient of protons.
The proton gradient activates an enzyme in thylakoid membrane called ATP synthas
which not only moves the proton back into the stroma but also catalyzes a reaction in
which ADP and Pi are combined to form ATP.
. This whole mechanism which
generation of ATP by thylakoid
The energized electrons, after lo
plastocyanin (Pe) and finally in

; Juinone (1}
which consist of ey,

As proton pump,
ates 1t to pump the Protons
the energy of flowing electrons i

involves the flow of electrons, pumping of protons and
membranes is called chemiosmosis.,

sing their energy, move from cytochrome complex to the
corporated into the PS-I.

L ]

0
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r PMC Topic-2 Bioenergetics

(ivy  Absorption of Light by PS-1 and Excitation of its Electrons

«  When Proin the reaction centre of PS-I molecule absorbs photons of light, electrons are
boosted to a higher energy level. Proo molecule passes these excited electrons to a primary
electron acceptor of PS-1, thus creating ‘electron holes’.

. The electron holes of P are filled by the electrons received from the Pgso (PS-II) via
electron transport chain,

(v)  Electrons flow from PS-I to NADP*

. The primary electron acceptor of PS-1 passes the photo-excited electrons to a second
electron transport chain. These electrons are accepted by iron containing Ferredoxin
(Fd).

. An enzyme called, NADP reductase (a Flavoprotein) transfers the electrons from Fd to
NADP".

. NADP® combines with electrons and H™ to form NADPH.

. e photon excites one electron.

Passage of Electrons

PS II =+ PEA — Pq — Cytochrome Complex — P¢c — PS [ — PEA — Fd — NADP®
End Products of Light Reaction
. NADPH/ NADPH:
. ATP
. Molecular oxygen

axcitpd chiprophydl molecules

S

4 S

potential for reduction of guidized form {vts)

; —
5 antonna assamboly ¥
of thykakod -
E MOmbang {plastocyanin)

PI101| cantre P
Cyclic Photophosphorylation "
i The rise in NADPH and deficit of ATP may stimulate a temporary shift from a non-
cyclic to cyelic electron flow until ATP supply catches up the demand.
In this mechanism, only PS-I is utilized. |
* It absorbs energy from photon. When energy reaches the reaction centre of PS-I, the
electrons are boosted up to higher energy level, Such excited electrons are first captured
by the primary electron acceptor of PS-1, then they move through an electron transport
chain containing ferredoxin, cytochrome be-f complex and plastocyanin.

KETS - PREP BOOK =

Scanned with CamScanner



R o “ lex, ATP molecules are generated b,
1 passed from cynochmmebe-fomnp

3
" y

OSMOSIS. -5 y , return back to P’""? in PS-1 mamnn Celilze,
Ily, the electrons If:? !L,":Eﬁr "mﬂﬂﬂ of photolysis of water and therefor,

‘j-‘ » rel, -as d‘ﬂ!- '

HADP*

HADP*
reductase

| .: |
d i il
Comparison of Cyc ¢ and Non-Cvelic Phosphorvlation

Non-Cyelic Photophosphorylation Cyclic Photophosphorylation
| Electrons are not reused. Electrons are reused.
‘ ___First electron donor is water First electron donor is PS-]
E It involves both PS-1 and PS-11.

It involves only PS-1.
It is long pathway. It is short circuit.
R It is nommal process. It occurs when ATP is less and NADPH is more.
__lt generates bmhATP and NADPH. It generates only ATP.
: H:0 splits. | H>O does not split
glectron acceptor is NADP-

Last electron acceptor is Pogg
Oxygen is not released.

in the conversion of non-cyclic
phnl‘nphnsphury’laliun?

B. Fa_c;l_ rate of Calvin cycle
D. High level of NADPH than ATP

1 3 Which of ll;:|| following factor do not contribuje |
- Photoph irylation to cyclj »
thwﬂ? ucti o
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fixation refers to the initial incorporation of CO: into organic material/ RuBP. It is

generally referred as CO; acceptor because it is capable of combining with CO; with the

help of RuBisCO, which is most abundant protein | : bl;
Rttt proteia on carth. nt protein in chloroplasts and probably the most
Three intermediate molecules of six cirhons are formed during this reaction. These
mu_lecqles are highly unstable and exist o1 such a short time that they cannot be isolated.
E,a_ch Six carbon molecules breaks down (o form two molecules of 3-PGA, a phosphorous
containing compound with three carbon atoms.

C0: + RuBP (Cs) — Cs Intermediate compound — 2 PGA (C3)

Reduction

Regeneration of RuBP

In this phase, six molecules of 3-PGA react with six ATP molecules, a phosphate from
cach :ATE' is transferred to each 3-PGA.

In this way, 3-PGA molecule converted into 1,3-bisphosphoglycerate. These molecules
are then reduced by NADPH and finally glycereldehyde 3-phosphtac (G3P) molecules
are produced.

Total six molecules of G3P are produced in this phase but only one molecule is released
from the cycle while rest of the five molecules is used to regenerate the CO:z acceptor

molecules in the next phase.
PGA + ATP + NADPH: — PGAL + ADP + Pi + NADP* + H:0

In this phase, five molecules of G3P are used to regeneralc three molecules of RuBP.
This conversion requires energy that is provided by ATP from light reactions. For
regeneration of 3 molecules of RuBP. 3 ATP molecules are consumed.

SPGAL + ATP — ADP + Pi + 3 RuBP
lecules of G3P are required. The

However, in order to produce glucose molecule, two mo
overall process of Calvin cycle is represented as: ey
3C0:+ 6MADPH + 9ATP — (CH:0): +9Ppj + 3H:0

= a2

Irﬂ:fl'-.i_"

+ GNADP® + 9ADP

3 rlegeriarn o
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f _
In cyclic pathway using products of
od. How many molecules of J:!TF and
mer having 20 glucose molecules?
0 ATP and 180 N/ POl 360 ATP and 240 NADPH
E?gigﬂ D. 180 ATP and 120 NADPH

u - interior of the thylakoid is
yme a thylakoi chow punctured so that the interior 0
: Tl::g:ﬂ' le'::f; EI:;NML This damage will have the most direct
effect on which of the following processes” ~§
A.-’l'hc:[':ll:l;ing of water B. Absomption of light Ellﬂ'g}'h}' chlorophyll
C. The synthesis of ATP D. The reduction of NADP
' eht .iﬂ:linns

Light Reactions Dark Reactions

' | Grana of chloroplast Stroma of chloroplast
" [RequirementofLight | Ves No
e ['In Calvin cycle, ATP and NADPH:
YN O3, ATP and NADPH; are the . i
3 i i i W | 1
' o are o prepare 3
(G3P)

CELLULAR RESPIRATION !
. Cellular l"ﬁpn'lmm is the universal process by which organisms breakdown complex
compounds, containing carbon in a way that allows the cells to harvest maximum of

| :nergy and is made available to cells in a step by step breakdown of C-cham
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erohic Respiration

| Involvement of Oxygen | Occurs in presence of Oz Occurs in absence of Oz
Reactants Glucose & O Glucose
| Involves complete breakdown | Involves incomplete
Glucose Breakdown _
, of glucose breakdown of glucose
Lactic acid or Ethyl alcohol
End Products C0z, H:0 and energy
& COz
Total: 40 ATP Total: 4 ATP
ATP Formed :
‘ Net: 36 or 38 ATP Net: 2 ATP
Location in E.ulmrj‘nlic Cell | Mitochondna C}"mpl;ﬁm | a

Mechanism of Anaerobic Respiration "

. Anaerobic respiration is incomplete breakdown of glucose in the absence of oxygen. It is
also known as fermentation. There arc two pathways of anaerobic respiration depending
upon the nature of final products.

(i) Alcoholic Fermentation

. Alcoholic fermentation is found im yeast. It conmsists of glycolysis followed by the
decarboxylation of pyruvate to acetaldchyde and then reduction of acetaldehyde by
NADH to ethyl alcohol.

. This pathway operates anacrobically because after NADH transfers its electron to

acetaldehyde, it is ‘free” to return and pick up more electrons during the earlier reactions

of glycolysis.
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- Lactic Acid Fermentation
|l Cori Cycle:

d It consists of glycolysis followed by the | Lactic acid produced in skeletal
reduction of pyruvate by NADH to lactic | muscle is converted to glucose in
acid. I the liver, and transported back to

| skeletal muscle.

= It accurs in anaerobic bacteria and muscle N

cells of humans and other animals during strenuous physical activitics when oxygen

supply is exhausted. The accumulation of lactic acid causes muscle fatigue and muscles

become unable to contract.

2 ADP +2(),

Glucose [ Glycolysis o-
3
¢—o
CH,
2 Pyruvate

_ (anaerobic respiration in

| some bacteria & animal cells)
MECHANISM OF AF ROBIC RESPIR AT
hi T - RUDBIC RESPIRATION
Aerobic respiration is a catabolic process which involve complete oxidative breakdown
of organic molecules into CO;

and H:0 with release of great deal of energy in the form
of ATP molecules. It is completed in four phases:

()  Glycolysis
- (ii) Pyruvic acid oxidation
(iii)  Krebs cycle or citric acid cycle or tricarboxylic acid cycle
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|l Cori Cycle:

d It consists of glycolysis followed by the | Lactic acid produced in skeletal
reduction of pyruvate by NADH to lactic | muscle is converted to glucose in
acid. I the liver, and transported back to

| skeletal muscle.

= It accurs in anaerobic bacteria and muscle N

cells of humans and other animals during strenuous physical activitics when oxygen

supply is exhausted. The accumulation of lactic acid causes muscle fatigue and muscles

become unable to contract.

2 ADP +2(),

Glucose [ Glycolysis o-
3
¢—o
CH,
2 Pyruvate

_ (anaerobic respiration in

| some bacteria & animal cells)
MECHANISM OF AF ROBIC RESPIR AT
hi T - RUDBIC RESPIRATION
Aerobic respiration is a catabolic process which involve complete oxidative breakdown
of organic molecules into CO;

and H:0 with release of great deal of energy in the form
of ATP molecules. It is completed in four phases:

()  Glycolysis
- (ii) Pyruvic acid oxidation
(iii)  Krebs cycle or citric acid cycle or tricarboxylic acid cycle
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GLY( HI YSIS
,, “ .olysis is the breakdown of glucose or similar hexose into two molecules ul‘pymrﬁ
ﬂlmﬂsh a series of enzymatic reactions releasing some molecules of ATP and
ADH.

ﬁ mcuﬁ in cytoplasm.
It takes place in the absence (Anaerobic) or in the presence of O (Aerobic).

Enzymes. ATP, and Coenzyme NAD" are essential for glycolysis.

!

o Thercare two phases of glycolysis i.c. preparatory phase and oxidative phase.
» phase is an investment phase in which two ATP molecules are consumed.
Its end pmdums are two molecules of G3P, and one molecule of DHAP which will also
: isomerizes to form G3P.
s« Oxidative or pay off phase is characterized by the ATP production through substrate
level phosphorylation. It also produces NADH which upon further oxidation in

. respiratory clectron transport chain yields more ATP molecules.

CRITICAL THINKING™ =t

6. Which of the following conversions shows the activity of Kinase?
A_ Phosphoenol pyruvate 1o Pyruvate
B. 1, 3-Bisphosphoglycerate to 3- Phosphoglycerate
C. Fructose 6-phosphate to Fructose 1, 6 bisphosphate
D. a-Ketoglutarate to Succinate

7. A summary of glycolytic reactions is give
reaction is taking place.

n. Mention a point where redox

Gluaou

2 ATP
A 3aDp=

Frustose- 1, 6-bisphosphate
B

F MJW

c. m—k = 7 MADH
L 3-Bisphowphoglyerate

il 2 ADP
g D. 3 aTP

_ T
oy -“WCG-A conversion occurs in:
' B. Stroma
D. Nucleoplasm

of sU‘nbd-h:.A

| J'J.r; hi.ﬁ,'l?

Scanned with CamScanner



MEDAIDPK.COM

Your Ultimate Partner for MDCAT, NUMS &
MBBS Professional Exams

want Explanation With Each Question???

scan to visit

Click Here To Solve For Free On Qur
Webste : MedAidPK.com

What You Will Get?
Explanation For Each and Every MCQ

Real Time Exam Experiance
More Than 15,000 MCQs

Results : Test Yourself and Get
Instant Result

Review Your Mistakes
Bonus Talks:

« NUMS/FMDC/MDCAT Past 2
Papers (Solved with . —
Explanat|on5) 2012-2025 i Home MDCAT Aggregate Calculator  All Boards Textbooks Courses MDCAT Past Papers

L All MEBS Texthooks Meet The Team About Us  Contact Us

«eCMCM B BS Past Pa pers With MedAid: Empoweryour mnredicaijourrney with excellence.
Explanations B e e i s e ettt e T v

,f MBBS students.

 Chapter-Wise & System-Wlse
Study Material

* OVER 200 Medical Books

» MedAid Free MDCAT Weekly
Test Series

(of B [ of 4 HERE MEDAIDPK. COM


https://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/
http://medaidpk.com/

B

Glyceraldehyde 3-phosphate (2) @—o—m,-r—c :
i?h il \H
2NAD"

phampleytusion .k @ e .
1.3 Bisphosphoglycerate (2) ®=n_n¢...1:.sc:
T

E=olg a

3-Phasphoglycerate (2) @.o_a,‘_i:_c-:b

| Payoff phase

Oxidalive converslon of

glyceraldehyde 3-phosphate to
pyruvale and the coupled
formation of ATP and NADH

(&) Glyceraldehyde
3-phosphate
dehydrogenase

@ Beape
oo
gren

@ Phospho-
klycerate
mulase

(® Enolase
@mh

Scanned with CamScanner



PYRUVIC
yruvate is charged
it must enter the

Because P
' molecule. .

mitttﬂhmrdrmn via  active
with the help of

Relationship biw Pyruvic Acid and Lactic
Acid:

ransport Pyruvic acid is less dangerous than the Lactic
ransport protein  called acid but it is converted into lactic acid during

 ate translocase. anaerobic  conditions. This  lactic  acid
AP fermentation gives NAD' that works in the

glvcolysis to maintain minimum supply of

On entering the mitochondna,
energy in anacrobic condition 1.¢., 2 ATPs.

pyruvate molecules do  not

directly participate in  Krebs e
cycle but they undergo an intermediate phase, called exidation of pyruvate o link

reaction.

The events of link reaction are shown in the following diagram.

CYTOSOL &7 MITOCHONDRION

i '

NADH

-

b
Transport protein

CRITICAL THINKING Y S

F— — — —_— ;
9. Which of the following enzyme is absent in case of MODY and cause high glucose

level in blood?
A. Glucokinase
C. Pyruvate kinase

B. thph“fmﬂtﬂkinasg
D. Enterokinase

e — ————————— T ——
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KREBS CYCLI 7
15 cyclic metabolic pathway was discovered by Brit o

Mfmitisdmmlledrﬁrk:dityﬂtﬂwﬂfi fad -
first compound which is formed in the cycle is citrate/cilnc acid contains thre
carboxylic groups. The Krebs cycle comprises following SIEps.
Shthuls i . wo E x -
Acetyl CoA and H:0 molecule combine with oxaloacetate (o form citrate/citric acid. It i

L]
the first product of Krebs cycle. CoA is liberated.
r N Dehydration
i T lecule. The result
- Citrate undergoes re-organization by the removal of H20 molecu Iting
compound is cis-aconifate.
3 Hydration _ -y \
e  (Cis-aconitate is converted into isocitrate with the addition of H20.
4. Oxidative Decarboxylation : . -
. This is a two-step process, which involves oxidation/dehydrogenation of isocitrate,
follawed by decarboxylation to form a-ketoglutarate.
. The hydrogen and electrons which are released from isocitrate are taken up by NAD" 1o
form NADH while carboxyl group is released in the form of CO:.
5. Oxidative Decarboxylation and Addition of CoA
. a-ketoglutarate again undergoes oxidative decarboxylation. The hydrogen and electrons
which are released from a-ketoglutarate are taken up by NAD™ to form NADH while the
carboxyl group is released in the form of CO;. Then, it combines with coenzyme-A to
form succinyl Co-A.
6. Formation of ATP
. Coenzyme-A is removed from succinyl Co-A to form succinate by the addition of H:0
molecule.
. The reaction releases sufficient energy which is used to generate ATP molecules.
r Dehydrogenation/Oxidation
. 5”““_:"““[* undergoes dehydrogenation/oxidation to form fumarate, The hydrogen and
elecrmniﬁ which are released from succinate are taken up by FAD to form FADH..
8. Hydration
. A HxO molecule gets added to fumarate 1o form malate,
9, Dehydrogenation/Oxidation
. Malate undergoes dehydrogenation/oxidation to pProduce oxaloacetate
. The hydrogen and electrons which are released fi 7 o *
form NADH fom malate are taken up by NAD
Oxaloacetate picks up anoth
. P up er molecule Efﬂ-{;ﬂ}q CoA tn e
cpeat the cycle
nf' - PREF BOOK ¥
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11. TCA cycle involves inter-conversion of carbohydrate molecules. Which of the :i

10. All of the following reactions involve reduction of I}'l!l'lﬂ except:
A. Succinate to fumarate B. Isocitrate to a-ketoglutarate |
C. Pyruvate to acetyl Co-A D. Fumarate to malate

following process takes place only once during the completion of one cycle?
A. Isomenzation B. Reduction
C. Oxidation D. Decarboxylation

e

One Krebs cycle yields one molecule of ATP, three molecules of NADH and one

molecule of FADH:. .
RESPIRATORY CHAINELECTRON TRANS

After Krebs cycle, most of the -

PORT CHAIN

energy of glucose is in the form @~ - _ |
of NADH and FADH: molecules Energy Production in Lhr!ngs-?rmg ;
which will get enter into the In living systems, energy is being released in |
ETS. bits as per requirement of |he body. This is

. The reduced NADH and FADH: being done to avoid the release net' extra 'hut i
are oxidized and their clectrons § COCTEY and denaturation of proteins including
are passed along a serics of enzymes.
oxidation-reduction to the final “— .

" acceptor i.¢., Oz

R ——
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_ Jil . -“.n-":\r.' \ [ll H dehvdre fenas *-'i.l 1- [ l‘ )

3. Coenzyme Q g
6. Cytochrome oxidase complex (IV) o WU
. Cytochromes are electron transport intermediates containing haem of related p .
groups, which undergo valency changes of iron atom. u {3
Passage of Electron Flow _ lex (1). Electrons noy
. NADH is oxidized when it reacts with NADH dehydrogenase complex {2} =EEEEEEEEN
move to co-enzyme Q. k- + COSenTUT
IfFADH: is to be oxidized through ETC, it also hands over its electrons to co-enzyme Q,
via FADH dehydrogenase complex (II). . L
. The flowing electrons from coenzyme Q are now transferred (o cytochromENIECTn,

its electrons to cytochrome c. Like co-enzyme Q,

complex (III) which hands over ; _
Cytochrome ¢ delivers the electrons to

cytochrome c is also mobile carrier of electron.

cytochrome oxidase complex (IV). E
Finally, the electrons are transferred to Oz, which is the ultimate acceptor of electrons,

_ Each O; atom picks up a pair of hydrogen ions from the aqueous solution, forming HzO.
' . Energy released during passage of electrons from one carrier to the next is used to pump

H* from mitochondrial matrix to the inter-membranous space. There are three such sites,
corresponding to three enzymes present in the ETC.
Chemiosmosis and Oxidative Phosphorylation
. Oxidative phosphorylation is the synthesis of
ATP molecules with the help of energy |
liberated during oxidation of reduced co-
enzymes, produced in respiration.

. The enzyme required for this purpose is called
ATP synthase, which is located in the inner
mitochondrial membrane.

. It consists of two parts i.e., Fp and F;.
. Fo 15 embedded in the membrane and inv, in tt er S
membrane space to mitochondrial matrix, fyotves Intho g H fom Sy
. Fi/elementary particles are a head-li rt which i : ,
nmhmne':if;ds matrix. =l g projected from the surfice of .
. ATP synthase becomes active only when a H* gradient is established
. The energy of proton gradient is used in attaching a phosphate to ADP
. Oxidation of one molecule of NADH, produces 3 ATP molecules m:ﬂl:mh
FADH: forms 2 ATP molecules. The theory of ATP Pfﬁdwmn blf‘:]n -

Cardiolipin is a phospholipid
present in the cristae of
mitochondria that is impermeable
to Na', K*, CI, NAD*, AMP, |
. GTP and CoA.
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AT AN A ARARA]

I S et
J!H|I|"¢'||||;-I|l|'-

r-

+ - @—-1-_1,:-‘:1
L }

Mitochondrial matrix 2 froe o glectrons 12 ol PO
hydrogen  @dting ETC an T @
W melgCu

|' ~T_ ProtonPumping | H°Diffision

Chloroplast | Stroma to Lumen | Lumen to Stroma

Mitochondria '| Mamx o inter-membrane | Inter-membrane  SpAce tﬁJ |

i space _ Matrix

"m Cytoplasm  to  periplasmic Pmmmcmmqmmj
space _\_

_,,_ e — —
"NERGY BUDGET CALCULATION AND REGULATION OF
CELLULAR llESP'!H.-h’l'H)H e
In prokaryotes, there are no mimchnndria, the whole process of respiration OCcurs within
the cytoplasm, 30 no ATP 15 consumed 10 CRITICAL "
transporting ~ across the organelle. CONCE
Therefore, 38 ATPs are made from one
glucose molecule in bacteria while 36 are
made in a eukaryotic cell.

. Actually, two molecules of NADH of |

glycolysis are pmduﬁ:ad in the cytoplasm.

Serjes of reaction always useé
feedback/Allostenc inhibition method
to control the metabolic pathways.

3
KETS - PREP BOOK

i
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time of their uptake, only the energized
electros of NADH are transferred inside
the mitochondrion by complex mechanism.
These clectrons are received by two
molecules of FAD in the mitochondrial
:““ﬁ“ to produce two molecules of J
ADH:. Hence, four ATP molecules are
produce instead of six. So, eukaryotes yield two less n_umh-:f mf‘ ATP than prokaryotes,
The whole energy budget is summarized in the following table:

s rC of Al k

Pathwas L ocnEvimi

P— Yield Input of 2 ATP molecules from cytoplasm.
phase  of -2
Glycolysis -
Pay-off ATPs are made by glycolysis. o
Phase of 4 N;lpyiclg ;c;r]}g;r-:ﬂlyms would be 2 ATPs (4
' i AlPs - 3
e 2 NADH ' Can only be converted into ATP in
mitochondrial ETC.
_ | This requires them to enter into mitochondria,
| 4(6) a step that is free in some organisms, and costs
' Il 2 ATPs in others.
} | ' This is what causes the differences in net yield
| - of aerobic respiration.
!P}Tu'lr'a[f 2NADH | | ETC
Oxidation | .
Lﬁlﬂ'ﬁ - ' Substrate level phosphorylation
Cycle &
6 NADH 18 ETC
e 36 (38) | Complete breakdown of one glucose molecule
. | ATPs | to CO;and H,0,

CRITICAL mrmﬂa‘.a

12. When one mole of glucose is broken | =L
'roken down to 38 N ,
the prokaryote then it means it s giving gy - per gl,itme releases In
A. 2% e percentage vield.

C.#ﬂ‘}f& D. 90%

KETS - PREP BOOK
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B,

Oxidative

s phiosphorytation

CRITICAL THINKING'R |

" 13. Ifit is possible to prepare vesicles from portions of the inner membrane of the
mitochondria. Then which one of the following process could be carried on by

this isolated inner membrane?

A. Citric acid cycle
D. Reduction of NAD

(. Beta oxidation
14. A process that involves regeneration of NADH is: ;
B. Lactic acid fermentation

A. Glycolysis !

C. Oxidative phosphorylation D. Alcoholic fermentation

15. ATP is having all type of relations with phusp-hu[ruﬂlo}:infse‘egapt:
A. Competitive inhibitor B. Non-competitive mhlhm:

\_ G- Feedback inhibitor D. Allosteric inhibitor

B. Oxidative phosphorylation

-
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the chloroplast, which is then converted to SUcTOse,
Cellular Respiration of Fats and Proteins ks down to glycerol
When fats are used as an energy source, it s

: WANDCELLULARRI
G3P is an important intermediate of respiration and |
In respiration, G3P appears during glycolysis wnivis . bexose S
- : ' - 2 ; ed into hexose within
In the Calvin cycle of photosynthesis, G3P molecules are convert

SPIRATION
teads to the formation of pyruvate.

mmmmgmic molecules,

and fatty acids.

: - lysis.
L Glycerol is converted to G3P, a metabolite produces in glycolys

. The fatty acids are converted to acetyl CoA. which enters
fatty acid results in nine acetyl CoA molecules.
& The hydrolysis of proteins results in amino acids W

the Krebs cycle. An 18-carbon

hose R-group size determines whether

' in is oxidized i i le.

the carbon chain is oxidized in glycolysis or Krebs cycle. I i3
. The carbon chain is produced in the liver when an amino acid undc.rgﬂgs, dmmm

i.c., the removal of amino group. This amino group becomes ammOTni, which enters the

urea cycle and converted to urea.

(Digestion) t
+ (Digestion)
\-3 carbon * 3-Carbon
Fﬂ,ﬂ}' T
—
3-Carbon -
[ (P}Tu;-*ic acid) R0 oy
co, <] N\
ﬁl:arbon_ 2-carbon |
gments "
(Acetyl - CoA) {acf )
:
Krebs | .
=N
KETS - PREP BOOK N Co,
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COURSE CONTEN

Introduction to Biological Molecules

»

. Importance of Water
. Carbohydrates

. Proteins

. Lipids

. Nucleic Acids

. Conjugated Molecules

___INTRODUCTION TO BIOLOGICAL MOLECULES
. Biochemistry is a branch of biology which deals with the study of chemical components
and the chemical processes in living Organisms.

. A basic knowledge of Biochemistry is essential for understanding anatomy, physiology,
because all of the structufes of an organism have biochemical orgamization. For example,
phiotosynthesis, respiration, muscle contraction can all be described in biochemical te:ms.

Chemical Composition of protoplasm

. Approximately 25 elements out of 92 naturally occurring elements of earth are found in
living beings. These are called bioelements. However, human body is composed of only
16 of these bicelements.

. These elements can be classified on the basis of their proportion in n-rgmisnm The six
common bioelements that constitute 99% of protoplasm are called major bioelements.

. Minor bioelements are those that are found as less than 1% whereas those that are found
as less than 0.01% of the protoplasm are called frace elements. The relative percentages
of bioelements are mentioned in the following bar chart.

- The bioclements are combined with each other and form thousands of different
biomolecules which may be organie and inorganic.

70 — O

.
bi"' 60 |-
bl

S50 b=

_aanil

The six commonest bioelements account for
9% of body mass

oxygen 65%
carbon 18%
hydrogen 10%
nitrogen 3%
calcium 2%

phosphorus

A T
e 40 I
m&ﬂ 30

relative mass/%

20
10

0

Other bicelements includ
(0.25%6), chlorine (0. 15%).
iron (0.004%), copper (trace),
iodine (trace).

e (about 1%) - potassium (0.35%), sulphur
sodium (0.15%), magnesium (0.05%),
manganese (trace), zinc (trace),

'L KETS - PREP BOOK -‘
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~ PMC Topic-3 | R

*  The table below shows proportion of different bioclements in a typical bacterial an
mammalian cell. ,
|
I | Water T0 ;:_:_ g
L Proteins - 15 3
3. | Carbohydrates g -
4. Lipids _ 0.25
5‘ | DHA I l.l
6 —
6. | RNA
i 7 Organic molecules 2 2
| i (enzymes, hormones, mceabnl;ites} 1 t 1 ]

1= == e s
8. | Inorganic ions Na", K, Ca*, Mg "etc.) _ —
e The foor findamental Kids of biological molecules are carbolyungses, Prveciss P

and nucleic acids. : monomers join aOH is
=y - etis, when two or more MER JOL.
. During condens symihesis, 4 from the other to make H2© and a ;

rermoved from one monomer, and a HY is remove
- ry———— the breakdown of an T
» The hydrolysis is cssentially the reverse of D i R
ner/poly ition of H20 molecules. t ,

R = condensation 1.€.,
oligomer/polymicr into its MONOMErs by the add H
IMPORTANCE OF WATER

:mpmﬁzr is the medium of life and is most abundant compound in all organisms.

. It varies from 65 to 89% in different organisms. :

. Human tissues contain about 20% water in bone cells and 85% in brain. Jellyfish has
exceptionally large amount of water i.e., 99% (hence the body shows transparency).

. It acts as a fubricant against friction, e.g., tears protect the surface of eye from the
rubbing of eyehids.

. It acts as fluid cushion around organs that protect them from trauma.

. Biochemical reactions take place in the presence of water.

. It also takes part in many biochemical reactions such as hydrelysis of macromolecules.

. It is also used as a raw material in reactions like photosynthesis.

High Polarity:

. In case of water, the sharing of electrons between oxygen and hydrogen in not completely
equal so the covalent bond is polar.

. A polar covalent bond is a chemical bond in which shared electrons are pulled closer to
the more electronegative atom, making it partially negative and the other atom partially
positive.

. Thus, in H:0, the oxygen atom actually has a slight negative char ach |
: ' YE . gatiy rge and each hydrogen
:L“l:: :is al Sl'g:‘;ﬁs"“’c charge, even though H:0 as a whole is neutral, Becauire of its
et cavalent bonds, water is polar molecule i.e., it has a sli gati  and W
slightly positive poles. po it has a slightly negative pole and two
L] T-.hli ]-15 ! Ia!ril 1 T F ’ F 1 . o )
polar Sugs?tancgs,or water molecules that makes it an excellent or universal solvent for
. lonic com : - . .
il Mpr::g:ls or electrolytes can be easily dissolved in water, non-polar substances
e gr:ups in their molecules can also be dissolved in water.
olved in water, dissociates into positive and negati
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Hydrogen bonds are especially important for living organisms because:
A. Once formed, they never break

B. They occur only inside of organisms

C. They are strong and maintain physical stability of molecules

D. They allow biological molecules to dissolved in water

High Specific Heat Capacity:

. Heat capacity can be defined as ‘the amount of heat required for minimum increase (1°C)
in temperature of a substance. The specific heat capacity of water can be represented as
number of calories required to raise the temperature of 1g of water uptol 'C.

. Water has relatively a very high heat capacity than any other substance due to its
hydrogen bonding, because much of the heat absorbed by water is utilized in the
breakdown of hydrogen bonding.

. Due to this high heat capacity, water works as temperature stabilizer or regulator for
organisms in the hot environment and hence protects the living material against sudden
thergpal changes.

Heat of Vaporization:

. Amount of heat required to change 1g of water is from liquid to gaseous state is called
heat of vaporization.

. Specific heat of vaporization of water is 574 Kcal/ kg.

. Evaporation of only 2ml out of 1 liter of water lowers the temperature of remaining
998ml by 1°C.
. The advantage of high heat of vaporization of water is that it provides cooling effect to

plants and animals.
Cohesion and Adhesion Property of Water:

. Cohesion is the attraction among water molecules which enables them to stick together.
. Water flows freely due to cohesion.
. Water molecules also have attraction to polar surfaces. This attraction is called adhesion.

. " Both cohesion and adhesion are due to hydrogen bonds among water molecules. These
properties enable it to circulate in living bodies and to act as transport medium.

Hydrophobic Exclusion

. Hydrophobic exclusion can be defined as ‘reduction of the contact area between water
and hydrophobic substances which are placed in water’.

. For example, if few drops of oil are placed on the surface of water solution, the oil drops
will tend to join into a single group.

. Biologically, hydrophobic exclusion plays key role in maintaining the integrity of lipi
bilayer membrane.

| — ~—
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CARBOHYDRA'

Literal meaning is ‘Izydrard carbons’, a carbon associated with water.
They are composed of carbon, hydrogen, and oxygen. Mostly hydrogen and oxygen are

found in same ratio as in water (2:1).
Chemically, they are defined as ‘polyhydroxy aldehydes or ketones or complex
substances which on hydrolysis yield polyhydroxy aldehyde or ketone subunits’.
- Their general formula is Cy(H20)y where ‘X’ is the whole number from three to many
thousands whereas ‘y’ may be same or different whole number. Lo““ ulﬁ ) \ ‘

&

Simple carbohydrates are the main Source of energy in cell.

Some Parbohydratés are the main constituents of cell wall in plants, fungi and
Examples are'cellulose in wood, cottor and paper, starchés present in cereals, root tubers
¢ane sugar and ‘milk sugar. TS
Their MARISOUge is GREGMPIARE, which produce themi by photosyfithesis! Even all the
©therEOMPOUGS of HIEHT are SYRNESIZE from Carbohydratss.

Carbohydrat ine wi - * '
ydrates combine with proteins and lipids to form glycoprotein & glycolipids,

respectively. These compounds are collectively callediglyco-conjugates.

I
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3. Glucose and hexanoic acid each contain six carbon atoms, but they ii‘l'l

completely different properties. Glucose is used as a primary fuel by the cell while
hexanoic acid is poisonous. Their differences must be due to:

A. Monomers B. Macromolecules

(Mizosaccharides

Common Name Simple sugars Complex sugars nche o
- | | ; ] i
No. of sugar units One Two —Ten, More than 10
Taste Sweet Less sweet m—ﬁ'. - ,
Easily soluble in o e ?
Solubility in water W Less soluble in water uatgr /More or less ‘E]
mmsoluble in water ¥ h
Hydrolysis Cannot be hydrolyzed | Canbe hydrolyzed | Can be hydrolyzed L'E’{hi
(CH:0)s/ CaH2:04 Ca(H20)a
General Formula C.(H:0) (foc disaccharides) Cx(H20)y
» On the bases of
number of carbon On the basis of On the basis of
atoms e.g. trioses monosaccharides structural complexity
- — (3C), tetroses (4C), | released during & relation e.g. starc] .
EAAmtication pentoses (5C) etc. hydrolysis e.g. glycogerd, cel =
b Onbeaseof finctional | disaccharides, dextrin, agi pectin
eo aldoand | trisaccharides etc. and chitin, ™™
rdninty s oW
Monosaccharides
. Monosaccharides are true carbohydrates which are either polyhydroxy aldehydes or
polyhydroxy ketones.
. In nature, monosaccharides with 3 — 7 carbon atoms are found.
. All carbon atoms except one have hydroxyl group. This exception is carbon of m -
or ketone group.
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ﬂni 010 oS

e 0 - Fotrn 2380 Kefo group
HCOH - V¥icses \_3C) c=0
CH:0H CH:0H
» Glyceraldehyde Dihydroxyacetone

Classification of Monosaccharides
Lo I'vpe Formula wWdo Form

keto | m'n Kole
Intermediates in
Glyceraldehyde Dihydroxyacetone phutj::rsy_mhesis &
respiration

-,g.g..._g mhﬁmu | Intermediates in
photosynthesis in
bactena

Ribose is found in
RMNA while Ribulose is
found in Calvin cycle
Todose el | Fod, Semipst | EfiergyiSolice,
6C | Hexoses | CeHiz0s | GIIESSE Fructose venithes Polysacchafid
Ty o2 = ““"’r’l& el wanl, fosrmzti '-mf

4C | Tetroses | CaHz(y

’ 5C | Pentoses | CsHiDs |WRIBGEE

7C | Heptoses | CHis0r | GliiGoliepiose

Chemical/Ring Structure of Monosaccharides

. Monosaccharides are usually foundiin open chain structure 1(% form but when
dissolved in water, most of them (e.g. pentoses and hexoses) are converted into ring
EW S Logng e
. Two types of ring structures are formed e, g Fu:hnase isd | ring in which
one oxygen atom and four carbon atoms are found, uxygqn amrm 15 lmked wuh!ﬂ'i |
\G4, All pentoses and ketohexosés are converted into is a SIk

ﬁ“

I 0,

membered ring in which one oxygen atom and five carbon atoms are found, and oxygen
atom |.s linked with C) and Cs. Only aldo-hexoses are converted into pyranose ring.

I‘+_J'

1erism in Munus:cclmndes
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. Enantiomers arc non-superimposable mirror h;ngu of one another. An example of an
enantiomer is the *D” and *L’ isomers of glucose.
. Epimers have different amangement of hydrogén and hydroxyl groups Il_
. Y QJ\‘WE :"‘}W pat” Ho O .
HO—t—H ok
H—}—oH | He= a8
H——oH e
CH,OH > by il
Enantiomers L-glucose
D-glucose Al ]
[:_ H——OH —= Only nnncfiml 3 HQ——H
HO——H “:‘:“":h o «—{HOFT—H S
H——OH . E;:,‘,-m@“') “B Il |
o ; H——OH

CH,OH l Epimers \ CHOH
. Each pentoseél and hexose cxists in either faj or ‘B form depending upon Position of

‘hydrogén and hydroxyl groups at Cy2 If OH" group is found downward at C, it is called
‘a’ muﬂifOH'gmup is present upward at Ci then it is known as ‘" sugar.

1 -.n Emiﬂ—i}wﬁch _fm-m-

- PREFP BOOK
G —

Scanned with CamScanner



Synthesis of 10g of glucos requires 71,6 Kga/ of solar energy, WIC" el
glucose molecule and becomes available in all organisms when it is oxidized

e Our blood contains 0.08%glucose. 7 :

*  Starch; cellulose, and glycogen yield gliiéose on complete hydrolysis.

. In frec formy glucose is present u: figs. grapes. and dates.

{‘_lm— > } & CH=m'I

which in tum is stored

B-D-glucose B-L-glucose
] L — ]
a-D-glucose Enantiomers i
(a) Linear and ring structures (b) Isomers of glucose |
of a-D-glucose |
Oligosaccharides
* Those oligosaccharidés which yield two monosacchanides on hydrolysis are called
disaccharides and

those yielding three are called trisacchariges.

. The covalent bond formed betwecr 'Wo monosaccharides is called glycosidic bond.
*  Maltose, gucrose, and lagtose al] are disacchafides. Their general formula is CizHzO0H.

Disaccharide Source and ( 4;l||;;:|r: Name L Th’“”;m_ .
momers

bl Glycosidic Bond
p—_— mmm} Glucose + Glygose

im wﬂam} Glucose + Fructose

Lactose Milk (Milk Sugar) Galactose + Glucose T

KETS - PREP BOOK
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OH (Sucrosel

fB-Galactose H—1

N o

o Ry Py el

" | HO -0 -"'l;\

] Pz o F"_Zl ! */ o F

H OH H O H\.?’ z 1,

(8- Huﬁﬁ?ﬁ_; X B ( 8- Lactose)

Reducing and Non-Reducing Sugars

- Sugars which give positive result on Benedict or Fehling tests arc called reducing sugars.
These act as reducing agents. They have free aldehyde or free ketone group. All
monosaccharides, lactose and maltose are reducing sugars. Ketoses must first

H B-Ghecose "LJH

tautomerize to aldoses before they act as reducing sugars. blml_pgg_ dece &E’.‘
-y o b dres \ erk -
. Sugrose is an c:.f:.:mp!c of non-reducing sugar. __oue e A dd : 'ij\'
. Polysaccharides are also non-reducing sugars. So ode ook ot Lo
Polysaccharides : Olie-cou Lok 2

e They are formed by several monosaccharide units linked together by glycosidic bonds.

¢ They act as structural componenits, food.and energy storés.

e The polysaccharides which are formed by the condensation of only one kind of
el  monosaccharides are called homo-polysaccharides ¢.g. starchy glycogen, cellulose, chitin (N=
Stw'&&miﬂjﬂg polysaccharide); whereas the polysaccharides which are formed by condensation

of different kind of monosaccharides are called hefero-polysaccharides e.g. agary pectin,

peptidoglycan.

HETS - PREF BOOK 51
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{Animal Starch)

. Green
Plaits! Al Eﬂmt
-3 aﬁg‘m :
Organism Algﬂl!, Em Animal, Fungi, rbohydrate in Fungi,
fungus like Prokaryotes nature). Cottan is Arthropods
protists Bure fi af
cellulose.
Cell wall of
Location ||*ij|:s__ grains, Mostiof C:.:”T.hm Main constituent | Fungi,
seeds, tubers, al:-undam IMAVEL | of cell walls, Exoskeleton of
and muscles. Arthropods
Wi P Chief storage Pt'?'ﬂﬂiﬂ'ﬁ in
_Maiﬂ carhuliu:ilrr:f Df“r form of Main constituent of | ammals,
Function ahi maI: - cardohydrates in | cell wallof plants. | Constituent of
: animals. \ fungal cell wall
B-Glucose
Result of | a-Glucose a-Glucose molecules (o= N-acetyl
Hydrolysis | molecules molecules amylase in‘our gut | glucosamine
= cannot digest at)
Amylose: Soluble
in hot water . - ¢
Solubility | Amylopectin: InI:-.::_-LIuhle = e Insoluble in water
Insolubleinhiot or | =T I waleg
cold water
Amylose; )
: . oy Branched (More
Branching Unt:—ranu:h:.d tha
' Amylopectin; an g Unbranched Unbranched
t j Branched Amylopectin)
Cslycosidic :Ei:g;;?] 4 4
Linkage 4 i o-l4&a-1,6 |P=-14
5 leLd&kals Peirt
Ij,“ﬂ’“f %E colour with | Red colour with | No colourich ange | No colour change |
est 1odine test iodine test ° on iodine test iy et
- . I £ 1es [
Structure of Chitin | = on iodine test
. Chitin is the second most abundani organic
molecule on earth. 1t is also an le of
homopolysaccharides. | GRETE
*  Duetothe accurrence of chitin in fungal cell wall, it is also known as fungal cellulose.
. It is the derivative of N-acenl glucosamine monomers, which is a modified forns of glieose.

. The structure of N-acetyl glucosamine and glycosidic

diagram.

linkagé is shown in the following

KETS - PREP BOOK
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PMC Topic-3

I
¢ ¢
* “cH, o’ “cH,
- - N
B-(1,4)-N-acetyl-D-glucosamine

Tests for Carbohydrates

. Benedict or Fehling test to detect reducing and non-reducing sugars,
. Todine testis used to detect different types of polysaccharides.
] CRITICAL THINKING R e -
.-"ff 4. The enzyme called pancreatic amylase is a protein whose job is to attack on
I."' starch molecules in food and help break them into maltose. Amylase cannot
break down cellulose. The possible reason is:
' A. Cellulose molecules are too much large
‘ B. Starch is made of glucose, while cellulose is made of other sugars
\ C. Cellulose 1s like a fat, not a carbohydrate like starch
i D. Monomers in cellulose bond together differently than in starch
3. Carbohydrates are commonly found as starch in plant storage structures.
Which of the following five properties (1-5) of starch make it useful as a
storage material?
1. Easily translocated
* 2. Chemically non-reactive
3. Easily digested by animals
4. Osmotically inactive
5. Synthesized during photosynthesis
A.l and 5 only B. 2 and 4 only
C. 2 and 3 only D. 1,3 and 5 only
6. It gives red color with iodine: f AP,
_A. Storage homo-polymer with no branching | | | |~
B. Storage homo-polymer with branching
| C. Structural hetero-polymer with no branching
\ D. Structural homo-polymer with no branching
KETS - PREP BOOK
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PMC Topic-3

Proteins are the most abundant organic compounds found in cells and

750 of their total dry weight. _ -

. Proteins arc polymers of amino acids, the compounds contaiming carbon, Mitrogen,
axygen, hydrogen and few amino acids contains sulphur.

. Chemically, proteins can be defined as “polymers of amino acids or pﬂm‘m
A protein may consist of a single or more than one polypeptide chain. 3

Example Major Functions

Proteins are involved in buildingymany structures e.g. collagen, elastir

Structures keratinand histones.
Enzymes Catalyze chemical reactions and control whole metabolism of cell,
Hormones Regulate metabolic processes. i
| Transport i z
=y Carrier protein that transportsQ; (Hemoglobin), lipids, metal ions et
] Antibodies Defend the body against pathogenic atiack.
: ; Clotting Proteins | Prevent loss of blood after injury.
r =T ; - -
! Mitotic Apparatus | Helps in movement of chromosomes dunin g anaphase of cell division,
f~ Amino Acids
- . Amino acids are the building blocks of proteins. About 170 ypes of amino Geids ha
bﬁfﬂ found in cells and tissues. ' : — bt
. tof 170 types only 25 are constituents of ins (¥
iy o : 5 af proteins. o enes i
*  Most of the proteins are, however, made of 20 types of amino dcids=) o
fas": Structure of Amino Acid L 10~ Coail
<, : é},j{,ﬁ An amino acid is an organic compound contains a central carbon atom, called alphé

3 £~ carbon. To this, a hydrogen atom, an amino group (-NH:), a carboxylic group (-COOH)

Li’hu"l‘a . %ﬂ  variable group known as R-group are atiached.
- L;;}haﬂﬁn ] -glmfp has a ﬂifﬁmmt sStmucture in each of 20 bi - g * #
and determines their individual chemical propertics, iologically important amino acids

T )
QJLU'.F‘,!&,‘ ‘Lﬁlﬂr’ﬁ Ke

Awe N o
ﬁ,%"sn ’b

. Dipeptides, oligopeptides and pol:

Amino acids link together 1o form a polypeptide molecule,
KETS - PREP BOOK
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PHL‘. Topic-3

*  Two amino acids combine together via a peptide bond to form am EJ?"‘” '
- and alanine chemically interact with each other to form glycylalanine. Similarly, tri, tetra
pentapeptides can be formed. Naturally, this dehydration condensation reaction
“oceurs during translation of mRNA.

I
g

Peptide bond

Glycylalanine
(a dipaptide)

In this figure, -OH of carboxyl group of glycine combines with H of amino group of
alanine releasing water molecule and forming C-N link called peptide bond.

7. Only one of the fﬂl]nmngs is techmnically pussnh]e
I

B. I

| M ﬁfﬂ

H | oH |
i

[ms D]
‘ il.'li..!
My —d" H
1 ]
| iz e S

1K v

Structure of Proteins
There are four levels of organization of protein molecules. ;
Feature I"‘rinmr:\’ | Secondary Fertiary Quaternary
) -  Bending and
Number and | Structural folding of
sequence of amino | conformation polypeptide chain
acids in protein (form or shape) | and forming
 molecule. e.g. coil or helix | regular 3-D

o ) ‘glgc{tgular shape.
Tonic, Hydrogen,
| Bonds Peptide bond Hydrogen Disulphide

Lleue it | bridges ,&phdl

| h;]l T @&'ﬂk._“ -
, Alpha helix ¢ MRS
Example | Tnsulin htm-ﬁ\u‘:i’[u-helix] Lelis | Human

“\1‘:&}. i, ﬁ-pleate::ll sheet | memlobip

KETS - PREP BOOK ' m "“’UL‘EM
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fvas the s geieni who determined the SSqUEREE FAmind

el of TS o » PrOGIEIOE (s CSNE_. by de

J : ime of their synthesis on ribosome surface.

Hhmhﬂm“m“mif“‘nnm?;m P ﬂfﬂﬂ‘in’nm T--!l’l'f.-
i ﬂﬂlﬂl‘.’tﬂ mnlmﬂedtpﬂﬁds _ : : R——

a chain — 141 x 2'amino af.E

I Hb —)[S'HAmmu Acids

Sequence of amino acid in a polypeptide
structure of protein

B chain — 146 x 2 amino acigs |

chain is a characteristic feature of g

which is responsible for proper functioning of protein, i &
determined by the sequence of nucleotides in DNA.
Even due W0 point mutation, (he sequence of amino aci@s in 3 pum e
disturbed Which causes severe defects in the body as it happens in sickle cell anemig,
hereditary disorder in which the body makes sickle or
crescent shaped RBCs and contains abnormal hemoglobin called sigkle Hhemo obin
YHE'). The presence of HbS causes the cells 1o

developia sickle or ﬁéﬂmm
It is caused by a point mutation in f-globin i '

Sickle cell anemia 15 a serfous

"ﬂ"ﬂfﬂﬁﬂifanuumberm.
Smnd:rysﬁucture
* Ebelix andB- pleateq shes, s
are its’examples.
T el s o ey,
: thormedby
Illl-?ll!‘._“
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CRITICAL THINKING'D)

Figure best illustrates the:

A. Secondary structure of a polypeptide  B. Tertiary structure of a polypeptide

C. Quaterary structure of a protein D. Double helix structure of DNA
L A peptide chain assumes secondary structure through the formation of:

A. Peptide bonds B. Inter-chain ionic bonds

C. Intra-chain hydrogen bonds —D. Intra-chain disulphide bonds

e
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Tertiary Structure

surface of molecule.
Quaternary Structure

In many highly complex proteins, polypeptide tertiary chain
together by hydrophobic inte

structure of proteins.

Hule::uiar Structure of Hemoglobin
iy globin chain

Classification of Proteins

Feature

In aqueous environment, the most stable tertiary
h)'dmlﬂhnhlt amino acids are buried inside while v ll.’i"hﬂl’h‘l""

Fibrous Protein

ractions. This specific arrangement is

s are wﬂd‘“’

Globular Protein

Shape Fibrils form Spherical or ellipsoidal
Stru_ttu ral organization Secondary Tertiary or quatemnary
Solubility in aqueous media | Insoluble in aqueous media Soluble in aqueous media
Crystal Nature Non-crystalline Can be crystallized
Elasti IC i » -
nimity Elastic in nature Inelastic in nature
Play structural role Play functional role
Stability More stable Less stable 7
Exam Silk fibers, myosin 121 in : i
y Lo Yosin tail, fibrin, Enzymes, antibodies,
E KETS - PREP BOOK
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Coll Matnx of bone and
-ﬁ;ﬁﬂ Elaslici.t}r to tendon and ligaments
aralin | Protective coverings e. . hair, nails, quills, feathers, homs and beaks

Important Functional Protecins

| Enzymes Control metabolism
'Homobes | Regulation of physiological activitics
Antibodics Immunity
" Hemoglobin Transport of gascs
_Fibrinogen® Blood clotting
Ovalbumin Storage of amino acids in eggs
 Casein * | Storage -.‘:E'a.tmnu acids in milk

{ CRITICAL THINKING'R |

10. Which of the following organic molecule is having intra-molecular hydrogen
bonding?

A. Fibnin B. Polysacchandes
C. Lecithin D. ATP

Lipid 1s collective term for vaniety of organic compounds such as'fats, oils, waxes and
fat-like molecules (steroids) found in the body. Therefore, it is defined as a
heterogeneous group of orgamic compounds mostly related to fatty acids.

. They are insoluble in water but soluble in organic solvents like "Silign) FICOHGN

. Their hwrdmphnbrc nature makes them best suited to be a structural component of cell
membranes.
. Lipids store double the amount of

energy as compared to same amount of Solubility qulplds
carbohydrates  because of  high || The ‘only" property of bupeno:a that
proportion of C-H bonds and very low resembles to the other type of lipids is
proportion of oxygen. “water ll:tsnluhl'llﬁ‘“

*  May acl ainSulaninglayer c.o. Waxes|
in w and cutin
which is an additional protective layer on the cuticle of epidermis of some plant organs.

E.g! leaves, fruits, seeds.

Chssiﬂﬂti-nn of Lipids
*  Lipids are broadly classified into simple, compléx and derived, which are further sub:
‘dividedanto different groups.

Simple lipids are esters of fauty acids with various alcohols e.g., acylglycerols and waxes.
Complex lipids contain other groups in addition to an alcohol and fatty acids e.g.
phospholipids, glycolipids and lipoproteins.
; Derived lipids arc derivatives of simple and complex lipids e.g., terpenes, steroids,
pmtaglmdmmdchnlcstm!
KETS - PREF BOOK G
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Acylglycerols

I. Chemically, these cap
*  The'iosyabundanilipiasin FAREMRINCS ° “acyltveert
defined as SestercoteivcersbGRagap aeies - o :
“Fatty Ac o \Estenticsiion 5, A cylglycerol #*HL,0
Fatty Acid +Glycerol Ester Y'& :

i Glycerol is a ﬁ—hﬁ;}y&i“ﬂ which contains three Ear:nﬁ! irﬂ:::r::;:;;%;emlis P

1 When glycerol molecule combines with one fatty ac. = grol is formed and s
When two fatty acids combine with ‘one g]ynml,_a mﬂfgfl’w —p 1 When
three fatty acids combine with one glycerol mn]ecule.qrfgfyc {15 formed.

. cerol is also called ‘mentral lipids® as ERESIRELSeroups are -"Y
fatty acids and nocharge bearing OH-group is left: 3
id chains are bound to glycerol by dehydration synthesis.
3 fatty acid chains Triglyceride, or neutral fat
; tty Il E ¥ ’| 3 water
[ | o | molecules
H : H
o0 @ Lo ot a
H : ,
‘T“‘j “@ C-CH,~CH....CH~CH~CH H-C-0 —{C-CH~CH.,...CH,~CH,~CH
; 0 —.
H-C-0 @) ‘ ]::} L
I CH,..CH-CH~CH H-C-0 {C~CH,-CH,..CH,-CH,~CH, *
HC0L® @favonenone)  [neol ] a
~CH...CH~CH.-CH H-C-0O |
| | C._:':H;-CH,-,.CH,-CH!_QHH
—
Fatty Acids ., St i S H

A s e S0 0 oy

Upto sjy douh

———

. - le bonds
ged /Branghgg —————— .

—
l‘lamg_\\\_d
L More useful faria—
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Stearic acid Saturated
Oleic acid Mono-unsaturated , Olives K]
‘Tinoleicacid | Poly-unsaturatgd | 184 | Vegetableoils | <500
Waxes —>wihde _3?'5‘»’@*'5 o3 Poledive {_c.ﬂ-:!{—-g 'b h‘! ﬁiﬂli'l \e owea
. Waxes are highly hydrophobic compounds.

. There are two types of waxes; natural waxes are simple lipids. typir;all_
offlong chain faity acids and longehainjalcohols. such as (Honeycomb) and

. Natural waxes are chemically inert and resistant to atmospheric decay.

. Waxes have protective functions in plants and amimals.

. Synthetic waxes are generally derived from petroleum or polyethylene e.g. Paraffin

Phospholipids

. They are the UEVaGVEs ofpiosphandicacid by addition of one of the'nitrogenous base:

. One end of phospholipid molecule (head), containing the phosphate group and

nitrogenous compound is polar and hydrophilic. Other énd (tail) containing the fatty acid
side chains is non-polar and h}fﬂl’ﬂphﬂbil:.%é; b lent—= (Salani<) 3

| ~ Glycerol + 2 Fatty Acids + Phosphate Group
e
Nitrogenous Base

= Phospholipids I

I — —

Example

. m is one of 11s iﬂ_mm__iﬂﬁi_‘iﬁmﬂﬁ- also callccm
[ v
( heodd 7 (Om) s

e

Scanned with CamScanner



PMC Topic-3

(%) o — o
a2 T 3R

q‘ 2= M

I * ) £ f‘-' .

b 0y YA

gy Ll -. s,
' s i

* =
S
45-.1 B

Hydrophobic tails

Function ,
o They arcREQUERIN A8800 atcd witlf biological membranes 1

Terpenes ‘
. Terpenes are synthesized from a five-carbon b

(isopBenstd)

uilding block known as isopreme umit

which is shown below: Qi’- sHg)

o

Hs |
HEC///C\E/C

. This unit  in i
form grpeny: c.c., Wenthol
m!erpene €.8., ambrein. —» }e WA e qui . :5 P‘“‘;,T"«‘"!‘ o\

s to form %

Steroids are lipids of high molecular weight which can be crystalli

units’

four form diterpene ¢ o, m A and six form a

AT opaal!
-

. A steroid mucleus consists of 17 carbon atoms arranged in four attached rin gs, threg of

the rings contain six carbon atoms, alnd the fourth mﬂm five as shown below:
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Cholesterol “‘hﬁrﬂmufnlugcnmnbﬂofmuyummm -
nclude the bile salts, testosterone, progesterone, esfrogen efc.

«  'Prosmplandiy orc derived from WAMSRISBRISNEE and cxist in virually o

mammalian cell and act as local hormone.
Their functions include:

i

e

i The ability (’_" lﬂmﬂ' and m depcnds on
m synthesis bygilil I Pro;

*.Lt; lH{ \CIDS

. Nucleic acids are of two types i.e., DNA and RNA, and both are linear unbranched
polymers of nucleotides.
Chemical Composition of Nucleotides
. Each nucleotide consists of a pentose sugar, a phosphate group and a nitrogen
containing base.
. In DNA, the pentose sugar is deoxyribose (CsHig0s), while in RNA: it is ribose
CsHioOs).

Ribose _ 7 Deoxy ribose
~ CsHyoOs T CsHioOy
o ;‘ 3 o
| HOCH; ‘__,e:j-.___'_ OH ‘ HOCH; ~~~. OH
- . e | . - ‘\"x
+ CHEHERNH . Y H H ’
H\é" = oL
oH [OH OH H

. Phosphoric acid/phosphate group is a common -:nrnpum:-m of both types of nucleotides
which provides acidic properties to DNA and RNA.

. The nitrogen containing ring structures are called bases which are of two types i.e., single
ringed pyrimidine and double ringed purines.

. Pyrimidines are of three types i.e., cytosine (C), thymine (T) and wracil (U). Thymine is
only fund in DNA while uracil is only found in RNA.

. On the other hand, the purines are of two types i.c., adenine (4) and guanine (G).

NH, PURINES <
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H
H Uracil

Cytosine o
cotide. 1° nitrogenous base is linked with 1' carbon of
tion is called nucleoside. ,

with 5' carbon of penfose sugar of a nucleoside, the

IH, Ty | -
HO —e [Om=E Mﬁiﬁ
¥

OH OH

Thymire
During the formation of a nucl
penifose Sugar. Such a combina
When a phosphoric acid is linked
nucleotide is formed.

Muckootide

The nucleotides which take part in the
formation of DNA or RNA must contain
three phosphates, but during their
incorporation into DNA or RNA polymer,
each nucleotide losses it's  two
phosphates. , = -
Two nucleotides in DNA or RNA are connected through condensation reaction by
phosphodiester linkage.

Polynucleotides have a free 5° phosphate group at one end and a free 3' hydroxyl group at
the other end. By convention, these sequences are named from 5° to 3.

Frrmarie of phmgbecetaest it bacetd]

The bond in between nitrogenous base
and pentose sugar of nucleotide is
called as N-glycosidic inkage.
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|
Adenosing

E T
Adenosine monophosphate (AMP)

T
Adenosine diphesphate (ADP)

—
Adenosine triphosphate (ATP)
= - | CRITICAL THINKING SR
11. How many glycosidic linkages are present in a NAD*?

A2 B. 1
C.3 D[]

NAD {Nummamlm adenine dmu;leoud;n \ADP (Nlcmmanudc ademne dmuclnmul‘c‘
phosphate) and FAD (Flavin adenine dinucleotide) are important dinucleotides and used
in several oxidation-reduction reactions in the cell.

Deoxyribonucleic Acid (DNA)

o

. DNA is hereditary material. It controls the properties and potential activities of a cell.

. In 1951, Erwin Chargaff provided data about the ratios of different bases present in a
DNA molecule.

. This data suggested that adenine and thymine are equal in ratio and so are guanine and
cytosine. Similarly, total purines and total pyrimidines are in 1:1 in any DNA molecule.

Scale Model of DNA

. Maurice Wilkins and Rosalind Franklin descnibed X-ray diffraction analysis of DNA.
Watson & Crick presented scale model of DNA. Its salient features are given below:
DNA is a dual polymer and made of two polynucleotide chains or strands.
The two strands mmiummmwmmw my@ﬁ::ﬂudm@hlﬂix(ﬂw}w
The two chains are held together by weak hydrogen Adening and thymine are connected
mwmmmmmmmﬂwmmm _ .

ol Diameter of DNA double helix is 2rm. ,

. In each tum of DNA, there are about 10 base pairs of about 34°A units.

. mwnmﬂ‘mmdlhedmubﬂwmmﬁjmtmujhn
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Ribonucleic Acid (RNA)

e L RNA is polymer of nbonucleotides.
: . The RNA molecule occurs as single strand, which may be folded back on itself to give
[ double helical characteristics. In this case, cytosine pairs with guanine and adenine with
uracil.
. RNA is synthesized by DNA in a process known as franscription.
Different types of Nucleoside and Nucleotides of RNA and DNA

RNA DNA

N Irooenous

Base Hibonucleosides Ribonucleotides I'l'“l:‘-riI:H"llll"l‘L'l:lA\illlti‘. Deoxyribanucleotide

s | - AMP, ADP, - |
Adenine Adenosine ATP - d- Adenosine d- AI’:!{&#;ADP,
Guanine Goanosine. | CMP, GDP, r GMI.; =8
| Guanosine | ™Grp | d-Guanosine | 4“GMP,d-GDP,
Cytosine Cytidine CMP, CDP, , d- GTP
cil Thymi BN UMP, UDP, CTP
Uracil/ Thymine Uredine | UTP d-Thymidine d-TMP, d-TDP, d-
KETS - PREP BOOK o
= e ——— R ——
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Types of RNA e

Messenger RNA (mRNA)

5 Iuakﬁthegmthcmgcfmmﬂmnuﬂmﬁnnhmnemﬂmqmplmmm
acids are arranged to form a
specific protein molecule.

. It consists of a single strand of |

variable length. . Ribosomes translocate always from 5° to 3°

e  Its length depends upon the size | on mRNA during the process of translation.
of the gene as well as the protein While polypeptide chains are always
for which it is taking the message. J| synthesized from N to C terminal. :
For example, for a proteins '\

molecule of 100 amino acids,
mRNA will have the length of 300 nucleotides.

. Actually every three nucleotides in mRNA encode a specific amino acid; such triplets of
nucleotides along the length of mRNA are called codons of genefic codes.

Transfer RNA (tRNA)

. It 1s smallest in size.

. It 15 a single stranded molecule but it shows a duplex appearance at its some regions
where complementary bases are bonded to one another.

. It shows a flat cloverleaf shape in two dimensional views, lis 5'-end always terminates in
guanine base while 3'-end is always terminated with the base sequence of CCA.

. tRNA molecule has three loops. The middle loop in all the tRNA is composed of 7 bases,
the middle three of which form anti-coden, which is complementary to specific codon of
mRNA.

. The D-loop recognizes the activation enzyme. Theta loop recognizes the specific place
on the ribosome for binding during protein synthesis.

. There is one specific tRNA for cach amino acid. So, there are at least 20 kinds of tRNA
molecules. IRNA picks amino acids and transfers them to nbosomes.

. Human cells contain about 45 different kinds ﬂf IRNA molecules.

Mnlunh.r Directions during Translation:
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FMC Topic-3 | Biological Molecules

Ribosomal RNA (rRNA)

. Wtis the major portion of RNA in the cell, and may be upto 80% of the total RNA.

t It is transcribed by the genes present on the DNA of several chromosomes.

. These have the largest size among the RNA.

. It acts as machinery for the synthesis of proteins. s :
s It is strongly associated with the ribosomal proteins where 40 — 50 % of it IS present.

Feature mHENA

Functi Takes message from | Transfers amino acids F_?hl?ﬂ;;;ﬂ of
i o DNA to ribosomes | to ribosomes - T
Single strand of | Length  of 7590 Dﬂu-- |Etl : L‘l{'l "
Length variable length nucleotides ggl;ﬂan engt
| Percentage 3-4% 10-20% —

Difference Between DNA and RNA
Feature

DMNA

Nucleotides Deoxyribonucleotides R?hﬂ""dm“des
Pentose Sugar Deoxyribose Rlb“ﬁfq -
Nitrogenous Bases | A, G.C. T A, GCU
Physical Structure Double stranded | Single stranded
.. Chromosome, nuclei, MNucleolus, ribosomes, cytosol,
Location mitochondria and chloroplasts mitochondria, and chloroplast
i Constant in each cell of same Variable from cell to cell
species ‘
| Role Heredity Protein synthesis

] CRITICAL THINKING =2 s ol

12. Relation between amino acid and protein is similar to the one found between:
A. Thymine and uracil B. Glucose and fructose
C. Nucleosides and nucleic acid D. Nucleotides and nucleic acid

~ CONJUGATED MOLECULES

* Two different molecules, belonging to different categories, usually combine together to form
conjugated molecules,
Components Molecule

Cellular secretions, Inte gral
Egg albumen,

Enzyme, Hormone, Transport protein, Structural protein,
Receptors.

B s part of biological membranes,
arbohydrates

Proteins

Glycoproteins

Carbclilizgg:ws + Glycolipids Integral component of biological membranes and brain.

White matter of brain, Myelin sheath of nerve fiber.
Found in _I‘lh(r‘.'mmc. chromosome

7 [n'fnlvcd In regulation of gene expression.

Lipids + Proteins | Lipoproteins Mllk' Blood, Egg yolk ~membrane, Cell .-
: 7 Chloroplast of plant, Bacterial antigen and viruses.

Nucleic acid +

Histones Nueleohistones

KETS - PREP BOOK &8
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COURSE CONTEN

Introduction to Cell

L]

- Compare the Structure of Typical Animal and Plant Cell

o  Cell Wall

. Plasma Membrane

. Cytoplasm

. Cell Organelles: Ribosomes, Endoplasmic Reticulum, hulgl Complex, Lysosomes,

Peroxisomes and Glyoxisomes, Vacuoles, Mitochondna, Plastids/Chloroplasts, Nucleus
Compare the Structure of Typical Prokaryotic and Eukaryotic Cells
INTRODUCTION TO CELL

* The cell can be defined as “the structural and functional unit of life/living organisms® and
15 the smallest unit that can carry out all activities of life.

. After the discovery of the'cell in 17® eentury, a lot of information has been collected by
different researchers. This information has been summarized in the form of cell theory.

. The contribution of different scientists in the development of cell biology and emergence
of cell theory 1s listed in the following table:

| - Scientist ear ~______ Contribution o
e~ RiHooke 1665 | Discovered the “celll.
' L. Oken 1805 Believed that *all living things originate from or
consists of vesicles orcells’.
J. B. de-Lamarck | 1809 Expressed the idea that “nobody can have life if its

consthituent parts are not r.;.llul:u' tissues or are not
I Iurm:,d h\ u,]lular tlssu-:s -

e e WA

, AT | anulatad cellihemj,
™ML Schleiden 1839 Formu]ated celllhmry

RN TSSS)

rT Schwmm 1339

T it in Virchow's words: SO cellmlaecelinl |

| L. Pasture 1862 Experimental proof for Vlrch{m hypolhesm by
demonstrating that bacteria could be formed only
‘ _ | from existing bacteria.
- A Weismann 1880 « " All presently living cells have a common origin
“ . because they have basic similaritiés in Structure
i l | and'molecule etc. .

. The generally accepted postulates of modem cell theory are as follows:
1. The cell is the fundamental unit of structure aml function in living things.

2. ORESs arc
3. Cells arise from other cells l.hmugh cellular dn 150N,

MICROSCOPY

o AHERONEE (Greck ORI - SEOPERRONOORIE) is an instrument for viewing

objects that are too small to be seen by the naked or unaided eye.
KETS - PREP BOOK
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m_m 15 as mmpar:d to the real H.
e e ot

'« Résolution power of human naked'cye is |

Resolution is defined as the :liu]hy to |
distinguish between two separate points,

. : 1.0 mm. ‘
MHeoscape 15 about e qurawm
. maked®§c (on average). microscop< 15 250nm.
. Magmf\mg power ofm + Resolution power of electron microscope
15 upto TOMN000XT is 2nm. o

Cmnp:nsnn of nghl & Electron Microscope

s which are described in the foll

Larp,u than "Qﬂ nm

| Smaller lhan 200 nm

Living/ / Dead

Dead

‘Qpeimosphiek:) | yaguuh

Twpes of Electron Microscope

. There are two main types of electron microscope i.¢.,

ing EM (SEM).

[ransmission EM

rransmission EM (TEM) and

aCanning

| Itis passed through the specimep. | Itis reflected through the specimén.
.
' Transmitted ' Reflected
Thin sections of specimen Scan the surfaces F
Somewhat lesser Greater
) | Used to see internal structures of cell rUscd to see surface details of cell
Cell Fractionation

medinm.

is the combination of
mgm:llﬁ and other components based

various methods used 1o separate the cell
upon the size. density i density of the

| SN s of W . VRO ond

——
T
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A. A=2, B=5, C=4, D=3
C. A=3, B=5, C=4, D=2

v
Plastids x =
Glyoxysomes " _,"f -
Centrosome (Centrioles) &
Mitotic Apparatus Spindles + Asters Spindles Only
Direction of Cytokinesis Outwards — Inwards Inwards — Outwards !
Lysosomes =N g
| Flagella v L
Phagocytosis v X
Position of Nucleus o el Central Peripheral
Mode of Nutrition i Heterotrophs Autotrophs
Vacuoles Small and many Large and single
| Smﬂﬁe Products Glycogen Starch
| Cellular Shape Do not have fixed shape Have fixed shapé
' camica mmua‘a - 2
u f 1. Select the correct answ er using the codes given below the list:
l Sub-structures Functions S
I| A Nuclcgome 1 | Cell adhering junctions |
!‘ B | Tubulin 2 | Battery of degradative enzymes |
! | C | Desmosomes | 3 | Structural units of chromatin
I' D | Lysosome 4 | Protein units of microtubules
| S | Oxidative phosphorylation

B. A=3, B=4, C=1, D=2

D. A=2, B=4, C=1, D=3

2. Suppose plant and animal cell having same rate of metabolism and similar
physiology, in spite of these conditions, number of mitochondria are more in
animal cells as compare to plant cell, what can be the best reason to explain this?

A. Animal cell is very dynamic
B. Animals is having only one source of energy

C. Animal cell is without cell wall
D. Animal cell is having small vacuole
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. It is the outermost non-living covering present in plants, algae, fungi and prokaryotic
cells while absent in animal cells. This is PrOBEBIY due to theirlGEoMBIGRNMOHSERIEEY

. The cell wall of plant ¢ell is different from that of prokaryotes, bothvin structure and
chiemical composition. Prokaryotic cell walls lack cellulose; its strengthening material is
peptidoglycan or murein while fungal cell wall contains chitiny '

. It is secreted by protoplasm of the celband has vanable thickness in different cells of the

plant. ‘ :
o Thecell wall is porous (caédpis) and SIGWS TS passagerc rwarer and TSSERERRREHE.
Structure

The plant cell wall consists of {HFSSMAIMNEYER which are |primarywall. FHiddEIEHEN
and decondary wall. '
(i) Primary Wall
The primary wall 15 a'true wall and develops in newly growing cells. Some plant cells
possess only primary cell wall such as leaves, storage cells and young growing cellsyThe
prnmary wall 1s composed of the following material:

. Cellufose micro-fibrils arc arranged in a\grisscross an‘angeme:;h The'microfibrile are held
together h)@}rdmgen bon@ 10 provide high tensile strength.

. Some amount of pectin and hemicellulose is also deposited in it.

. The outer part of primary cell walls of plant epidermis in usually impregnated with cutin

and wax, forming a permeability barrier known as plant cuticle.
(ii) Middle Lamella Tolse oot LN
The middiedamei ! i< fifst to be forthed in Gétween the primaryiwalls of the neighboring

“eells.
. It 15 Tormed o sticky gel-like magnesiuth and caléii fsals and b\\ ‘hich help to stick
the neighboring cells together | T

- 1'_'? %‘-\iﬁE_E-ﬁu?.
W SNig

Middle — /, Poctin
Larmiella .‘l: : e

Cellulowe
Microfibeil
Prirmary
Cell Wall =
Flasma Hesmicel lubose
M e ane :

(ili)  Secondary Wall
The secondary wall is formed between the primary cell wall and plasma membrane and is

formed when the cell is fully grown. It is comparatively Wil and Wil as compared to l
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Functions of Cell

Cell wall s very important. It performs following important functions:

(i) It provides a definite shape 10 the 2o Sy _ s o1acst in KBGO
(iij) It prevents the cells from osmotic II"S'S:r when cells are placed In ypo temal

ironment. ‘ y - . o
(i) ft“;xfides profection 10 inner parts of cells and does not act as a barrier 10 the materials

sing through it.

PLASMAMEMBRANE
. Plasma membrane 15 the daj}i' ufpmtuplﬂﬁ'ﬂ'l It is found in all living prokaryotic
eukaryotic cells

Plasma membrane is about 7 nm thick.

L]

. Chemically, it is composed of:

> TEOEHS{E0S0TN

- Small amount of carbohydrates is also present in the form of glycolipids and
glycoproteins,

. Many biologists contributed to establish the structural organization of the cell membrane

by developing various membrane models, the most familiar of which are umit membrane
model and fluid mosaic model.
“Unit Membrane Model
. ¢ This model was presented by UIDERARGBERSGEH in 195908
. é-}ccordin_g to unit n.lemlf::ranc model, the cell membrane is composed of lipid bilayer that
1s'sandwiched between inner and outer layer of proteins.

. This $lmctun: has "y € o , AT
ecul 1 2 hydraphilic’ pa nent of phospholipids and
globular proteins covering both sidés as shown in the following diagram
Cell exterior Yy - ™
o

ngnt 1.c. cenirainGn:

Membrane proteins

; “*‘"‘|“ .‘I‘ - |""u';.,}
F‘.‘.Ill‘flflﬁlihl |' i !J'I u.' | 4
|I|E',“ PSR R
i ' L ALY R bR AR A T A
\ Jl'\'t" M '*“.'“Ei" ":“'

|
s 0 i
J an
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; ; Periphenl
protein Channe prodein proben

Role of Different Molecules
s form Wi

il |

" BT,

= helps to u-‘"' thisylisilbiliagr.

- ey allow o pamoalagmsleenlc ofigifo GFRESINEpIas ane t

* ftemact with a speciilc mo L ::rr"- s0 that {-S

3. The function of channel proteins in membrane is to:
A. Transport phospholipids across the membrane

B. Act as receptor molecules which can bind to ligands
C. Permit the diffusion of specific substances through the membrane

D. Bind to a substance on one side and release it on the other side of the membrane

They perform metabolic reactions
ation of ATP to cAMP, a second
GEli@n, such as transferring inta'cells the

gl

ine because they cannot pass through the

plasma membrane.

*  Some % in the Piasmammembrgne act as VEEEPIOR and TEEEISIENR s from the

fycoproteins and glycolipids arc found on cell surface and help in recognition. Mostly
these molecules act as cell surface markers.

Transport Mechanisms across Plasma Membrane =

*  @ell membrane is a differentially permeable or selectively

allowing ofily the selectivesubstances 10 pass through 1t.

i ne,

* ASGBESGDSH . o> WTOUEIEElmenbrn TSSO

mh“ being charged particles have some difficulty in crossing.
and Active Transport —
7 velhivi o sl

) Fassive T ransport -
- Alonghec ent i the concentrali Sy
[~ Downhill movement ' Uphill u’tl'i’WE
ﬁfﬂﬂ" ] oy ] 1% 'ﬂfﬁ'ﬂ ENETEN
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Diffusion and Osmosis
. Movement of solute molecules from

concentration is called Jifjfs c.g. =
movement of respiratory gases. :thelial cell (as in a
. Movement of water molecules across the ﬂbﬂ;ﬁ in 1srmll] intestine) ‘1“1 is

membrane from higher water potential to
lower water potential is called osmosis.
Facilitated Diffusion

. It is a type of carrier mediated transport | ' ’thﬂb-
in which TOIEEUIESDY. from Higlieneoncentiaton to S '

specialized for absorption of various
substances.

of ¢

F k)
Simple Channmel medizted Carrier medisted Active
difTusion diffwsion diflasion
A B i E

I i1
Paszive transport
(facilitated diffusion)

i mm.‘mﬂaq s ——

4. Carrier molecules fmj performing their t‘uncﬁunralwaﬁ required configurationally
change, of course this change requires energy which is provided by the system or

cell, for Passive transport, configurational change also requi i i
e g requires, who will provide

g, {S:yslalem or ce_li i B. Molecule itself
. Camer will use ATP D. Non-metabolic energy by the system

Endocyiosis and :n-r:j-m |
o  TAEESGIREERE: 2long theinfoldings of cell membrane in |
. . in solid form i - -
s - - m s called phagocyrosis while intake in fluid form is called
. -nstltf:pmcﬁshy vhich cells remg
extracellular fluid. Exocytosis occurs When a
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Phagosome.
(food vacuole) Cytoplasm

Some Other Functions of Plasma Membrane
Plasma membrane regulates cell’s interaction with its environment by controlling

transport of materials across the gell4Transport across plasma membrane occurs 10;

Obtain nutrients
2, Excrete waste substances
3. Secrete useful substances
4. Generate ionic gradients essential for nervous and muscular activities
5. Maintain a suitable pH within the cells for enzyme activity

— CRITICAL THINKING'SD e —

. Which of the following compenents of plasma membrane is involved in the
tnhl_ncemtni of cell surface area? ‘

A. Cilia B. Microvilli

C. Dﬁm&s&mts‘ D. Gap junctions

. The uwd_cytuplasm literally means “living gel of the cell, and is described as the region

bambﬂ“m uuclm membrane and plasma membrane. This is the non component of
o nwandnhmﬁcmg,
s major dlrrmt_bf!:“r&“ the cyloplasm of these two fundamental kinds of cells s
. Thepili’s;‘m or ?Iﬁfm: of cytoskeleton and membrane bound organelles.

e “ﬂ%ﬂfﬂwﬂumwmmmmwwﬂwm“
*  Cytoplasm consists of an :

and other “:Tmm ofan &qumus ground substance containing a variety of cell organelle

usions such as insoluble waste and storage products.
i‘
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() Fundamental molecules of life  + bbobAis _ocw®

(iii)  Cell organelles wfn bjfisﬁ'l .

(I Cytosol -
It is the soluble part of cytoplasm. Chemically, it is about 90% water and forms a solut;

containing all the fundamental molecules of life, i.e., amino acids, sugars, W‘.’f
nucleotides, vitamins, salts and dissolved gases.

2} Fundamenta) Molecules of Life

o Some of them are inNonieForm. :

o Small molecules such as'salts; sugars, amino agids, fatty acids, nucleotide, vitamifis anc
Jizsolved gases form frue solutions.

3 5o ¥ large molecules such as proteins form colloidal solutions. Colloidal solution may
be sof (non-viscou: | or gel (viscots).

(iiiy  Cell Organelles 3
In living cells, the cytoplasm contains several cell organelles such as endoplasmic reticulum,
mitochondria, Golgi complex, nucleus, plastids, ribosomes, lysosomes and centffoles.

Function of Cyvtoplasm
The most important functions of cytoplasm are:

(i) It acts as a store house of vital chemicals.

(i) It s a sife of certain metabolic pathways c.g. translation, glycelySis, glycogenolysis and

(iii) A circular streaming movement can also be observed in cytoplasm due to the contractile

activity of microfilaments. This movement is called Cyclosis which is responsible for
distnibution of cell contents in cytoplasm.

An organelle is a sub-cellular structure that has one or more specific jobs to perform in

the cell. much like anforgan does in the body. Prokaryotic cells arc eqiipped wi
type of organglles while cukaryotic cells are equipped with much different ﬂf
organelles, forming true division of labor in these cells. '

“on-Membranous single Membranous Double Membra:

Scanned with CamScanner




PMC ‘Topic-4 Cell Structure and Function

—_—

v of Organclles

Ribosomes - | George Emil Palade

"Centrioles | Edouard Van Ecncd;-n
Cytoskeleton Nikolai K. Koltsov, )

Endﬂplaimw Reticulum | Keith R. Porter, Albert Claude. Hmd;-r,ri Meskers and Emest F. Fullam
Golgi apparatus | Camillo Golgi :

| Lysosomes | C.R.DeDuve
| Peroxisomes s | C. R. De Duve L
Glyoxysomes i -{Vlwlnm Beevers e Eh
| Mitochondria Albert von Kolliker e
Il Nucleus Rpd F'.ul:'n.n Brown " .

C hemlcnl ’(“ om pmmun CRITICAL CONCEPT!

Ribosomes Found in Organelles:
Being organclles of prokaryotic
origin, il

. Ribosomes are ribomiecleo- proteins particles

. Ribosomes consist of RNA"and proteins in
dlmost equal proportion:

Assembly of Ribosomes

. Ribosomes are dssembled in the nucleolisy

. From nucleolus they are transported to the
eytoplasm through nuclear pores.

Form and Physical Structure

. They exist in two forms, ecither dispersed in the u’tnplaﬁmil:rr attached with rough
endoplasmic reticulum (RER) as tiny granules. Ploure A Buﬂﬁ-ﬂc-.i .
. Ribosomes consist of twe subunits: larger subunit and smaller subumt.
> o The Lf‘ unmmllcd_by the cmm-:i.'uralh:-_n or i
between plioSpliEeseroun of B and amino group of amino acid or both by Mg™ and
L <= salt bonds. o - } - & UnnsTy

' erg).

E1b-|::5mm:5 are attdched to 5 end of mRNA through smaller subunits.

Larger "-uu]iullll "-m |]h| Subumit

Prokaryotic Ribosomes

Sm.ﬁ.lh;r 708 s 2 2
_ Eukaryotic Ribosomes 1 Larger, 805 Tes Y6057 _ i
Functions > Ses 1w 2\ 2 0 Tlo$ = falecs —Em: '~'-s1I b-gtﬂfln-
. Ribosomes are the factory for protein synthesis (translation).
. A group of fibosomes attached to mRNA is known as pelysomé orpolyribosome In this
way, several copies'of same polypeptide can be produced injvery less time:
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ribosomal unit during translation in mitochondrial

RNA binds with
matrix.

A 308 B. 605
C. 508 . D. 405

Erconnecied network of cisternae/elongated closed @88 which is generally
e!tﬂ:nded from nus,ltdr membrane to Lhr: plasma membrane throughout (:}'tﬂplasm of all

. Tl'i-e:. vary in appearance I'Tc'-m ccl] to ccll *
~ Cistenae,re Sphierical o wbulEF membranes which separate the Taleralipresel in these
//‘ “5 from that of'eyloplasmic materia!.
- In skeletal and cardiac muscle cells, the modified form of SER is known as sarcoplasmic
reticulum which is specialized for storage of Ca™in their lumen. If many ribosomes are
attached on the small parallel cistemae of RER, then it is called Eigasfoplasm In nerve

cells, the ergastoplasm is known as Nissl's granules/bodies.
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PMC Topic-4 Cell Structure and Function
Types and Functions

There are two morphological forms of endoplasmic reticulum; RER and SER. .
Features Rough Endoplasmic Reticulum Smooth Endoplasmic Reticulum

Ribosomes are attached with their | Ribosomes are not attached with

i mes )
e outer surface their outer surface

RER i Jdireetif connected with SER is fOBdireeti connected with

Connection with

the nuclear

suter nuclear membrane
membrane ‘
' Stability More stable structure Less stable structure
Mainly composed of tubular and
Composition Mainly composed of cisternal form I
Relative '*‘1‘“%';‘,","5"" ni:cmnm i Abundantly occur in the cells
abundance in o sl concerned with glycogen and lipid
body e o metabolism
: synthesis and §ecretion

b

Eﬁfmple of

Liver, pancreas and goblet cells ctc. | Adipose tissues, muscles etc.

Tissues/organs
| _ - : » Metabolism of various types of
|  Protein synthesis/Translation. ‘ _ d A
u =Y. A molecules particularly lipids.
| After synthesis, they are enther | - Gl =
= - : e Involved in detoxification
Functions stored in the cytoplasm or

i : ‘ harmful drugs.
| transported out of the cell s ;
+ Transmission of impulses

through these channels _ ‘
s Intracellular transport

d camea rinkine R |

7. Which of the following will not be channelized through RER?
A. Immunoglobulins B. Thyroid stimulating hormone
C. Interferons D. Arginase

8. Which of the following statement about the endoplasmic reticulum is correct?

A, It is involved in Glycogenolysis
B. It consists of a collection of unconnected vesicles
C. It is continuous with outer mitochondrial membrane

_ D. It contain enzymes for the breakdown of cellular organelles

9. Which type of membrane is most abundant within a cell?
A. ER membrane B. Golgi membrane
C. Plasma membrane D. Nuclear membrane

__J- s

Scanned with CamScanner



L PMC Topic-4
General Functions of E.R

] They provide mechanical support 1o the |
cell, so that its shape is maintained
. They are also involved in transport of
materials from one part of the cell to the |
other, :
. Fragmented elements of disintegrated nuclear membrane and tz-ndnplammc iculym
arranged around the chromosomes to form nuclear membrane during cell division.
-

All membranous organelles except mitochondria and chloroplast are formed by
endoplasmic reticulum. :

l_ ___Location of Ribosomes
' Membrane Free Ribosomes

| Soluble  cyitsol . Exlirinsic
' membrane proteins, Localized to the
cytoplasmic surface (e.g., actin, spectrin), |
| Mitochondrial and chloroplast proteins
encoded by nuclear DNA, Peroxisomal
e M R | proteins — '
ER Membrane Bound Ribosomes Secreted | proteins,  Integral plasma
proteins, Lysosomal proteins, ER proteins,
Golgi  complex  proteins,  Extrinsic
membrane proteins localized to the extra-
| eytosolic surface (e.g., Fibronectin) -

Vool el =
. Single ¢isternal sac is called Golgi body.
Stack of cisternae sacs is called Golgi apparatus.

= Stack of cisternae sacs with associated vesigles is called Golgi complex

. Golgi apparatus in plants is called Di:;'t_wsnmezs which arciiSsdem of il
Structure = t'x,v'-E.‘ ) L.%tu,:'i. _ h 4 Ciglen nat 128)
. Golgi apparatus is a stack of I‘]a.llc?:ed%?éﬁs?;}nc bnn|:§ sacs called c.:;,e,a-,;:;“&

. Golgi complex is a complex system of fhterconnected tubules around the central stacks.

. At one end of the stack, new cisternae are conglantly being formed By the fusion of

L&Qa_‘;{.;ﬁvesicles from the SER. [ \S"mra[ 6“‘1 '
-

Golgi apparatus has two faces i. ! o and wm

. Forming face (convex) is outer face also called as ‘cis face” Vesicles that bud off from smooth
endoplasmic reticulum -m:(ﬁhﬂhngﬂl'm to form cistemae of Golgi apparatus at forming face.
. Maturing face (Goneave) is finner face also called as ‘tran »' . Secretory granules

Folgi vesicles are pinched off from maturing surface. . .
Sy o
KETS - PREP BOOK ‘ 82
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Functions iy e ‘b 3‘*"““‘1 Q“wl
. The main function of Golgi bodies is the cdl'm.—{_, SLW %ng L ﬂhltﬁ
. They are involved in modification of urowickors )
molecules. Muost important g == | e—
' L
modifications are  addition of §
carbohydrates into proteins and —
lipids and subsequent synthesis of | m Ih..al -
glycoconjugates. || "pEekEg:, and
. (\During cvtokinesis in plant cells, | includes the
these are involved in formation of ‘d;;m-lml
phragmaoplast. \ N\ fcich 7
. An important I'unc‘tu}n ul' Golgi b] ' \ﬂ : o
apparatus 1 (h Y formation of primary sos , . ;
. s
ormation afn:rmmr dunn g spmmmgenesls_ & 3
Pathway and Fate of Processed Vesicles hbd:l *op
Ribosomes —» Endoplasmic reticulum—>Transpert vesicles—> Golg apparaius '
Packed inside a membrane Modification of m; nd
and converling them into
Golgi «—

=T Ve Wﬂ A

10. Golgi apparatus hlmvolved n proces

A. Salivary amylase

C. Phenylalanine hydroxylase
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PMC Topic-4 uﬁtﬂa\m : “"‘“"‘* M ﬂ
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o T ot wwlo il . [Boieu'ls tesied

Introduction Les ol
L] Lm{[,mzﬁ }mw“mmmhwhu“hn | -.'
mmnslmhrruucmlise:cqn B\ and arc different from to

morphology. 1949,
. These werd isolated as m“immbmn
Structure » - R, sphe.

. mmmwmmmmﬂdhya and are simple
sacs (vesicles) nich ifacid phosphatase and scveral other digestive or k}ﬁﬁ;ﬁ:m

@boULA0) |1k carbohydrases, lipases, proteases and nucleases.
b mmmmsmlhcmrrdnnﬂ]iﬂmdmfmlwrmsedlnihcﬁﬂg;m
ey \vﬂﬁ“‘ﬂ processedl enzymes. arc budded off as Golgi vesicles and are called |

-5 Thes, afe N2y HﬂM’LE Lbﬁ;
@'h..,_f \r-ltﬁ'mndzq Iysosomes are formed by the fusion of primary lysosome with
known as plisgosomey phagocytic food vacuole).
Cr o Mertiary lysosomes or residual bodies contain undigested material after the absorption of
ha{,n\.i.m digested food into the cytopiasm. In unicellular organisms, these are removed outside of
m—,.’i cell by Enucy‘tmn while n . these are as

weBs esetes -::’-.Jgﬁ-x" Scl i,
& Fu s / (? ok ";, . P‘**LLE .
ey nrder to perform its function, the lysosomes fuse with endosomes, phagosomes or
E’ “13( "4 Wfﬂmmﬂ:_

- m.,%% .+ 1h¢ bio-molecules are further broken down into SmallcrmOH0MENs) - ich are then

o | of lysosomes include intracellular digestion, autophagy, m, ol and
s-:-m:ume:- rdmnf extracellular enzym. . \ ‘

l.‘-#—"‘““} Durmg * tood particles are stored in Jood vacuoles which will fuse
st e with lysosomes, the resulting

structure are called
P .2 Hiizing t digest < walled secondary lysesomes in which food
B The d - are absorbed by the ‘eytoplasm while the remaining wastes
. “ fuse with the cell membrane (exocytosis) 1o

- During 4 ) -_-..hm a parlxular cell is required to be grated,
of cell death is commi ' e s

_.calldm.ﬁmisam ramm:d‘r::ﬂm which
lysosomes burst and their enzyme contentd are o

* - t the
dytoplasm, thus disintegrating the cell into fragments which are pl hmugtu:;; e
other cells. phagocytosed

- T

e e —
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ey
Lysosomal Storage Diseases B Aiseeaen  oe olle sormod  Beresasue .
. Several congenital diseasés have been found to be due to accumulation within the cell of
substances such as glycogen or glycolipids. These are called storage discases/\REySuSH
. These diseases,arc produced by a mutation that affects one of the lysosomal enzymes
involved in the ::amb-u]iam.

sease, (he 1ivenand WUsSele appear to befilled with glysogen

e < _ within m El-nund m&s In this disease, an enzyme that degrades glycogen to
ok 1 glucose is absent. Q} {q‘—*jiﬁf: (CEEL \?EF‘W‘“‘* obsey 5 B- Hexegimineal -

\ o Tay-Sach’s disease is because of absence of an enz}m;rh.at is involved in the catabolism

" of lipids. Accumulation of lipids in brain cells leads to mental mtm!aﬁﬂn and even death.

~ PEROXISOMES AND GLYOXYSOMES

Peroxisomes and Lh oxysomes are collectively called as microbodies.

They are similar to lysosomes in the sense that they are single membranous, vesicular
structure. They contain enzyme (although different than lysosomes) and are smaller than
lysosomes, having diameter of 0.5 pm appmxunatel Y.

FEATURES PEROXISOMES G I".Hi.‘g'-alnil 8
Ptenmtmn!ltypenfﬂwt ] ' 1]
Panm “catalase, glycolig
Enzymes acid oxidase etc.
| “Detoxification of alcohol

4 . Formation and decomposition
Role -urm

B Do © i e
1Y 1y toled

T
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: 1 and an mner one formin ‘infoldings -
o w [Ny e

VACLOLES
) : et from the endoplasmic reticulym

i ?;:fﬁ:frﬂf 'IEII::;' m:c::;mm in p!ani and animl cell. .‘

gﬂ;ﬁm separating the vacuole from cytoplasm is ""‘a"'_’d ,m‘""ﬁ"l‘_‘“ |

lh plant cell, a large central vacuole 15 present .thal.t 15 fo,w b:’ coalescence of o

vacuoles. In animal cell, small but numerous vacuoles are present.

Copniragde

Animal Cell

Functions
. In animal cells, food vacuoles are formed by phagocytosis. Many freshwater protists have
contractile vacuoles that pump excess water out of the cell,
suitable concentration of ions and molecules inside the cell. .
. In young plants, many small vacuoles are present which can hold reserves of Important
organic compounds. These vacuoles may help in protection of plants against herbivores
by storing compounds that are Poisonous or unpleasant to animals.
. Mature plant cells contain a central vacuole whi
reservoir of inorganic ions and metabolic interm
cells without diluting their cytoplasm
They maintain the cells’ turgor, responsible
leaves and young parts of the plants.
7 MITOCHONDRIA
roduction 5 "\-EQ\M ot e T
) ~iThey are also called as
= organelle in cell.
Thtirtﬂ Eﬂimm vary from one m“m thou ﬁﬂ'l’ ner nending upon the
* "physiological activity of the cell. ¢ .,mﬁ‘aqu ' mti a“@mdi? =z‘t'-’§‘i’- g
They are self-replicating, contain circular DNA ;'-f the total \DNAISHEENN:nd
5Y ribosomes: thus, some PGS a v also be ssizedin then,
The diameter of mitochondria is 0.2-1.0 um while length is 1-4 pm
clure
¥ When scen under eompound microscope they appear av vesicles. rods. filaments
When seen _ then it shows tha they are bounded by two
£ which somewhat like a sieve due to presence °f

thereby maintaining a

ch contains cell sap. It is plant’s main
ediates. They serve to expand the plant

tor mechanical support, and rigidity of the

™ !.

|  SoA© (REES — i ¢ et 4, o8
power house/battery/furnace of the cell and busiest and acffve

¢= porins |

-
e &=
- PREF BOOK
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The inner surface of cristac has

actually ATPSYRIGSE) ‘*ﬁnﬁu gyt €
. In addition, several other complexes are also found in the cristae, which serve as m
carriers in ETC.

. 1he inner membrane divides b —n inte . The first
is the infer-membrane space, the narmow region between the innet and m
. The second compartment, mitochondrial matrix, is enclosed by the inner membrane.
. Mitochondrial matrix contains siall circular DNA, all kinds GFW
| enzymies, co- enzymes and orgamcandmrgmwsaui

11. Whlch organelle cannot melahnhzc the mh acids?
A. Mitochondna B. Peroxysome
C. Chloroplast D. SER

Inner In:ermeﬁhrane' Matrix Quter
membrane space ‘ membrang

FOF1-ATPase-]

=F1 poribon=—y
Functions Lwﬂ.mmf 03 ) e
. They are the sites of m ATP. TTP. GIP, and CTP all ha'ving

(espirmaon. |

. Enzymes in mitochondrial ‘matrix help in §
. metabolic processes like pyru vic acid oxidation, Krebs qntft aerobic resprmﬂnn and

farty acid metabolism\These proceﬂu’y from the Siganiedobd and GERVEH

them intGRAER, anﬂd which provides Emgigy 1o Ih-nn demand. }

. AR is TEEenered by rltochiondria int SUNER. Osed 0P
12.  Itis related with mitochondiia: :

A. chlmalion of ATP symhm gene  B. Glycosylation of albumin
C. Conversion of a hexose (o triose D. Porphyrin synthesis

energy in their phosphate bonds.

)

-
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PLASTIDS/CHLOROPLASTS
Plastids arc found in plant and algal cells, and they are necessary for essentia)
processes like photosynthesis and food storage.
. On the basis of presence or absence, type of pigments, and stage of development, p
have been classified into proplastids, leucoplasts, chromoplasts, and chloroplasts,
Proplastids 1 s
. They are young, immature, self-replicating and developing plastids.
. They divide and re-divide in Meristematic cells and are distributed to different cell types,
. Depending upon the structures in which they found, the intracellular factors and on g
exposure of light, they may develop into leucoplasts, chloroplasts.

Leucoplasts
. They are colorless and found in parenchyma cells of root, stem and seeds.
. They are triangular, ubular or of some other shape. .

. They store food, e.g. amyloplast which stores starch, elaioplast which stores lipids ang
proteinoplast which stores proteins.

Chromoplasts

. They impart colors to the plants other than green.

. They are present in the petals of the flowers and in the ripened fruit.

. They help in pollination and dispersal of seeds. 1Y L‘:"; ‘)

 cRITIcAL THINKINGD

Ripening fruits soften due to:

A_ Jelly formation in acidic pH

B. Conversion of starch into sugar

C. Solubilization of pectate of middle lamella
D. Incorporation of pectate in middle lamella

Chloroplast

. These are green plastids, present in green parts of plants like leaves, woody stem and
unnpened fruit coverings. '

. Chloroplasts vary in their shape (mainly discoid structure) and size with a diam
6 jum. -
. Under light microscope they are'hite r -
b . Togeneous structures with small grani lled
grana embedded in the matriy. 1 e

. Each chloroplast is bounded by a smooth double membrahe velope
- et e 3 ! 1oub ne, called emvelope. The outer
membmne i1s like mntl:-cbnndﬁ:a that contains perins and therefore Mm ™
i. small molecules. The sner membrane is semi-permeable and 'rich in proteirs. Between
themm"fmdmnﬁrnmabranc there is inter-membrane space. i
L ta.__’ th ;‘;,E-m.:fﬂ ufthe:}l:m ﬂf‘hﬂ ¢h|m1:l]}155[. contains proteins/ens
or the synthesis of carbohydrates during Calvin eval - '
enzyme i5 RuBisCO. S ——. The o
. It also contains circular DNA and 70S ribosomes, so proteins are also synthesized

Presence of these substances indicates that iy i@:mi-aumm ' anell:')
——Onomoys organel

KETS - PREP BOOK
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The stroma contains a system of chlorophyll bearing double membrane, flattened s c-like

™ —
structures, called thylakoids, which are of two types i.c., smaller thylakeids and larger
. Smaller thylakoids are disc-like sacs which are piled over one another like stacks of
coins. Each stack of smaller thylakoids is called granum. Each granum consists of 20-50
thylakoids and there are about 40-60 grana found in each chloroplast. Photosynthetic
pigments are also found in the membranes of smaller thylakods.
<. Larger thylakoids connect the grana with each )
other and are also called Imter-grana. These fF — . 3
membranes are colorless and do not have || Chloroplast energy can also be |
pigments, thus non-photosynthetic. used b}',the cell.
. (E{emhraneg)uf@rana"ﬁam Sites—where—sunlight —
COSIgY is :mnzjimﬂ ATPis formed.
. Chloroplasts are{self-replicating nrgan“fllcs} s
Function of Chloroplasts
L]

It is the site of Fhﬂfﬂs_}*ﬂlﬁﬁis mn plant cell, hence making them the most important
energy transforming organelle of the eukaryotic cells.

NUCLEUS

Introduction

. It is the most prominent and most important part of the cell, also called as brain of cell.

. They are visible only in non- dividing cells.

. In animal cell, they are central in position with exception of skeletal muscle fiber and
nd;pnslc cells. In plant cells, they are pushed to periphery due to the presence of large
vacuole. - -
They may be irregular or spherical in shape.
A cell containing single nucleus is called momonucleate, two as binucleate and with
mnmihm_:mnasmum“d:ﬂe. It is absent in some eukaryotic cells, such as mature
phloem sieve tube clements in plants and mature RBCs of most mammals; hence these
cells are called anucleated, : ‘3

Structure

L]

A typical eukaryotic nucleus consists of nuclear envelope, nucleoli, nucleoplasm a
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A)  Nuclear Membrane

the cytoplasm.

- The outer layer is continuous with the
endoplasmic reticulum and the inner one

encloses the nuclear contents,

Each nucleus is covered by two parallel
membranes with a space of 10-15nm
between them. This space is called
perinuclear space. This arrangement of
membrane is called as mwclear envelope
which separates the nuclear matenal from

. These membranes have same structure as per fluid mosaic model.

B) Nuclear Pores

Nuclear pores result from the fusion of outer and inner membranes. They are composed of

. They act as a gateway for the exchange of

materials with the cytoplasm.

. This exchange includes RNA and ribosomal proteins moving from nucleus to the cytoplasy
and pmtcins‘isuch as DNA polymerase), carbohydrates, signaling and lipids moving into the
nucleus. Although smaller molecules simply diffuse through the pores, larger molecules may
be recognized by specific signal sequences and then be diffused with the help of nucleoparin

into or out of the nucleus.

. Their number 1s variable depending upon the differentiation of the cell ie

undifferentiated cells like eggs have

30,000 pores/nucleus while erythrocytes, wel

differentiated cells have 3- 4 pores/nucleus.

C)  Nucleoplasm

. It is transparent semi-fluid ground substance.

. It contains DNA, RNA, proteins, Mg™
RNA polymerase).

ions, free nucleotides and enzymes (DNA ad

J cmea rmve |

I14. Part of eukaryotic cell where formation and action of primase takes place

respectively:
A. Nucleoplasm and cytoplasm
C. Cytoplasm only

D)  Nucleolus

» Nucleolus is non-membranous, dark]
or more in the nucleys.

It is usually attached to the chromatin at

B. Cytoplasm and nucleoplasm
D. Nucleoplasm only

¥ stained body within the nucleus, and may be one

specific site called nuclear organizer region.

They appear during interphase & disappear during cell division

L]
- RNA (rRNA) 1s synthesized and stored in it
H Nucleolus is composed of two FERIONS: peripheral
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It is the factory for ribosome synthesis,
E)  Chromatin & Chromosome
. Each chromosome is a thread like structure resulting from organization of chromatin
matenal during cell division.
Chemically chromosomes are composed of DNA and protein/histones.
Under compound microscope they appear to be made of arms (chromatids) and a
centromere, the place where spindle fibers are attached during cell division.

1

. Centromere/primary constriction is the place on the chromosome and Kinetochore is a
place on centromere where spindle fibers are attached durin g cell division.
L]

Based on the position of centromere, chromosomes are divided into four categories which
are shown in the following diagram.
Satellite

Metacentric Sub-Metacentric  Acrocentric Telocentric

Chromosome Number In Different Species

Species Diploid (2n) | Haploid (n) | Species Diploid (2n)
Man a6 [23 Frog |26
Chimpanzee | 48 i} 24 | Drosophila__| 8
Onion 16 8 | Potato 48
Garden Pea 14 7 Pigeon 80
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Functions

. It controls all the metabolic activities of cell.

Differences

'Well Defined Nucleus

It has all the genetic information in a cell.

Nuclear Envelope

NI nuciear me

CRITICAL THINKINE R

15. For DNA replication energy comes from:
A. System or Cell
B. Breaking of Phosphate group of nucleotides
C. Enzymes provide energy

D. Only ATP can provide energy

Absent

Present

DNA

Submerged in cytoplasm

Present in nucleus

Type of DNA Circular DNA as nucleoid Linear DNA in nucleus
Membrane Bounded '
Organelles Qe Present
. Small sized, 708 ribosomes Large sized, 808 ribosomes (608
Ribosomes (508 larger sub-unit and 308 larger sub-unit and 408 smaller |
smaller sub-unit) MJ[’;-UHN] 1 I1
Cytoskeleton Absent Present } |

Cell Wall

Peptidoglycan/Murein/

Sacculus Cellulose/Chitin
Sterols in Cell |
thhflﬂ;;- Absemt Present
Mesosomes Presen Absent
Cell Division Binary fission Milnéim‘“\l’*' 4
Histones | Absent Pﬁ:sm} L
Protein in Flagella Flagellin Tuhﬁliﬂ

Example

Bacterial cell, Cells of blug
green algae

 Plant and Animal cells, fungi and

protists

KETS - PREP BOOK
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PMC Topic-4

Cell Structure and

Prokaryotes vs Eukaryotes

Ribosomes

Cell Membrane

- -

Nucleoid

Capsule

Cell Wall

(some prokaryotes)

Flagellum

Cytoplasmic
membrane

Endoplasmic-
reticulum

Ribosomes

Nuclear
membrane
Golgi
Cytoplasm
Mitochondrion
Chloroplast
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COURSE CONTENI
Steps Involved in Nervous Coordination
Sensory Receptors and Their Working
Neurons ;
Reflexes and Reflex Arc
Nerve Impulse
Synapse
Basic Organization of Human Nervous System
Brain —
Spinal cord
Peripheral Nervous System
Nervous Disorders
Chemical Coordination, Hormones/Chemical Messengers
Endocrine System of Man and Hypothalamus
Pituitary Gland
Thyroid and Parathyroid Glands
Pancreas
Adrenal Glands
Gonads
Hormmonal Feedback Mechanism 7
STEPS INVGOLVED IN NERVOUS COORDINATION
The body of an animal is frequently exposed to variety of stimuli in its daily life. For an
appropriate response to a particular stimulus, usually more than one body parts are

mvolved, their activities are coordinated either by nervous system or endocrine system or
both. f 5

Nervous Coordination
[ ]

® ® 8+ 2 8 8 08 8 8 88 s 8 880

This type of co-ordination involves specialized cells or menrons linked together directly
or md:mct.ly via I.he central nervous system, to form network that conneets the cell of
organs which receive stimuli and those which CaITy out actions or responses
. The neurons have the capacity to ' : i ; h

a dpacity to generate and conduct impulses which tra he
iy pulses which travel across the
: Three basic components of nervous system are;
i) Receptors
(ii)  Neurons
(iii)  Effectors

—

e CRITICAL THINKING' R e
1. Pick the example of an effector:

A. Osmoreceptors
C. Limbic system
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A cell or a neuron or a receptor organ which can detect changes in the external and internal
environment of the animal is called a receptor. It acts as transducer because it converts one form
of energy into another form. Receptors are classified based on stimuli as shown below.
Location Functions Sublypes

- | e Detect li « Rodcell
L Photoreceptors Retina of eyes i g_:’:::ihght e Conectll
| | e Changes in
' pressure, position, | » Meissner's
‘ " Skin or acceleration corpuscles
e s Blood vessels |+ Heanng | « Pacinian’s corpuscle |
‘  Equilibrium e Baroreceptors

¢ Stretch

I ' Mostly found in

| | : Detect temperatures | = Cold
Thermoreceptors | the skin 3 P ,

stimuli e Wam
| Hypothalamus - ) ,
. Detection of
o Nasal _ lerilea i PR
s o Jons or molecules | » Osmoreceptors
— epithelium = i p F
' Chemoreceptors P « Smell » Olfaction receptors
; onguc - -
=3 e Taste + (ustation receptors
Hypothalamus it
: s Blood pressure
| e Skin
- Nociceptors « Joints Detect pain
e Intemnal organs

Working of Sensory Skin Receptors

. At least five different sensations are perceived by the skin, i.e., touch, pressure, heat,
cold, and pain.

There are at least three different types of sensory endings concemned with these sensations:

‘ I{rl:cv[ltur Location v Structure | Sensation

Free Nerve o ) -

Emdin:sne At the base of hair. Free nerve endings. Touch
Specialized cellular

i e In papillac which encapsulated corpuscles,

C!:ISS::; :s extend into ridges of Spiral and twisted endings, Touch

gl the fingertips. each ending terminates in a

knob.

Pacinian | Encapsulated neuron | Gy

e Deep in the body. endings. Mostly locatedin | o o0

iy the limbs. scnsafions.

Distribution of Receptors in the Skin L

. Receptors are not evenly distributed throughout the skin rather
specific function.

. Their relative abundance also varies €.8.

are located at the sites o

Pain receptors 27 X = Cold receptors.
| Cold receptors 10 X > heat rece
- FREF BOOK
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NEURONS

. It is the basic structural and functional unit of nervous system. |

. Neurons can generate and conduct nerve impulses which travel across synapses and pg
from receptors to effectors, bringing about nervous coordination. [ .

g Neuroglial cells mostly present in higher animals, play iimportant rql.crlnfv_ trition ¢
neurons and their protection by myelin sheath. They constitute nearly half of the neryoy
system. :

- Neurons once matured do not divide any e : b
further. However, they exhibit limited ff Inability of Neurons to Divide:
regencrative capabilities, only if neural cell Neurons are unsble to divide becil

Slructublilgfl ?‘ilil:‘:iar'i:n they enter in Go phase pcfjnanc-ntly_

Moreover, they lack centrioles thys

A typical neuron consists of: ’ Bk
(i)  Cell body unable to form mitotic apparatus.

(if)  Dendrites
(iii) Axons

Cell Body

. It 1s also called soma, is the chief nutritional part of the cell, and synthesizes materials
necessary for growth and maintenance of neuron.

. It contains a single large centrally placed nucleus with a prominent nucleolus, and other
cellular organelles, like E.R, ribosomes, Golgi apparatus, mitochondria embedded in
cytoplasm.

. The cytoplasm is characterized by the presence of Nissl’s granules which are group of
ribosomes associated with RER and Golgi apparatus,

. Ifit is intact, the neuron can regenerate its axonal and dendrital components,

Dendrites

. These are processes that earry impulses towards the cell body.

. These are usually short, thin, often highly branched cyloplasmic extensions and devoid of
Schwann cells and thus non-myelinated. |

. Axons of other newrons form synapses with the dendrites. They give a spiny look to the
Neurons.

Axons

1 The p TOCESSEs carrying impulses/action potentials avway from cell body are called axons.

. An axon is comparatively a long and thick nerve Jfibre which has a constant diameter and”

can vary in size from a Jew millimeters 1o a meter length.

. It may be branched or unbranched. It termin i
: : i i, ates by branch 0 form sr tensions
with enlarged ends, called Pre-synaptic terminals 4 e o fom axali
. Cellular organelles like mitochondrig microtub
_ » , ules and neurofibrils. R E R \ A%
present throughout the axoplasm of the neuron, " netrfibris, RE RS
. Most of the axons are surrounded by protective sheaths called myelin sheath which i

important for neuronal nutrition protection and prop
¥ | oy ’
Mpyelin Sheath proper pr
. Schwann cells are neuroglial cells in perinhe
- AL Pﬂnpheral nery ol - cnndl
covered by these cells which are strop-like cells that wr; ous systﬂm._ Usually axo
KETS - PREP BOOK - 4P around axon fibres. ;

Opagation of impulses.
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. These cells are also covered by a fatty substance called myelin sheath that acts as
insulator. This is why axons are called myelinated fibres. A non-myelinated part of axon
between two Schwann cells is called node of Ranvier.

Types of Neurons
All neurons vary somewhat in size, shape, and characteristics depending on the function
and the role of the neuron. Based upon function, there are three types of neurons:

(i) Sensory Neurons

. Sensory neurons camy sensory information from receptors 1o associative neurons present in CNS.
The dendrite endings of some sensory neurons also act as receptors.

They usually have single long dendrite called dendron. It is structurally and functionally
similar to axon.

(ii)  Motor Neurons

Motor neurons conduct impulses away from the central nervous system. The dendrites
make contact with other neurons in the spinal cord. The terminal branches at the far end
of the neuron are connected to an effector.

(iii)  Associative Neurons

. Associative (intermediate/relay/inter/connector) neurons occur entirely within the CNS
and connect sensory and motor neurons.

The axon is comparatively thin and non-m yelinated.

They are involved in processing and interpretation of information coming from receptors.

CRITICAL THINKINGDY |
L .T'.['m? of the brain tumors are caused by the uncontrolled mitotic divisions of:
iheunm:r. B. Neuroglial cells
C. Schwann cells D. Leydig cells
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Hlllu Action and Reflex An' .
Reflex action is an immediate, automatic and involuntary """"" -
internal environmental changes/injurious stimuli. -
. thmuﬂwpaﬂlmyommmnrmmﬂmm‘mm“ i
Receptors —Sensory  neuron = Intermediate ncurons —*Motor nﬂﬂ'ﬁlll"' Tectors -
Brings about the desired action.

A g
) A _
3 Classification of Reflexes
. There are several ways to classify the reflexes of the body. Following are the
~ classification of reflexes.
Classificati . :
|:_l.~lL.:; ,VI“:”" Sub tvpes/Working Examples
lnihomz ' Unconditioned | Do not require Learning | Suckling reflex after
c - Reflexes birth |
: Acquired ’ Requires previous Secretion of saliva after
Conditioned Reflexes | leamning ‘ i e
) ' ! H | smelling specific food
Maintain balanc |
l‘ Slmf“ll"ﬂl (.LTLbL“ﬂf | [__‘-. l a ] et ] ; - 5 'C# md
i e | Mid brain | Centre 15 located in Qqu“lhnum
] ’ i L | o | BT ¥ TP [ — ,
' ' I Spll‘iﬂl f’nrli lhﬁ.:'-t, areas of brﬁl" | RL"L"[ L}‘L movement
! = 1 : | Withdrawal reflex
Protective reflexes | Flexion of elbow to
s protect from harmf;
Physiological/ ! Protective/Flexor | Stiol; ful ’ withdraw 1:1::111(1&‘.1;i.v.\'.-"«?!;fr
Functional Antigravity/Extens E i from harmful stimuli |
. Fexiensor | Antigravity reflexes Postural correction and |
\l | protects body against | maintenance |
"' | — Em'\-’ |By'_
. Only one synapse in | ]
Numberof | = S - Ulle synapse in l
i synapses ;‘!Tnmynamc reflex arc | Stretch reflex |
Polysynaptic
}" } p ¢ h‘lﬂn}" S)mapgh in re ﬂcx "ﬁ Ilhdrawaupmlﬁﬂl“
_jarc n.ﬂex
Somatic Sﬂnlﬂ."ﬂ Nervous Fplcxllﬂﬂ"[‘.“.'ﬂﬂ'lﬂiﬂﬂ i ] . -
Or system is involved | lhmugh skeletal muscles Participation of skelet
S Autonomic nervous GMIFDIII_IE‘SI,inM_ muscles 3
system is involved cardiovascular reflexes | SWallowing, coug!
' ' - . ' _| elc ¢lc
KETS - PREP BOOK
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Importance of Reflex Action

It helps an animal to save himself from danger e.g. when a person steps on a
this message is immediately conveyed by the pain receptors to the sp
results in contraction of the muscles of the leg and immediate withdrawal of

NERVE IMPULSI

Definition

Generation and Transmission of Nerve Impulse ,

(i)

‘Nerve impulse is a wave of electrochemical changes, which travels along the length ¢
neurons involving movement of ions across the membrane and chemical reactions’.

Here, word “electrochemical’ refers to the electrical potential (capacity to do electrical
work) that exists on neuron membrane. In case of neuron, the electrical potential is
termed as membrane potential which is exhibited in two different forms i.e., resting
membrane potential (RMP) and active membrane potential (AMP).

Resting Membrane Potential

Potential difference across the membrane when neuron is in mor being stimulated/non-
conducting state is called resting membrane potential, and is characterized by more positive
outside surface of neuron membrane than inner surface.

Neuron in this state is in pelarized form.

This means that there is an unequal distribution of ions on the two sides of the nerve cell

membrane. Its value for a typical neuron is -70 mV. RMP is established by the following
factors:

Distribution and Active Movement of Na* and K*

The concentration of K* is 30X greater in the fluid inside the cell than outside and the
concentration of Na" is nearly 10X greater in the fluid outside the cell than inside.

. These ions are continuously moved against their concentration gradient though Na-K pumps by
the expenditure of energy.

. For every mwo K* that are actively transported inward, three Na* are pumped out. So, inside
becomes more negative than outside of the neuron membrane.

Negative Organic lons

. There are many organic compounds in the neuron cytoplasm that also have negative charge i.e.,
SOme amino acids, many proteins, and RNA.

. Presence of these ions in the neuron cytoplasm makes inside of neuron more negative than
outside.

Leakage of K* \

. The cell membrane is virtually impermeable to all ions except K*. Since the membrane is
slightly permeable 10 K*, some of it leaks out of the cell, thus accounts for mone negative
charges inside than outside the membrane of neurons.

(i) Active Membrane Potential/ Action Potential '

. AMPischmmtnimdbymmpusiﬂveinﬁdcafmmltmnmmmm‘
muwdwgesmﬂmmmdcofmmmmmamm

. This electrochemical change appears on a shon region of neuron for a brief peri
followed by the recovery of the polarized state. .

. Its value is+50 m}. L

KETS - PREP BOOK
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3. At which place of this neuron, changes in

4. Leakage of positive ions across the cell mtmbﬂ‘q: occurs by:
C. Passive transport D. Di .

T i oo s cion et e Al rbld sl 4
L] : = h N ] : L i JHldN. 7 ) -

It results in a remarkable localized change in ‘s change is so brief (for a millisecond)

-
a brief instant and is replaced by action potential. Th
that only a portion of neuron is in active state.
Influx of Na* (RMP — AMF) _ will 4 " Ao R
. The passage of nerve impulse is associated with increase in permeabi ity of Na' moving
inwards upsetting the potential momentarily, making the inside more positive than
outside.
. This increased permeability is due to opening of sodium gates. When these gates open,
Na* rushes into the neuron by diffusion. Some K™ moves out. ‘
€ Since, there are more Na® entering than leaving, the electrical potential of the membrane

changes from -70 mV towards zero and then reaches to the +50 mV. This reversal of the
polarity across the two sides of membrane is called depolarization. 4
. This electropositive inside and electronegative outside lasts for about I millisecond till
the Na™ gates are not closed.
Repolarization of Neuron (AMP — RMP) -
. It is the restoration of resting membrane potential, afier the wave of depolarization has passed.
IR s oy mr;‘g;‘hﬁg a&d ap:ffnghafﬁ“ gates, therefore K diffuses out of the
1. e K" ely ch s makes the inside of the ce ve starts
e e e of the cell more negative and
Hyperpolarization
. A slight overshoot into poative potential ineid 2 . _ & S
s -‘gh‘ _rimd::.‘t Into a more negative potential inside than original RMP is called
. It is due_m»ﬂigﬁl: delay in closing all the K* gates compared with Na® gates. As K
. »mnnnue- m geate axon, their positive charge restores the normal P_Dtcnltialga |
. flfljne_lN_a-K pump continues to work during this time 50 it grad Ii begis ’ ore the
ongmal RMP. . gradually begins to restore &

. After an action potential, nerve fibre underg - —
its original ionic distribution and polarity and prepares syt 10 ¢ if Which it 1588
period of recovery is called refractory period. | Al for the next stimulation. !

. Na’/ K pump restores the original ionic gradient _

. The whole process of depolarization and mpoluimj.::“-s lth" '::‘:unsmm .
process of nerve impulse con duction is shown in the followin di _- .

- L _-I‘ 1 l\! -
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€ When an action potential is initiated, a reglon of the membrano
depolarizes. As a result, the adjacent regions become depolarized.

el e R E R E R R

s
€) When the adjacent reglon Is depolarized to Its threshald, an
action potential starts thers,

Hﬂ-

T T [T T S N S S e T R S

m‘

© Repolarization occurs due to the outward flow of K* lans. The
depolarization spreads forward, triggering an action potential.
H'b

S I R R T I e I T —

E' Depolarization spreads forward, repealing the process.

Velocities of Nerve Impulse

. Velocities of nerve impulse in axolemma and synaptic
cleft are variable. In humans, non-myelinated s
nerve fibers, nerve impulses travel at [-3 Neuromodulators are long-lasting
m/sec while myelinated fibres conduct at chemicals that act on synapses to
speeds of up to 120 m/s. So, the velocity of alter nerve function. *Man:.,r
the merve impulse is faster in myelinated addictive drugs such as cocaine
neurons due to saltatory conduction which is and nicotine act as
rapid transmission of nerve impulse along an
axon, resulting from the AMP jumping from
on¢ node of Ranvier to another, skipping the
myelinated regions of the membrane.

. It is up to 50X faster than conduction through the fastest un-myelinated axon because
they don’t have to travel throughout every single space before moving to the next.

. Another reason that myelinated fibres conduct faster impulse is that myelin sheath acts
as an insulating sheath and prevents loss of energy, so myelinated neuron fibres require
less energy. : %

. Thick neuron fibres conduct faster impulses than thin fibres because resistant to the
electrical flow is inversely proportional to the cross sectional area. So, with the increas
in thickness of neuron fibres, there is decrease in resistance of fibre to nerve impuise.

KETS - PREP BOOK i r
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Structure of Synapse lled a k.

dimﬂmnmﬂﬂnspmpﬁ&MiSHgﬂPi

th many incoming fibres of different neurons,

ard a synapse is called pre-synaptic neuron while

the one which reccives the impulse after it crosses the synapse is a post synaptic meuron,

A single nerve impulse does not necessarily get across the synapse. It may take two or
three impulses amriving in rapid succession or perhaps simultaneously from two or more
fibers to start an impulse in the next neuron.

The neurons are not in
; X AR : -
A single neuron may form synapses Wi

Mechanism of Synaptic Transmission

Synaptic transmission takes place in the form of a message which is transmitted across
the synapse in the form of chemical messengers called meurofransmitters.

The axons usually have several rounded synaptic kmobs which contain numerous
membranous sacs, called synaptic vesicles.

The main steps involved in synaptic transmission is shown in the following diagram:

&\ P

KETS - PREP BOOK
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Brain function depends on a balance
between excitation and inhibition.

membrane | and  this Too much excitation can result in
condition is called inhibitory post- psychotic behavior and even seizures.
synaptic potential (IPSP). Too much inhibition results in mental
l:'hﬂiﬂﬂtlﬂllnrl‘ﬂeumu-:imiﬂers impairment and even coma. The

major inhibitory neurotransmitter in
the human brain

is gema-aminobutyric acid (GABA),
which controls Cl™ channels. Recent
research has shown that low doses of
drugs that block GABA, activity can
greatly  reduce  the  leaming
disabilities associated with Down
syndrome.

released at the axon ending of the neurons
at synapse and are classified as excitatory
and inhibitory neurotransmitiers.

Excitatory Neurotransmitters

. These neurotransmitters cause increased
membrane permeability of Na® and
trigger nerve impulse.

. Acetylcholine is an example of excitatory |
neurotransmitter of PNS, while biogenic
amines are important neurotransmitters in the

CNS.

. These include epinephrine, nor-epinephrine, serotonin and dopamine, all of which also
function as hormones.

. Epinephnne and nor-epinephnine increase the heartbeat during stress while serotonin and

dopamine affect sleep, mood, attention and leaming.
CRITICAL THINKING '

5. Which of the following fu nction is related to excitatory neurotransmitter?
A. Increase heart beat B. Decrease Sweating
C. Constrict Pupil D. Decrease blood pressure

Inhibitory Neurotransmitters

. These neurotransmitters  cause
decreased membrane permeability [/ -
fo Na*, thus causing the threshold ([ Electrical synapse: :
B T s bes raiserd. In an electrical synapse, the presynaptic and

posisynaptic membranes are very close
together and are actually physically connected
by channel proteins forming gap junctions.
Gap junctions allow current to pass directly
from one cell to the next. In addition to the
ions that carry this current, other molecule,
such as ATP, can diffuse through the large gap |
Jjunction pores. : <3

. Gamma amino butyric acid (GABA)
and glycine are the examples of

" ndorphins arc peptides that
function as both neurotransmitter
and hormone, and decrease
perception of pain.
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There are two types of synapses;
(i) Electrical synapses
(ii)  Chemical synapses

Electrical synapses .

which are specialized for rapid signal transmission, the cells arg

. In electrical impulse,
separated by a gap, the synaptic cleft, of only 0. 2nm, so that an action potential a

at the pre synaptic side of cleft, can sufficiently depolarize the post synaptic membrane to

r .
¥ ||I':

trigger its action potential directly.
Chemical synapses
The majority of synapses are chemical synapse where synaptic cleft has gap of more tha

20nm.
Through these synapses, information of impulse from one neuron is transmitted to

another by means of chemical messengers, the neurotransmitters,

= ![jmﬂm mmrma‘-g e

" 7. Nervous coordination transfers nerve impulse from one cell to another. Which '\
I
I

I option shows site for binding of chemicals involved in chemical synapse?

| 80 4 N

I a © o (=} |

BASIC ORG i\]ft I [{II"‘-.I I.’]] HUM. ‘L\. NE lti;-s,:h-:.-:.”
. The human nervous system consists of central nervous system r} an g

nervous system (PNS).
The CNS is a coordinating center and it lies in the midline of the body, whereas, t
transmits information from receptors to CNS and transmit orders and cc - 5'
CNS to effectors. An outline of divisions of human nervous system is ¢

following diagram.

KETS - PREP BOOK
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R ) SRR

‘L..,, ,..l..;L_J.._.‘Ln_..._I'MﬂT_I i ‘

Sympathetic Division |

“Fight or Filght"

Architecture of Brain & Spinal Cord and Their Functions
Components of CNS

Central nervous system consists of
brain and spinal cord, and both -
are hollow. The spinal cord has (
central canal and brain has

many cavities/ventricles filled
by CSF, which is also present
between meninges.

Protection of CNS

i. Meninges

The brain and spinal cord are
covered with three protective
membranes called meninges. The
three meninges are

CRITICAL CONCEPT!

Meninges:
Meninges are the three membranous envelopes
pia  mater (innenmost), arachnoid mater
(middle), and dura mater (outermost), that
surround  brain and spinal cord. Cerebrospinal
fluid fills the ventricles of the brain and the
space between the pia mater and the arachnoid
mater. The primary function of the meninges
and of the cerebrospinal fluid is to protect the
central nervous system,

Br——

. Dura matter (next to the cranium).

. Arachnoid matter (middle membrane)
. Pia matter (next to the nervous tissue)
KETS - PREP BOOK
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Cranium & Vertebral Column

Brain is enclosed within the cranium while spimlcm*disenclmadmlhm vert

-
column.
ili.  Cerebrospinal Fluid 7 —
. Between the arachnoid and pia mater there is a fluid, the CSF, which helps to cushion g
brain from shock.
BRAIN
. The human brain is the most wonderful and .
mysterious creation of nature. It coordinates In fishes, the hindbrain’ formg
the actions, so that they happened in the right much of the brain; as terrestria] §
. , veriebrates evolved, the forebrain |
sequence and at the right time and place. became increasingly l
. Brain is hollow structure as it has cavities prominent. I
called ventricles. There are four ventricles n
the brain.
Corpus call
e . Lateral ventricle
Skull
Meninges
Brain stem
KETS - PREP BOOK
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| Has many folds
Largest portion of the
brain
Divided into two
cerebral hemispheres,
connected together by
a band of axons
| called COrpus
| Cercbrum callosum » Sight, speech, smell, taste and
| Each hemisphere contains hearing. conscious sensations,
four surface lobes: frontal, voluntary movements, leaming,
panietal, temporal  and memory, thinking decision-
occipital lobe making, reasoning, judgment
eg, axdiory and visual
area eic. |
|* Each functional area |
consists of three sub-
areas i1e., sensory |
area, association
area and motor area
Thskicsris 'e It receives all sensory
| impulses (except sense of
Situated below E smell) and channels them to
Forebrain cerebrum | limbic system and to
;: | appropriate regions of the
| 7 . cortex for interpretation.
Complex set of |
| structures that lies on |
| Limbic both sides of the |
system thalamus I
Divided into 3 further |
parts l
:i' Maintain homeostasis
' Contain centers for
| ommgulanun,
1. Hypothalamus | * Located on the veniral | - o cyclemdsleq:—umkc
side of the thalamus is
the hy , cycle, sexual response, the flight
pothalamns or fight response and
biorhythms
* Hormmones production thus
controls pituitary gland.
| ; ‘ ¢ Control feeling and emotions
2. Amygdala Two almond-sheped of pleasure, plm.lshma:t, love,
v masses of neurons M| pate, anger, “F and
ether side of the thalanms. S m 5
Consists “:E two (e F
). Hippocampus ‘homs® that curve
KETS - PREP BOOK
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Coordinatloll anc

; .Ged:in humﬂﬂ 1 L B P o
formation which 15 a I:ra;:dts passal;ldg o "‘
network of neurons cord _ “ereoeliug
running through QGOrdlnatnﬂn dand rel ' of

Midbrai medulla in the | visual . anC - auditory
brain hindbrain,  through |  information, filters sengory
the midbrain and up Infopna “‘?‘“ :;md sends outp ts
into the thalamus and to higher brain centers
hypothalamus of the |
forebrain — i |
e Acts as a brdge for the
conduction  of  impulses
between cerebellum, medylly
Small and lies above oblongata and cerebrum
Pons the medulla | Concerned with rate and
oblongata pattern of heartbeat apg
breathing .
e Influences transition between
sleep and wakefulness '
+ Coordinates muscle activity
and guides smooth and
accurate motion.
Second largest g Bndy‘ C{?n(lml P““"“?"P and |
portion of the brain. It coordination of the actions of
| consists of a central | individual mqsgle:s to produce
} Hind lobe and two lateral complex activities such as
brain Cerebellum lobes “imkl'ng' r'unnin_g, riding |
‘Il Best developed in bicycles, doing delicate work
'l birds, which engage | :‘“th hand. ! |
them in complex |* Ihe cerebellum is also
activity of flight involved in learning, memory
storage for behaviors

f

Medulla
oblongata

e If it is

It is broad in front
and narrows behind
wh:n: it 1s continuﬂu:;
with the spinal cord

* Highway of communication |

destroyed, the |
movements become jerky, |
shaky and disturbed |

between the body and the
brain. Responsible for special
reflexes such as heart beat,

respiratory movements,
salivary secretions, |
swallowing, vomiting.

coughing and sneezing

R — ! CRITICAL m.!m;
8. Activity of Judgment, reasoning and thinking fx e ——
A. Mammals B Ri;illr:lmm to which type of organisms
C. Birds D. All
KETS - PREP BOOK
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a.
»

The spinal cord is the most important structure between the body and the brain.
The spinal cord extends from the foramen magnum (a hole in the bottom of skull) where
it is continuous with the medulla to the level of the first or second lumbar vertebrae.
It is a vital link between the brain and the body, and from the body to the brain.

A transverse section of the adult spinal cord shows white matter in the periphery, grey
matter inside, and a tiny central canal filled with CSF at its center.

Grey Matter

Grey matter is shaped like the letter *H’ or a “Butterfly’.

As in the other part of the nervous system, the grey matter consists of newron cell bodies
and non-myelinated parts of the fibres.

Several pairs of spinal nerves originate from venmtral horn of grey matter. Similarly,
several pairs of spinal nerves join the spinal cord through dorsal hom of grey matter.
Dorsal root of spinal nerves, also contain ganglia present just beside the spinal cord.

- -I;:enl:I:aI
Posterior median suleus

Dorzal root of
spinal nerve

Veniral horn Ventral root of

Anterior-
madian fissure

White Matter

The white matter is made up of bundles of myelinated fibres.
White matter shows deep grooves from both side i.e., from dorsal side to the central canal
and from ventral side to the central canal.

Segments of Spinal cord

The spinal cord is divided into four different regions: the cervical, thoracic, lumbar and
sacral regions.

The different cord regions can be visually distinguished from one another. Two
enlargements of the spinal cord can be visualized: The cervical enlargement, which
extends between C3 to T1; and the lumbar enlargements which extends between L] to

82,

The cord is segmentally organized. There are 31 segments, defined by 31 pairs of nerves

exiting from the cord. These nerves are divided into & cervical, 12 thoracic, 5 lumbar, 5

sacral, and 1 coccygeal nerve. Dorsal and ventral roots enter and leave the vertebral
column respectively through intervertebral foramen at the vertebral segments
corresponding to the spinal segment.

KETS - | BOC = i s
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- _ I ERIPHERAL NERVOUS SYSTEM
FINS comprises sensory and motor neurons, These nenrrre o 1 ' ;
body in the form of ganglia and nerves, e feitons are distribuited trGUEIEN
The collection of neuron ¢ o

I T neuron cell bodies is called o i

i _ > s dlled ganglia. It Interc vith other
ggnglm to form a complex system of ganglia, krmwi as pfrft?f e
The bundle of axon hhr_cs {;Iandri.lc Or axons) covered by u;u cﬂ sctive tigen 2
7 _ merves and can be classified on the basis of function an | orip; e
Cranial and Spinal Nerves in Man o e
The PNS consists of the nerves that b

MSIsts ¢ ! | branch out frg » CNS i jther

body parts. The peripheral nervous system includes: ™ the CNS and connect it to O
| The cranial nerves which arise from the brain,.
The spinal nerves, which arise from the spinal cord

A. Cranial nerves
There are twelve pairs of cranial nerves. Functionally, three pairs of cranial nerves!

B
sensory (1, 11, VIII), five pairs are motor in nature (LI, IV, VI, X1 XII) and four pé

mixed nerves (V, VII, IX, X).

KETS - PREP BOOK
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Spinal nerves ,
ﬂbﬂwmpdnufwmmmﬁnmlhesplmlmm all mixe

and they provide two-way communication between the spinal cord and pants of
Ih:anm,lcgs neck and trunk. -
Each spinal meemergesﬁmmthcspmalmdhyMshmthmhesmmﬂ:,wh&*

within the vertebral column. .
a. Dorsal root
. The dorsal root contains the fibres of sensory neuron, which conduct impulses tu the
spinal cord.
b. Ventral root
. The ventral root contains the fibres of motor neurons, which conduct impulses away from

the cord.
The two roots join just before a spinal nerve leaves the vertebral column. Each spinal
nerve serves the particular region of the body in which it is located.

Su-:hc and Autonomic Nervous System

The PNS can also be subdivided into the somatic and autonomic nervous systems.

L Somatic Nervous System
. Generally, the somatic nervous system consists of the cranial and spinal nerve fibres that
connect the CNS to the skin and skeletal muscles; it is involved in conscious activities.
Il. Autonomic Nervous System

The autonomic nervous system includes those fibres that connect the CNS to the visceral
organs, such as the heart, stomach, intestines and various glands.
It is concerned with unconscious activities.

The autonomic system is divided into sympathetic and parasympathetic syﬂm Both of
stems function automatically and usually subconsciously in an involunts ..
Svmpathetic

Features Parasy mp.llmm

- e .. | Bottom portion of spinal cord
. Middle portion of spinal cord/ | .
Origin ‘ e + cranial nerves (vagus
g cregia nerves) Lumbar region
Position of ganglia Near spinal cord Near effectors
Length of ionic |
ﬁbefsthn pre-ganglionic | Shu t Long
Leng'rh of post-ganglionic | Long Short 7
- | Works in emergency, fearand |, _
Functions fight situations Pmmma relaxed state
¢ Retards heartbeat
Actio : aﬁ?ﬁiﬂmnbﬂ' : Promd:gmunﬂf of food
-r * Inhibits digestion of food | | ULt E s S
# Rise in blood pressure m :
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Aclion on target organs:

* Constricts pupil .
Loestion of oleye
mm! and s8cral gy dstes salivary

segments al spinal card ﬂﬂﬂl

Constricts
Neuratransmitter beonchi In kingé
released by
pregonglionic neurons:  glaws heart
acetylcholine
_ Location of
- Stimulates activity sy Ahoracic postganglionic neurons:
meummsc of stemachand _,_; Inhibits activity some in ganglla closs tg
in ganglia clese to or infestines \ /8 !ﬂgetu:g[m.ulmh
within target organs _ a chain of gang/ia near
o o ol i M spinal
Stimulates 3= Lumbar =
Neuratransmitter gelbiadder _ Hmm i
released by reieased by S
posiganglionic neurons posiganglionic neurons:
of bladder
of genitalia

CRITICAL THINKING 2

9. Retention of urine in bladder in adulis |5 under con
A. Somatic nervous system
C. Sympathetic nervous system

trol of:
B. Autonomic nervous system
D. Parasympathetic nervous system

NERVOUS DI

Feature Parkinson's Disease

SORDERS

Epilepsy

, Alzheimer’s Diseas
It 15 a nervous disorder, | It is a convulsive disorder of | |t 15 chacte:ri'z by
characterized by | nerves  characterized by | decline  jn  brain
involuntary tremors, | abrupt transient symploms ﬁmﬁﬁﬁn
Definition | diminished motor power | of motor, sensory, psychic :
and ngidity. Of  autonomic nature,
frequently associated i, |
7 changmin CONSCIOUsness, |
Onset Late age disease (50s or | Before 30 years ofage | Tate age discase il
 60°s)é& Progressive Organic disease after 30 pmgﬁ
years

3
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“ause Cell death in brain area | No  known  cause,

that produces dopamine | Emotional  disturbance, High
that may be due to head | alcohol ete. are | aluminium
trauma aggravating factors

._1 3

Treatment | L-dopa, Use of GDNF EEG for diagnosis, Non-curable

Anti-convulsive  drugs
for therapy

Hormone — The Chemical Messengers

i CHEMICAL COORDINATION 7
The cellular functions needed to be continuously regulated. The nerve fibres do not
innervate all the cells of the body; so a special kind of coordination system Is thus
required.

The hormonal system is concerned with control of the different metabolic functions of
the body, such as the rate of chemical reactions, transport of substances through
plasmalemma, growth and secretions. This coordination is called chemical coordination.

Endocrine  glands are CRITICAL CONCEPT ]
ductless glands and secrete
chemical messengers,
called hormones,
Hormones are organic
compounds of varying
structural complexity.
They are poured directly in
blood and transported to the
respective target

Mechanism of Hormonal Action:
Hormone does not act on the target cell directly. It
combines with receptor to form hormone-receptor
complex. This complex executes the action through one
of the following mechanisms:

I. By altering permeability of cell membrane

2. By activating intracellular enzyme

3. By acling on genes

cells/tissues :

They do not initiate new &
biochemical reactions but | Portal System:
produce their effects by Portal system can be defined as a part of the
regulating enzymatic and || systemic circulation. in which blood draining from
other chemical reactions | the capillary bed of one structure flows through
already present. , larger vessels to supply the capillary bed of another
They may cither stimulate k:r.'[ri.j*.:mn:, before returning to the heart,

CRITICAL CONCEPT!

or inhibit a function.
Hormones may also control

some long-term changes, such as rate of growth, rate of metabolic activity and sexual maturity,

Chemical Nature of Hormones

. Chemically hormones may be of following types:
Protein , Insulin, Glucagon Islets of Langerhans
Produced in hypothalamus
| Polypeptides ADH, Oxytocin and secreted from posterior
£ E pituitary
Amino Acids Derivatives T, Ts (Thyroxin) Thyroid
Catecholamine Adrenaline, Nor-adrenaline Adrenal medulla
Steroid Eit;?g:éTcsmstemm Gonads, Adrenal Cortex
KETS - PREP BOOK v
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e CRITICAL CONCEPT!

p s and H'l* cannot pass

through cells’ plasma membrane
because they are waler soluble.
These hormones (1 messenger)
bind with their receptor on the
plasma membrane of the target cell,
starting a series of events in the cell
which generates 2* messenger ¢.g.
cAMP. The second messenger then
niummiuuschangﬁinlhenclls.- |
Sterpid and thyreid hormoncs can |
pass through plasma membrane }
because they are lipid soluble.

Receptors for these hormones are N
located in the cytoplasm or nucleus.

Hormone bind with their receptors to form hormone-receptor complex whwh then bi

with promoter region of a particular gene, thus modify the cellular activities by altering

gene expression. 7
ENDOCRINE SYSTEM OF MAN AND HYPOTHALAMUS

Glands are the tissues which — _—
produce and release some products Hormones Secreted by Some Other
called secretions.

Endocrine system is the type of
glandular system, consists of some
20 ductless glands lying in different
parts of the body.

specialized for secretions. Glandular
cells are secretory or neurosecretory
cells that are abundant m Golgi
complex.

Hormones released from
neurosecretory cells are called as neuro-secretions e.g. ADH
There are mainly two types of glands in the body, exocrine and endocrine glands 8
can be distinguished in the following table. .

ey & ey R

.
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PMC Topic-5 ' Coordination and Dmlm

_
I'””"'-' K "mll'f]'iii'i.'r'l:;li'.lll.llﬁ Endocrine Glands
Another Name Ducted glands Ductless glands
Secretions Enzymes, mucus etc. | Hormones
Transportation Through ducts Through blood
_ | Sweat glands, Salivary | Adrenal glands,
R lands - Pituitary gland

10. A hormone has bound to its receptor embedded in membrane of its target cell.

Movement of glucose into cell as a result of hormone binding to its receptor is:
I

*""“""‘““‘“‘“" L
=~

A. Facilitated diffusion B. Diffusion
C. Active transport D. Passive transport
11.  Which of the following will not take place as a result of hormone binding to its
receptor? (see above diagram)
A. Increased glycolysis B. Decreased glycogenolysis
C. Increased gluconeogenesis D. Decreased lipolysis

. glucose
stransporter
|

—

=

Hypothalamus
L]

It 1s a part of forebrain. It acts as master control centre of the endocrine system. It is
here that many of the sensory stimuli of nervous system are converted into hormonal
responses.

Its endocrine signals directly control the pituitary gland. It contains special group of
neurosecretory cells. These cells conduct impulses and have developed secretory
capacity to a high level. The hormones produced by the hypothalamus are either
releasing factors or inhibiting factors. The releasing and inhibiting hormones of  ~
hypothalamus and their functions are given in the following table: f

Anterior Pituitary
Hormone from Hypothalamus '

Response

1. | Growth hormone releasing factors (GHRF) | Secretion of GH
L ' Somatostatin Inhibition of GH
B Thyrotrophin rclcasing factor (TRF) Secretion of TSH
4, | Adrenocorticotrophin releasing factor (CRF) | Secretion of ACTH
5. | Prolactin inhibiting factor (PIF) Inhibits secretion of prolactin
Gnnaﬂﬁjihin releasing hormone (GnRH) Secretion of FSH and LHICSH
KETS - PREP BOOK 118
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CRITICAL THINKING D |

12. Portal system is not associated with which of the fn[hﬁing organs/tissues? ) 1
A Nqilmm B. Liver
C. Pituitary D. Alveoli

e PITUITARY GLAND
Pituitary gland or hypophysis cerebri is located just below the hypothalamus. It is an

oveid structure about 0.5gm in the adult and is con o g
the infundibulum. , 15 connected to brain through a short stal

It has three lobes viz, anterior, median and posterior.

The anterior lobe is often referred to as the master glar s i ition I
a : \; - raster gland, because in addition

producing primary hormones it produces the tropic hormones which control the secretion

of hormones in many of the other endocrine glands. : ’

vy
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L]

Hypomhlamus - SRF — Amf.«nnr
Pituitary — STH — Growth
Somatotrophin  releasing  factor
(SRF) is secreted from
hypothalamus throughout life.

When growth has mostly ceased
after adolescence, the hormone |
confinues to promote  protein |
synthesis throughout the body.
Gigantism is result of over secretion |
of GH during childhood in which
the bones are still capable of growth
and person increase in height
abnormally. Over secretion of GH in
adult life causes acremegaly in
which bones are no longer capable
of increasing in length but grow in
thickness. Acromegaly is
characterized by enlarging the hands,
feet, skull, nose and jawbone.

If there is under secretion, dwarfism results, as well as other symptoms associated with
lack of thyroid and adrenal hormone.

Thyroid Stimulating Hormone (TSH)

Thyroxine in Blood — Hypothalamus — TRF — Anterior Pituitary —» TSH — Thyroid
Gland - Thyroxine

Release of thyrotrophin releasing factor from the hypothalamus is controlled by the levels
of thyroxine in the blood.

In the presence of low levels of thyroxine, there is increasing production of TSH and m
VErsa.

It is secreted throughout life but particularly reaches high levels during the periods of
rapid growth and development.

It acts directly on the cells of thyroid gland, increasing both their numbers and secretory
activity.

Adrenocorticotrophic Hormone (ACTH) vontd Sa
Steroid in Blood — Hypothalamus — CRF — Antenior Pituitary - ACTH — Adrena
Cortex —» Corticosteroid B .
Release of corticotrophin releasing factor from the hypothalamus is controlled by steroid
levels in the blood and by direct nervous stimulation of the hypothalamus as a result ¢
stress ¢.g. cold, heat, pain, fright, infections.
Excess and deficiency results in disturbance of normal adrenal

treated W’Iﬂl GH l*' d )
pituitaries of cadavers, The treatments
were successful in stimulating gmwlh.
but the availability of human pituitaries
was a limiting factor. In 1981, the
biotechnology pioneer Genentech used
recombinant DNA  technology to
produce bacteria that synthesized human
growth hormone. Today GH treatment
for pituitary dwarfism is common, but its
wider availability has engendered
controversy. Is it valid, for example, to
administer the hormone to children
merely because they are shorter than
average? The use of GH as a
performance-enhancing drug is also
\. under scrutiny.
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o L' ada :.| hﬂl‘l:ll.’ll_ﬂ-fam i o ..— none (LH. a
dese arc follicle stimulating hormone (FSED, WEPTR8 LR rophic h
f% in male) and prolactin (sometimes inappropria e
. FSHénﬂLHﬂESHshmammmnh?Fﬂmlmie.m!@m‘g ; PR _
. Prolactin is continuously produced from the pituiiary and is inhibited by prolactiy
inhibiting factor (PIH) from the hmthzlamus' ith LH '
e Prolactin stimulates milk production and acts w1 . S g
. FSH in females stimulates follicle development and secretion of estrogen from the
ovaries: in males it stimulates development of the germinal epithelium of testes ang

sperm production.

. LH works with FSH to stimulate estrogen secretion and rupture of mature follicles to
release egg or ovum. . -
* It also causes the lutenization of mature follicles and acts synergistically with prolactin to
maintain corpus luteum (and hence the progesterone it secretes). ,
. ICSH in the male stimulates the interstitial cells of the testes to secrete testosterone,
Median Lobe

Median lobe secretes MSH,

Its inhibition of secretion is controlled by hypothalamus.

External light governs its secretion.

More secretion in pregnancy stimulates melanocytes in skin to produce brown pigment,
melanin, which darkens the skin.

. Excess MSH is secreted in Addison’s disease. One of the symptoms of which is darkening of skin.
Posterior Lobe

’ Posterior pituitary is not glandular by itself. It does not synthesize any hormone.
b It is largely made up of axons of neuro-secretory cells of hypothalamus, which secrete

ADH and oxvtocin,

Features

Vasopressin Oxytocin

Chemical | Pol id : s :
Kature ypeptide Polypeptide .
Stimulus for Low B.P, decreased blood volume, Child birth (Low level of ‘ r
secretion dehydration progesterone), Suckling ’.
Farget site Kidneys/Tubules of Nephrons Smooth muscles of uterus and |
) mammary glands .
Stretching of the uterus and cervix,

Milk ejection reflex (Letdown |

unctions Reabsorption of water from kidneys | reflex). -:]
In males, it helps to eject semen
- _ — : during copulation. )
ver-secretion | May leads to kidney problem Rupturing of uterine wall ‘
wder- 1 T ) :
e ian Diabetes insipidus Inhibits normal labour process
g - il
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Heurosecretory
_ cells produce
Hewrosecretory cells produce ADH and oxytocin
releazing and release-nhibiting

NOF MIONEE:

GI‘!";EE' hormones are
sacreted into & portal system

These hormones maove
down axons to axon endings

Each type of hypothalamic
hormone either stimulates or
phbits producton and secretion : ]
of an anternor priudary hormone When appropeiate, ADH and
noytocin are secreled from

anon endngs into the blood stream

The anterior prtutary secretes

itz hormones mito the bloodstrean

shbduretic
hormone LADH)

posterdr priutary

EONR o0

IFSH & LH)
@

Ovaries, Testes

Fadney fubules

gromth

hormane IGH)

bt (BRL) cybocn
[ CRSCER PR warenocortion l“'I'JTl:'i‘i ]

stimislating
hormone [TSH)

Smooth musch
if itenis

Bones, Tissues Hm}nanni-
glands

plands

hdrensl cortex

Thiwoid

KETS - PREP BOOK ' = =

Scanned with CamScanner



Hormones
Thyroxin ( Tetra-iodothyronine/Ty)

L]

. Tri-iodothyronine (Ts)
. Calcitonin

Control

Ts and Ts - Negative physiological control by anterior pituitary via TSH.

L]

. Calcitonin - Circulating calcium levels in blood

Functions

T3 and T4

. These are iodine containing hormones. Both act essentially in the same way. }

. They act on basal metabolic rate by stimulating the breakdown of glucose and release of
heat and generation of ATP.

. Enhance synthesis of cholesterol in the liver.

. They also act in conjunction with somatotropin in bringing about growth.

. Promote development of nervous system in fetus and infants.

. They act on muscles for their development and ﬁ.lnr:liuning.k

* Promote growth and maturation of skeleton.

. Promote normal motility of GIT.

Overproduction of T3 and T4 (Hyperthyroidism)
Excess thyroxin produces a condition called Graves’ disease which is charac

= |
e risia

L]
exophthalmic goiter and increase in the basal metabolic rate. This can lead to candi®
failure if prolonged. ' '
. It is caused by production of an abnormal bedy protein which continuously stimulate
_thyroid to excessive secretion. ' S r
KETS - PREP BOOK
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Under-secretion (Hypothyroidism) -

. In adults, the full-blown hypothyroid syndrome is called myxedema wl:m‘.h is
characterized by low metabolic rate, feeling chilled, puffy eyes, thick and dry skin with
hair lost from the scalp and eyebrows, edema, tongue swelling, constipation and enlarged
thyroid gland i.e., goiter. All body and mental processes are retarded.

. It may result due to the deficiency of 1odine in diet.
If congenitally deficient, the lack of thyroxin causes crefinism, which is characterized by
the mental retardation with poor physical growth and disproportionate body size. Bone
maturation and puberty are severely delayed and infertility is common.

Calcitonin

. It is antagonistic to parathormone.

Introduction to Parathyroid Gland

. In humans, there are four parathyroid glands.

. They are small, light colored masses that stick out from the posterior surface of the
thyroid gland.

v The parathormone is the single most important hormone, produce by the parathyroid
oland.

Features Calcitonin Parathormone

b | Small intestine, Kidney tubules, Bone | Small intestine, Kidney tubules,
Target sites 3 =
| cells Bone cells
ti ' - o : _"TZ _
S mu!us for R¥tessive Ca?*in blood Low blood Ca™ levels
secretion
, . o . Control the calcium balance of the
Control extracellular levels of calcium | st
ions by inhibiting Ca®* absorption by [ 04 by stimulating osteoclasts to
S P " reabsorb bone mineral and liberating
S the intestines. | - 3 _
Functions _ g calcium into  blood, stimulates
| Decrease reabsorption of Ca® from the : - : ,
. |55 . LT . absorption of calcium in the small
I | kidney tubules allowing its excretion | : Py .
1 s intestine and also its reabsorption in |
in unné % ;
== the kidney tbules
| Usually results from a parathyroid
gland tumor. (3
_ . ] fi leadi fracture
Over- Symptoms include brittle bones and 30 = bo“cél cading; ;o4 ity
secretion disorders related with nervous and £ o < .
it Hypercalcemia which depresses
' ' nervous system, causes weakness
of muscles and leads to kidney
o stone
} Ca™ are not deposited in bones Hypocalcemia increases excitability
Under- High blood Ca®* level causes | of neurons, muscular tetany.
secretion disturbance in the functioning of | If untreated, it can be fatal,
muscles and nervous system and may
| lead to kidney stones

Scanned with CamScanner



. The Islets contain large numet ,

The smaller number of a-cells HWF’E’"“%":@ (secretes Exocrine pancreas

2 pancreatic (acinar cell
polypeptide) and duct cell)

umber of fi-cells associated with insulin production

A
o

0 [R—

Alpha cell

_ (secretes (secretes

Pancreatic glucagon) Delta cell insulin)
(sccretes

somatostatin)

Control
This 1s under control of the pituitary trophic hormones, STH and ACTH and &

L]
responds directly to the fevel of blood glucose.

Metabolic Functions of Insulin
In general, insulin depresses blood glucose levels, in a variety of ways which includes

L]

(i) Increase the rate of glucose uptake by skeletal muscles and fat cells.

(ii)  Increase use of glucose in cellular respiration.

(iii)  Increase glycogen synthesis (glycogenesis).

(iv)  Promote conversion of glucose info proteins and lipids.

(v)  Inhibit the hydrolysis of glycogen (glycogenolysis) in the liver and muscles.

(vi)  Inhibits gluconcogenesis.
Abnormalities of Insulin

Under-secretion
Failure to produce insulin leads to a condition called diaberes meelfitus. The symptoms it

L]
(i) High level of blood sugar (Hyperglycemia)
(ii)  Sugar in the urine (Glycosuria)
A disturbance of the body’s osmotic equilibrium

(i)
(iv)  Derangement of the nervous system
Toxic metabolites from fat (which need ‘glucose energy’ for their oxidatic

(v)
accumulate and are only lost from the kidney with valuable metal cations.
(vi)  The body becomes dehydrated olc metal cath

KETS - PREP BOOK
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_ﬂ_—ﬁ - -

Overproduction

» If excess insulin is produced, the utilization of sugar is too great and its level falls in the
blood (hypoglycemia) which upsets nerve and muscle functioning.

Metabolic Functions of Glucagon

. Glucagon is essentially anfagonistic fo insulin and causes an increase in blood glucose
levels. Sympathetic nervous system also stimulates its secretion while high blood glucose
level, insulin and somatostatin suppress its secretion. It plays its role mainly by:

i) Promoting breakdown of glycogen to glucose in the liver and muscles.

(i)  Increasing the rate of breakdown of fats.

Abnormalities of Glucagon

. Glucagon abnormalities seem to be rare endocrine disorders.

. Tumors on the f-cells will cause excess glucagon secretions and consequently high blood
glucose levels. This in turn damages the a-cells

o cRCAL THINKING'R |
Trace down the pathway of Glucagon from its source to its target site:
1. Inferior vena cava

2. Heart, lungs, heart
3
4
5

13.

Pancreatic vein
Aorta
Iargu site

3. 4.5

5 B.2,1,3,4,5
1,4, D.3,1,2,4,5

ADRENAL GLAND

Introduction

. A pair of adrenal gland is present, one on top of each kidney. These are also called as

glands of emergency or supra-renal glands.

Each adrenal gland is composed of an inner portion called adrenal medulla and outer
portion is called adrenal cortex.

Adrenal
-

— aland Capsule

Adrenal Medulla

’
|

1 Inner portion of adrenal gland is called adrenal medulla.
Hormones
S The medulla produces the hormones adrenaline/epinephrine and noradrenalin/nor-
_epinephrine. et
KETS - PREP BOOK 123
il _-d

Scanned with CamScanner



PMC Topia-s ___________ '

Fthguth adrenalin and nor-adrenalin are Sﬂﬂl‘ﬂl&d iqtstr:ll'less situations.
. They are influenced by sympathetic nervous sys em.

Functions gl ]
18 PRI ronchodilation.

. romote metabolic activities and bronc b | L

: gsscu{t,ially adrenaline dilates blood vessels in certain parts of the body suct s

: S ¢
increases the heart’s output. _ ' i
d vessels but again only in certain areas such as the gy

Effects of the two hormones are synergistic in raising blood pressure. = .
Adrenaline and noradrenaline promote the release of glucose from liver glycogen ang

reinforce the effects of the sympathetic system.

Abnormalities . R S
(hver-secretion of catecholamine may cause hypertension and aggressive behavior dy; ng

skeletal muscles and
Noradrenaline constricts bloo

L
routine life. - e 77 .
Under-secretion causes failure to combat with emergency situation. kFor example, in ryg
whose adrenal medulla has been removed surgically, the ability to withstand any sfress

situation such as cold is markedly diminished.

Adrenal Cortex |
. Outer portion of adrenal gland is called adrenal cortex.

Control
¢ Hormones of adrenal cortex are secreted under influence of ACTH from adrenal cortex.

Hormones
The adrenal cortex secretes corticosteroids such as certisol, corticosterone, aldosterone

and androgenic hormaones.

. Cortisol is the glucocorticoid.
Corticosterone 1s both a glucocorticoid and a mineralocorticoid.
Aldosterone is the principal mineralo-corticoid.

—— ] CRITICAL THINKING L e,

f/ 14. Different hormones have different mode of actions. Make a link of given §
mechanism with a hormone: 1

A. Cortisone B. Prolactin
C. Glucagon D. FSH
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. The adrenal cortex isuﬁ“ﬂmﬁmmwws&fﬂmmumj R .
or infections.

. Cortisol brings about an increase in blood glucose level mainly by its production from
protein and antagonizing the action of insulin.

. Corticosterone increases blood glucose levels and regulate mineral ion balance.

. Aldosterone conserves the level of Na* in the body by preventing their loss from the
kidney tubules.

Abnormalities

Under-secretion of Corticosteroids

. The destruction of the adrenal cortex, such as occurs in Addison’s disease, will lead to
general metabolic disturbance, in particular weakness of muscle action and loss of salts.

. Stress situations, such as cold, which would normally be overcome, lead to collapse
and death.

Over-secretion of Corticosteroids

. The reverse of this is found in Cushing’s disease where too much cortical hormone is
produced. Symptoms are an excessive protein breakdown resulting muscular and bone
weakness. The high blood sugar disturbs the metabolism as in diabetes.

Overproduction of Androgens

. Androgens cause development of the male secondary sex characteristics.

. Very small amounts of androgens are secreted in both male and female by adrenal glands.

. A tumor on the inner part of the adrenal

cortex in a female can cause excess androgens to be

produced and thus the development of certain male charactenistics. Such cases are VETY rare.

Gonads are special type of endocrine glands which beside hormone secretions also
produce gametes.
Ovarian Hormones

Ovaries are involved in production and secretion of female sex hormones mainly estrogen

and progesterone.

Estrogen

Preduction and Control

» Estrogens are secreted by graffian follicles whose development has been initiated by FSH
from the pituitary.

. In many species it is produced by interstitial cells of the avary.

Functions :

& Bring about the development of the secondary sexual characters in the female.

- Cause thickening of uterine wall. 7

- Al a point during the estrous or menstrual cycle, exert a positive feedback which results
in a sharp rise in LH output by the pituitary.
They also aid in healing and repair of uterine wall after menstruation.

L]

Under the influence of estrogen, some of the cells of uterine wﬂlbmmm AN
stan secreting proteinaceous secretions which are taken up by the embryo during its ea
stages of development. .

lfj_-!mm
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m mmmm ? normal menstru

'—f

& ey .—-I_H”,i- s

Funictians " 3
. It inhibits further FSH secretion from the pituitary, thus prever __1 any more
from ripening.

. It also affects uterus, causing further thickening and vascularization of it ts wall
arcas of the female body, preparing it for maintaining the state of pregns anc ,
. It suppresses ovulation that is why it is a major constituent of birth mmm’l 1*1 .
Abnormalities
. Under-secretion of progesterone during menstrual cycle decreases :h‘
pregnancy and may cause early menstruation.
. Under-secretion during pregnancy may leads 1o miscarriage. h
Testes : "
Hormones -
. The testes consist of many coiled seminiferous tubules where the spermatozoa devel ,
. Between the tubules, regions of interstitial cells produce gonadal ho .....
testosterone and 17 p-hydroxyiestosterone. G
. After the initiation of development, the sex organs in the fetus produce them an
level nises fairly consistently until puberty. e
. After puberty the supply of LH/ICSH, and therefore the level of testosterone, e
constant. [
Functions -
. In the fetus, it initiates the development of the sex organs. u

. Al puberty, it brings about development of the male - ristic
le secondary charactenst
promotes the sex drive. R

The castrated male fails to develop secondary sexual characteristics and his bed
more towards the form of the immature female,

HORMONAL FEEDBACK MEC H '\‘Hh‘-!

. Itis a of interaction in which A
produc::ﬁ reactions it is Eﬂntmlllnga controlling mpchariiil m]f i
. After receiving the signal, a change occurs to cor
negative feedback or enhancing ilg»:vith pmitizec?m:: fdoated W
Positive Feedback Mechanism
. In positive feedback, an end product speeds up its production.
. Mmﬁmmbﬂmmmdmmmmmy ndividual
. An example of positive feedback is chsldbuth. ~

|
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Induces oxytoan
recapions on utanis

Sumulates uterus
o contrack

Positive feedback

Stmulates

placentaio make
Prostaglandins
Stimulate mare
contracions
of uterus
Negative Feedback Mechanism
. In negative feedback, the end products result in the reversal of the direction of change
and tends to maintain homeostasis.
. In this system, an endocrine gland is sensitive either to the concentration of a substance it
regulates or to the concentration of a product from a process it controls.
. For example, regulation of blood glucose in the blood by pancreatic endocrine cells.
- High

e

Stimulates giycogen
preakdomwT
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COURSE CONTENI
Introduction and characteristics of Kingdom Animalia
. Criteria for Animal Classification
. Animal phyla (Invertebrate and Vertebrate) — L
INTRODUCTION AND CHARACTERISTICS OF KINGDOM ANINA|j
Kingdom Animalia
. The name Animalia is derived from Latin word ‘anima’ meaning breath or soul,
. All the animals are multicellular, diploid eukaryotes, heterotrophs, develop from g,

dissimilar haploid gametes, a larger cgg and smaller sperm, and usually acquire food J
ingestion followed by digestion. ]
. Animals are found almost in all types of
habitat.
. They may be free living motile, sessile or
a parasite.
. They range in size from worms, only seen
with a microscope to the largest amimal,
the blue whales.

CRITICAL CONCEPT!

Oldest Known Animal Fossils:
As one would expect based on their
phylogenetic position, fossil sponges
arc among the oldest known anima
fossils.

. Although multi-cellularity is found in all the kingdoms, fungi, plantae and animalia but i
has developed most impressively in animals; their cells are joined by complex junction,
This ensures control of communications and flow of materials between cells.
('RITERL\ FOR ANIMAL CLASSIFICATION
Animals can be classified according o the; D ;
Presence or absence of tissucs

Number of tissue layers

Body symmetry

Types of body cavity

Classification based upon organization of tissues

-

Fud == @

o

Animals can be classified according to the organization of tissues

into two sub-kingdoms
Pa.rawu_ and Eumetazoa.

Parazoa includes the simplest multicellular animals that lack tissue
sho!w labour of division. They are asymmetrical. It includes all the sponges (phyli®
porifera). 1 '

. In eumetazoa, similar cells are grouped together into a highly coordinated unit & e
fissue. |

. The tissues are assembled into larger functional units, called organs and different
operate together as organ system, ‘ i ;

KETS - PREP BOOK
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Diploblastic Animals

Body symmetry | Radial

No. of gem | Ectoderm and endoderm

layers , -

Level of | Tissue level of organization Specialized tissue, organ and organ
| organization system level of organization

Degree of | Somewhat lesser Somewhat more ]

specialization

:::::E:imc Present Absent

Nervous system | Simple and consist of neuron net Complex
| Phylum Cnidaria Platyhelminthes to Chordates

Classification based upon type of Bmi;r Sj-‘m melry

On the basis of body symmetry, the sub-kingdom eumetazoa can be classified into two
groups; grade radiata and grade bilateria.

. Grade radiata includes all the animals with radial symmetry, which is characterized by
the condition in which the parts of the body are arranged around the central axis in such a
way that any plane passing through the central axis divides the animal in equal halves
that are almost mirror image of each other e. g., jelly fish, sea anemone etc.

. Radial symmetry is considered an adaptation for a sessile life.

. Grade bilateria includes animals with bilateral symmetry which is characterized by the
division of an animal into two equal parts by an imaginary line only in one plane.

. In most multi-cellular animals, there is a clearly differentiated head present at the anterior
end and a distinct posterior end which may be equipped with a tail.

radial symmelny
KETS - PREP BOOK
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I. Two types of symmetries are present in Kingdom animalia. Relate feature of

these symmetries in correct order,

T —

e Grade Radiata
LA. | No ﬁgln-:npg_lu:ﬂ-]ifmd sides
B. | Anterior and posterior ends

C. | Defined dorsal and ventral surf
| D. | No dorsal and ventral surfaces

aces | Right and left hand sides
| Triploblastic organization

i Grade Bilateria
| No anterior and posterior ends

‘Defined dorsal and ventral surfaces

KINGDOM ARIMALIA

T

i Developmant Porifera  Coelenterala Ctenophara Platyhelminthes Nematode
Protastome/ y e
» 2y N

Absent

—

| cRImica THiNKING'R

A. Monophyletic
C. Polyphyletic

2. According to the evidence collected so far, the animél kingdﬁm is:

B. Paraphyletic
D. Euphyletic
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Polymorphism and radial symmetry in an adult phase of an organism having

C. Porifera, Cnidaria D. Arthropoda, Echinodermata

Diversity among

triploblastic organization can be related respectively with:
A, Cmidana, Echinodermata B. Echinodermata, Coelenterata

Classification based upon the type of Body Cavity (Coelom)

. Animals can be grouped according to the type of body cavity or coelom, a fluid filled
space between the outer body wall and the digestive tube.

Acoelomates

. This group includes phylum plafyhelminthes.

. There 158 no body cavity or coelom.

. Mesoderm forms a loose, cellular tissue mesenchyma or parenchyma which fills the
space between the ectoderm and endoderm. It forms a packing around the internal organs
of the animals to support and protect them.

. The gut is sac-fype and there is no special transport system.

. Only excretory system is developed for the transport of excretory products. This system
consists of flame cells, excretory ducts and excretory pores.

. Nervous system is well developed.

Pseudocoelomates

. This group includes phylum Aschelminthes.

. If the body cavity develops between the mesoderm and endodenm, it is called Psendocoelom,
and animals with this type of body cavity are called psendocoelomates.

. Pseudocoelom is not homologous 1o true coelom because 1t is not lined by coelomic
epithelium.

It has no relation with the reproductive and excretory organs.
It develops from the blastocoel of the embryo and is bound externally by the muscles and
internally by the cuticle of intestine.

Coelomates :

e Coelom is cavity present between the body wall and the alimentary canal and is lined by
mesoderm. _

a The mesoderm splits into outer parietal layer which underlines the body wall and the
visceral layer which covers the alimentary canal and the cavity between them is the true
coelom. It is filled with fluid called coelomic fluid.

KETS - PREP BOOK m
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4 Nematoda is the 1* phylum which evolved tube Inke digestive system. Epithelial °
lining of gastrointestinal tract is formed from:

B. Ectoderm

A. Mesoderm .
C. Endoderm D. Pinacoderm .
5. Among the characteristics, which one is unique to animals: . B
A. Gastrulation B. Multicellulanty |
C. Sexual reproduction D. Flagellated sperm
6. What is the correct sequence of the following four events during an animal’s
development? g
| 1. Gastrulation 2. Metamorphosis 3. Fertilization 4. Cleavage |

Ad—3—2—]
C.3=92—=4—1]

| Series Proterostomia (Proterostomes)
Cleavage/division of the zygote is spiral and
determinate.

B4—-3-21-=2
D3i—=4—=1—=2

Series |]‘t—‘l_lll:t‘1i-"sln|mi] lh_-liih*!i:a.l- mes
Cleavage is radial and indeterminate.

The mouth of these animals arises from
blastopore or from its anterior margin.

The mouth 1s formed at some distance antenor
to the blastopore and the blastopore fome
anus.

Coelom is formed by sphitting of mesoderm
Schizocoelous).

Coelom is developed from arch
(Enterocoelous).

Mesoderm is derived from cells on anterior
lip of blastopore.

Mesoderm is derived from wall of d
_gut (archenteron).

It includes phylum annelida, Mollusca and |
arthropoda.

It includes phy lum
hemichordata and chon:lau.
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PMC Topic-6

Blll-'l;npar-t Mi:uderm splits Mnulh hlm; from
blastopore

Dueterostome

; #.rr.hemamn Coslom

Anus

Blastopons Archnn‘lumn Anus famms
oculpockels to  from blastopore
turm :u-ilum el 7

. The animal species that lack a backbone are commonly men as mueﬂebrmes and they

account for 95%of the known animal species.
. The invertebrates have been divided into eight major phyla: perifera, cnidaria,

platyhelminthes, aschelminthes, mollusca, annelida, arthropoda, and echinodermata.

1. Phylum Porifera

General Characteristics:

. The name porifera is derived from Latin porous = Pore and ferra = to bear, so this
phylum include ‘pore bearing animals’, commonly called as sponges.

Evolutionary origin:

. Sponges have evolved from the pmliwt-, called choanoflagellates.

: | cmmm mmxmaQ

7. What is the direct origin of Porifera?
A. Protista B. Bactena
C. Plantae D. Fungi

Habitat:

. Sponges are all aquatic. Out of total 5000 species, 150 species live in fresh water while
others are marine.

Locomaotion:

. Sponges are sessile, attached to the rocks at the bottom of water. Larvae are motile.

Size:

P’ They range in size from a few millimeters wide to more than a meter long.

Symmetry:

» Asymmetrical.

Organization of Body . ;

p Body is multicellular and not organized as tissue Choanuﬂagcllatcb are havmg;
Or organs. similar cells like choanocytes

p The sponges consist of outer dermal layer called as in porifera.

pinacoderm. Inner layer choanoderm made of

Il:lu-rmrmx
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- S epend on food coming along with water « M
ﬁm ﬂﬂﬂpﬁf’tﬂ;ﬂfﬂﬂhﬂﬂ 80% of their food consists of detrital organic n

Skeleton: i o

. Variously shaped needle-like structures called spicules. ThescEmg crcns
siliceous. : .

Reproduction: 3 ] : o

o Asexual reproduction takes place by budding or gemmules. Some sponge speg

reproduce sexually. These are mostly hermaphrodite, mostly protandrous i.e., male
cells develop first. In some sponges, sexes are separate. _
Regeneration:

. Sponges have remarkable ability of regeneration from a small fragment.

Digestion: s '

. It is completely intraceflular and occurs in food vacuoles within choanocytes.

Respiration: g

. There are no special organelles for respiration.

Transportation: A

» It takes place through water current and diffusion. The water current system has greg
enlarged area for the feeding and gascous exchange. -

Excretion: ol

. It takes place through diffusion and outgoing water-current. 2

Nervous system:

. A sponge lacks nervous system. Sensory cells probably seem to coordinate the flow
water. il

Examples -

The examples of Sponges are: Spongilla, Sycon, Leucosolenia, Euplectella ete.
Importance of Sponges: I‘

. gkelemn of sponges is used for washing and bathing_

* ponges have great capacity to absorb water. Thev | operation
e i . They are used in surgical of il

. Sponges are used for sound absorption in buildings.

8. At which developmental sta —
' ge should one b _
embryo from a deuterostome embryo? e able to first
A. Fertilization .
C. Gastrulation

B. Cleavage
D. Coelom formation
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Mughthcbudymdgunutmw.

sponge is unidirectional, Mvenbyth:buhmﬂl‘ﬂagﬂla
m&meafchmmmmhyamufmls Sron%::ncllsperﬁvrma
bodily functions and appear to be more independent o '

other animals.

% .

2 PE“T.UH CNIDARIA

General Characteristics:
The name Cnidarian has been given to this group of animals due to the presence of
special cells called cmidocytes. These cells give rise to nemarocysts-the stinging cells,

charactenistic of this group.

Symmetry:

. Body shows radial symmetry.

Organization:

. Diploblastic having tissue grading and have organs.

Body Structure

. Cmdanans are diploblastic animals having ectoderm, endoderm and mesoglea in between
the two.

. They have a sac-like intenal gastrovascular cavity, which has only one opening the
mouth.

. The mouth is often surrounded by tentacles.

Habitat:

. Cnidarians are entirely aquatic, mainly marine, few found in freshwater, e.g. Hydra

Locomotion:

. Most of the species are sessile, e.g. Hydra, while others are free living and motile e.g.
jelly fish. Some are colonial e.g. Obelia.
Size:
. They range in size from microscopic (Hydra) to two meters in length (jelly fish).
Digestion:
. They are camivores and feed upon small organisms which come into contact with them.
Transportation and Excretion:
: Takes place through diffusion i |
Respiration and Excretion: |
* There is no rmpirumry and excretory system
. Hmrm system consists of nerve net and some mm

-
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waves.

stings ¢.g. jelly fish and sea ancmone.

Coral Reefs

Corals are cnidarians. It
is made of CaCOs;. The
ectodermal cells of the sea water
form their exoskeleton. These
exoskeleton form coral reefs and
even island. Coral reefs are
founded in the coastal water of
Florida. West indies, east coast
of Africa. Australia and island of

. Some cnidarians have poisonous Polymorphism :

Coclenterate may show a number of zooids.
are of different forms. They take up different functi
This is called polymorphism. Fulymwphlmggn
division of labour among the zooids of_ lhe ividual, 4
polymorphic colony contains many individuals calleg
zooids. They are mainly two types: (1) iL_
Polyps. Polyp is sedentary. It shows mouth and tentacles a
the free end. The medusa is free swimming. Hydra is 2
monomorphic form. It is represented by polyp form. |
performs all functions. Obelia like animals Show
forms, polyp, nutritive zooid and medusa reproducty
zooid. This is called dimorphic organism. In a colony of
Obelia three types of zooids are present: (1) Hydranth (@
Polyp stage,) T il '
| (2) Blastostyle (asexually, reproducing zooid)
| (3) Medusae are present

oo
i W]
P

CAIve

3. PHYLUM PLATYHELMINTHES

General Characteristic:
Mode of Life: el
. The flatworms are free living, e.g. Planaria, or parasit . ]
e g, e.g parasite, e.g. Tapeworm.
. They are found in freshwater, marine, animal gut. ljv o
Body Structure gl ) §
. Body is sn'ﬂ and dorsoventrally compressed. .l
. leyhelgmghes are tnploblastic and exhibits a bilateral symmetry. :
*  Coclomis absent, and the spaces are filled with mesenchyme tissue. 1
o Eyespots are present in some flatworms, ' P

Locomotion:

1 Free-living forms are motile. They move by cilia present on the underside ﬂf nin
i R A

¢.8. Planaria. In parasitic forms, movement is restricted

Reproduction:

a

i
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. Respiratory system 1s absent.

Transport:

. Transport system is absent.

Excretion:

. Excretory system consists of two lateral canals with branches bearing flame cells
(protonephridia).

Nervous system:

> Consists of a pair of anterior ganglia with longitudinal nerve cord.

Examples
The examples of flatworms are: Dugesia (planaria), Fasciola (liver fluke), Taenia
(tapeworm).

Importance of Platyhelminthes:

. The parasitic forms of fluke’s and tapeworms are very harmful for man, e.g. tapeworm,
liver fluke, the blood fluke of cattle etc.

4. PHYLUM ASCHELMINTHES/NEMATODA

General Characteristics:

Maode of Life:

N The roundworms are free living or parasite, and live in soil, roots, human and animal’s
intestine and muscles.

Size:

. Most roundworms are less than five cm long and many are microscopic. Some parasitic
roundworms are more than one meter in length.

Symmetry:

. The worms exhibit bilateral symmetry, having three germ layers.

Body Structure
. Body is cylindrical, tapered at both ends.

- Muscular layer is not continuous.

. It is divided into four longitudinal quadrants: two — dorsolateral and two — ventrolateral.
. The body cavity is psendocoelom.

Reproduction:

: Most nematodes are dioecious. Fertilization 1s internal.

Digestion:

. Digestive tract is a straight tube with mouth and anus at opposite ends of the body.
Respiration:

: Respiratory organs are absent.

Transport;

- Circulatory organs are absent.

Exeretion:

L Excretory system consists of canals and protonephridia,

KETE mewes wsesess A

Scanned with CamScanner



connected by transverse nerves:
Importance of Aschelminthes: . testinal parasite of man.

® " dscori lumbricodes 3 a;m,rw;m} are parasites in the human caecum, colon
) ! i

. Pinworms (Enterobins s
5 P e : loss of appetite.
ppendix causing insomnia and ot 7 : 5
it o docroma duodenale) is very dangerous parasite because it holds the yjj
. Hook worm (Ancylostoma oy i, .
of intestine and sucks the blood aﬂd y thuids. |
5. PHYLUM MOLLUSCA (soft bodied animals) '
{ ral Characteristics:
Mode of Life: Ep Ty : . Pogir . _
. u’[‘hey are free living or sessile, and live in freshwater, marine and land (in moist l
Symmetry: . o '
. 1?; molluscs exhibits bilateral symmetry, triploblastic, coelomate, soft and unsegmer o
animals.
Body Structure _ : J
. Body is divided into; head ventral muscular foot dorsal visceral region. 4
. The whole animal is covered in an envelope called mantle. It secretes the shell. :’
. The shell may be external (snail), internal (cuttle fish) or even absent (octopus). 1
. Mouth cavity may have a tongue like structure called radula, e.g. Cuttle fish, snail,
. Coelom is divided into haemocoelic channels or sinuses.
Reproduction: a4
L Sexes may be separate, e.g. unio or untied, e.g. Helix. The development takes plage
- through trochophore larvae. 7
Digestion:
. Digestive system is complex having rasping organ radula and anus usually emptying i .r
mantle cavity. .
Respiration: r
. Gaseous exchange takes place by gills, lungs manile _
T g p y gills, lungs mantle or body surface. .
2 Open circulatory system consists of heart . (_
Excretion: eart and blood vessels.
. There are one or two 1di ioh onen i " .
T 0 metanephridia, which open into the pericardial cavity.
. Consists of paired cerebral, pleurs - . gee
Examples ral, pleural, pedal and visceral ganglia with nerve cord.

m Y, 1 : . I
Economic Ig;:;llgﬁcf:;ﬂ hlllzlsliussz;? snail slug, Oyster, freshwater mussel and Octopus efc.
Shells of freshwater m ; are used i :

Shells are also used 1:?;:5 nizllzna:umnmnrnlt}:uﬂn e

Some oysters make valuable pearls, e.g. Pearl oyster.

Clmsy 03’_5t§1'. _nmssels are source of food in Far East E L
Slugs are injurious in garden and cultivation, -UCPS A1l Amopcy
Toredo a shipworm damage wooden part in ships,

.
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annelids are *‘IIT”"N segmented  worms

Jh".‘.lﬁ hm L 1

BN uhﬁ“

- m-:fumdmml,ﬁﬁhmtu'ﬁdmm "h

,: M .-!-

'« Body is metamerically segmented. It is separated into comy artm

s muammmmmwu

coclomic fluid serves as a hydrostatic skeleton also. T o

Locomotion: v oo rel

. Thebodywsllmcuwhrmdhngmdmlmhwhmhhdpm scomotion
mnﬂmﬂmuhmamchmmusehamewmmumhﬁ
of Nereis. IO

Reproduction: 3 '

. Most of the annelids are hermaphrodite e.g. mhwmhuchSuHMWM
annelids, e.g. Nereis. Fertilization is external. Devclupme:mudlmctmuﬂm hrough
trochophore larvae. -

Regeneration: o,

. Common in annelids. f

Digestion: i + icinall :

*  Digestive system is in the form of an alimentary canal, It extends throughout the body, It
has two openings the mouth and the anus. The mouth is surrounded by prostomium. '

Respiration: 3 A

. Respiratory system is absent and respiration takes place through the moist skin. Il

Transport: 1 unﬂ.' “

. Annelids are the first group in the animal kingdom having definite clnaadhlnuﬂ

’ Systcmwhlchnmsmmughout the body. ,.,1.3
. Tﬂkﬁplmbyncphndm Thcscarccﬂmmdmganspmtmmhw)mm -
Nervous system: R
*  CNSis present, which extends throughout the body. v sHege

. present, which ex ghou ly .

ks
“The examples of annelids are Nereis, Pheritima posthuma (Earthworm), H l.a » (Leech).
Economic Importance of Annelids:

*  Polychaetes form an important food item for many edible fish. R o
» Earthworms help in soil improvement. il 2 dn Al
*  Leech is an ectoparasite to man and cattle. P
7. mnummmomm , il adf il

deorLiter ".;,;i;.‘ o
'. Theihopod;mulhdpmhhdmmﬂ‘l‘hjmﬁ : living or parasite
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. Some are worm like and others are flying insects.
- 'gmmwyi;hihmﬂ. having triploblastic organization. ”
e “The body is segmented. Scgments are modificd, specialized ':ﬁ' o
e Body is covered by chitin. It is flexible at many places 1o allow ariciiation. Ther
several pairs of appendages. ] te rallad foE
. En-:lnmp,;s not present E:sllm main body cavity. It is reduced and is called haemocy
because it is connected with the blood vascular system. .
Digestive System:
. . Alimentary canal has two openings, the mouth and anus.
n:
fkﬂtmﬁhtmn is exoskeleton, formed chiefly of chitin. Muscles are attached to exoskeleton f
locomotion.
roduction :
—Rep The reproductive organs and ducts are paired. The testes produce sperms and o rie
produce, eggs. Fertilization is mostly intemal. Development takes place through
metamorphosis
Digestion:
. Digestive system is complete, mouth parts modified from appendages and adapted for
different methods of feeding.
Respiration: "
Arthropods have a variety of respiratory organs.
. In insect’s respiratory system consists of air tubes called trachea. Spiracles are the
openings of the main tubes to the exterior. ul
. Aquatic forms have gills.
. Terrestrial forms have book lungs (e.g. spiders.) or air tubes called trachea. !
Transport:
. Circulatory system consists of dorsal contractile heart (blood sinuses)
Excretion: :
. In insects, the excretory organs are called Malpighian tubules. The nitrogenous wastes a
excreted in the form of solid uric acid. i
Nervous system:
. There 1s a brain and a ventral double nerve cord. There is a ganglion in each segmes

Economic Importance of Arthropods:

from which nerves arise.

.rll

. Lobsters, crayfish and prawns are eatables.
. Some crustaceans act as intermediate hosts for human parasites. e ' la®
of a nematode, the Guinea worm. or buman parasites, & g CIES R
. Honey and bee's wax are produced by the honeybee.
*  Insectsaid in the production of fruits, seeds and vegetables by pollinating the flowers
. Fruit fly (Drosophila), cockroach, grasshopper are abundantly used as laboratory &
for scientific leaming and research, :
Insects destroy field crops, fruit trees and timber plants.
They spread diseases among human beings.
. Scorpions and a few spiders are poisonous and sting.
KETS - PREP BOOK
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PHYLUM ECHINODERMATA

General Characteristics:

Mode of Life:

A The echinoderms are called spiny-skinned animals. They are free living, some are
attached to the substratum.

Habitat:

3 The echinoderms are exclusively marine. Most are found at the bottom along the
shorelines in shallow seas.

Symmetry:

. The echinoderms are triploblastic coelomates and exhibit radial symmetry in adult,

Body Structure

. Body is covered by delicate epidermis.

A The spines, which stick out through the delicate skin, account for their name.

N Coelom consists of canals and spaces, and one of which forms water vascular system.

Locomotion:

. Organs of locomotion are the mbe feer.

Reproduction:

. The sexes are separate. The fertilization is external. The larvae such as bipinnaria and

brachiolaria are complex and exhibit bilateral symmetry, autotomy and regeneration.
Regeneration:

. The regeneration is shown by the adult and larval stages.

Skeleton:

» Echinoderms have an endoskeleton consisting of a spine bearing calcium rich plates.

Digestion:

. Digestive system is usually complete, axial or coiled anus is absent in ophiuroids.

Respiration:

- Performed by dermal branchiae, tube feet, respiratory tree e.g. sea cucumber and bursae
e.g. spiny brittle star.

Transport:

. Blood vascular system is much reduced.

Exeretion:

- Excretory organs are absent.

Nervous system:

2 Nervous system includes a circumoral nerve ring and radial verve-cords. There is no
brain.
Examples

The examples are starfish, sea cucumber, sea lily, brittle star and sea urchin.
‘ (Cake urchin) The body may be flattened like biscuit.
i (Starfish) Star shaped with short arm.
r (Sea urchin) Globular.
r (Brittle star) Star-shaped with long arms.
(Sea cucumber) Elongated.
Importance of Echinoderms:
r Many echinoderms are used as food.

KETS - PREP BOOK
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skeleton of echinoderms is used as fertilizer because of their hig . j

. Dried

calcium and nitrogen.

. Starfishes act as scavengers and thus clean scawater.

. They cause damage to oyster beds.

. The stinging sea urchins are poisonous.

9. PHYLUM HEMICHORDATA

. They show characteristics of both echinoderms and chordates and both phyla bel ong tg
the group deuterostome branch of animal kingdom.

. Hemichordates are also called Prochordates because of their close Tﬂ]ﬂhﬂnﬂnp to
chordates.

General Characteristics:

Habitat:

. The hemichordates are called acorn worms. All hemichordates are marine.

Mode of Life:

. Some are solitary, naked and slow moving, others are sedentary.

Body Structure |

. Body is soft and unsegmented and has a worm like form. 9

. Body has three distinct regions: proboscis, collar and trunk.

Symmetry: ;

. Symmetry is bilateral and hemichordates are triploblastic. Body cavity is a true coelom.

Excretory System: ¥

. Excretory system comprises of a glomerulus situated in the proboscis and nL‘.lJi_nj:M:u‘;t»:.tiwl'lid

blood vessels. There are no nephridia.

Reproduction:

. Sexes may be separate or united. Fertilization is external. Development may include I
swimming larval stage.

Respiration:

“ Occurs by gill slits connecting the pharynx with outside as in chordates.

Circulatory System:

. It includes a dorsal heart and two longitudinal vessels, a dorsal and a

interconnected by small lateral vessels. Blood is colorless and without corpuscles.
Nervous System:

. It is diffused, consisting of an epidermal plexus of nerve cells and nerve fibers.
Examples:
. Balanoglossus, Saccoglossus,
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Filanasis
Malaria Protozoa
Dengue fever 7 Virus
Rift valley Fever Virus
Ticks Lyme disease Bacteria
Rocky mountain spotted fever |  Bacteria
Relapsing Fever |  Bacteria
Deerflies | Tularemma Bacteria
Tsetse flies | African sleeping sickness Protozoa
Fleas | Endemic typhus ' Bacteria
Bubonic plague Bactenia

10. PHYLUM CHORDATA

. The representatives of the phylum chordata called the chordates, are the most familiar,
adaptable and successful and the most widely distributing animals, showing diversity of
form, habitat and habits.

Characteristics of Chordates:

All the chordates possess four basic characteristics, which are:

- Notochord

. Dorsal hollow nervous system
Gill slits
. Postnatal tail

Notochord

. The notochord is a solid un jointed rod located in the mid-dorsal line between the gut and
CNS outside the coelom.

. The notochord serves as an axial endoskeleton, giving support to the body and providing
space for muscle attachment.

. In some lower chordates the notochord partly or wholly replaced in the adult state by a
jointed backbone or vertebral column.

Dorsal Hollow Central Nervous System

& The central nervous system of all the chordates consists of a single, tubular fluid filled,
non-gangliated nerve cord. _ :

:; It is situated along the mid dorsal line above the notochord and outside the coelom. 4

ill Slits

The gill slits (pharyngeal pouches) are paired p-erl‘nminFs on the lateral sides of the
anterior part of the body, leading from the pharynx to exterior.

Post-anal Tail ’
It extends beyond anus; puﬁtnutlustmm'bt}'n;repmw_
into tail bone in humans. -

1
2
3.
4
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® vertebral column. T
a Group Protochordata (Acran :
Prfg“tn'!;:hmdma has been divided into tWo sub-phyla:

()  Subphylum Urochordata

(ii)  Subphylum Cephalochordata

(i)  Subphylum Urochordata

Characteristics : -

. The body is covered by a covering called tunic 50 they are called tu nicates.

. On the outside are two projections: The incurrent siphon which corresponds to the
anterior end of the body, the excurrent siphon that marks the d{:-,rs_fal side.

. Larva has a mid-dorsal supporting rod, the notochord, in the tail, so the group has been
named urochordata. The notochord usually disappears during metamorphosis, so that
adult has no skeleton.

Examples

The examples of urochordates are Ascidia, Halosymthia, etc.
B o
I ] | gt
Group - Acrania &ﬂﬁ-m Lo P
(No Clmia {Cranium is present) "
Subphylum - Urochordata Subphylum - Cephalochordata Subpleybmm - bl il '
(tunicates) (lancelets) = el
5‘-‘;“':1“ Suepeer
i
Class C'I.li
Myxini Cephalospidomorphi
a_'_ r.:llu el 1 T
Chondrichthyes  Osteichthyes  Amphibia  Reptilia  Aves  Mammalia
(ii)  Subphylum Cephalochordata
Characteristics
. Body is fish like.
. It has no head but tail is present.
. Notochord extends the entire length of the body.
. There is no organ for respiration.
Examples

The examples of cephalochordate are: Branchiostoma (Amphioxus) (lancelet)

(b) Group Craniata
' Craniata has one subphylum i.e. vertebrata.

- PEESS—— W V)
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Subphylum Vertebrata
The characteristics that give the member of this group the names “vertebrata™ anc
“craniata” are; ertebrata

Spinal column of vertebrae, which forms the chief skeletal axis of the body, and a;
. Brain case or cranium.
Classification of Subphylum Vertebrata
Subphylum vertebrata is divided into two super classes;
1. Agnatha
b. Gnathostomata
SUPER CLASS AGNATHA (Jawless Fishes)
General Characteristic of Super Class Agnatha:
Body Structures
Body slender, eel-like, and rounded with naked skin, the caudal fin extends anteriorly
along the dorsal surface.
Skeleton
Skeleton is fibrous and cartilaginous and the notochord is persistent.

Reproduction

Sexes are separate. Fertilization is external and there is no larval stage.
Examples

The examples of agnatha are Hagfish, and Lamprey.
Classes in Agnatha

It is divided into classes:

L Myxini

II. Cephalospidomorphi

L. Myxini

. There are no paired appendages and no dorsal fin in class Myxini.

. Biting mouth with two rows of eversible (to turn outwards) teeth in class Myxim.,

Il.  Cephalospidomorphi

. There are one or two median fins and no paired appendages in class Cephalospidomorphi.

. The oral disk is sucker like and tongue with well-developed teeth in class

Cephalospidomorphi.
Evolutionary Adaptations in Super Class Agnatha:
Buccal funnel and toothed tongue for a device for blood sucking in absence of jaws.
Dorsal nerve cord with differentiated brain.
There are five to sixteen gills for respiration in class Myxini.
There are seven pairs of gills each with external gill opening in class Cephoalospidomorphi.
SUPER CLASS GNATHOSTOMATA
It is divided into six classes:
1. Chondrichthyes
2. Osteichthyes
3. Amphibia
4. Reptilia
5. Aves
6. Mammalia
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le (fusiform) shaped.

B0y 8ol is laerally compressed and spind
Location of Mouth
Mouth is ventral.
Olfactory Sacs _
Olfactory sacs are not conn

ected to mouth cavity.

Skin Skin is tough and covered with minute placoid scale. .',-
™ The pectoral and pelvic fins are paired. There are two dorsal fins. The caudal fin jg
Skeleton o |
Endoskeleton is entirely cartilaginous. i
Digestive Tract , 20
" Digestive tract leads into the cloaca. Stomach is j shaped. :
Circulatory System

The circulatory system consists of two-chambered heart. There is one atrium and one
ventricle. There are 5-7 pairs of aortic arches.

Respiratory System _ -
Respiratory system includes 5-7 pairs of gills, without operculum.

~ Swim Bladder

E
.

2,
Ge

Body Shape

Skeleton

Swim bladder is absent.

eproduction
Sexes are separate. Gonads are paired. Fertilization is internal. Most forms are oviparous
OT VIVIPArous.

Examples

It includes the sharks, dogfishes, rays, skates and chimaeras. ,
volutionary Adaptations in Class Chondrichthyes:
Spindle shaped body, slippery skin, presence of scales on the body protect the animal.
Ventral mouth is suited for capturing prey at the bottom of the sea.
Internal fertilization, nourishment and protection of the embryo in the mother’s body are
evolutionary adaptive feature, .
CLASS OSTEICHTHYES (Bony Fishes) "
neral Characteristics of Class Osteichthyes:

Body is usually spindle-shaped and streamlined for active movement through water.

Endoskeleton is partly or wholly bony. Vertebrae are numerous. Pelvic girdle is often
absent. Notochord persists in a greatly reduced form. Skin usually contains dermal scales
embedded in the dermis. '

Fins
Both median and paired fins are present. Pelvic and pectoral fins are paired while €
fins are single. The caudal fin is homocercal. '
KETS - PREP BOOK
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Location of Mouth Jiste
Mouth is usually terminal, i.¢. anterior end often bears numerous teeth. T

Jaws P
Jaws are well developed. i
jve Tract ;
Anus is present and cloaca is absent.
Respiratory System _
The four pairs of gills are supported by a bony arch. They are covered by operculum.

Spiracles are mostly lacking.

Swim Bladder |
Swim bladder is usually present with or without connection with the pharynx. Swim

bladder helps in buoyancy.

Circulatory System
Heart is two chambered, having only one atrium and one ventricle. There are four pairs of

aortic arches. Red blood cells are oval and nucleated.

Nervous System
Brain has ten pairs of cranial nerves.
Reproduction
Sexes are separates. Gonads are paired. Fertilization is generally external. Most forms are
oviparous. Some are oVoviviparous or even viviparous.
Evolutionary Adaptations in Class Osteichthyes:
Body is laterally compressed spindle shaped and has slimy skin.

L]

. Strong segmental muscle for efficient swimming device.

. Gills help in respiration.

. Air or swim bladder enables the fish to easily shift from one depth to another. Gill rakers

check the loss of food.
. Lack of teeth in the jaws is correlated to the herbivorous diet.
3. CLASS AMPHIBIA
General Characteristics of Class Amphibian:

Body Structures :
Body varies considerably in forms, is divisible only into head and trunk.

Locomotion
. Most have two pairs of pentadactyl limbs with 4-5 or fewer digits.
. Some are without legs, e.g. caecilians.

Webbed feet often present, e.g. frogs.

L]

Skin
Skin is often smooth, moist and rich in glands. It 1 _higJﬂy vascular. Smlmmt ggnmn_n,r
absent. In some glands are poisonous, chromatophore pigment cells are present in the skin.

Respiratory System A T '
In larval stage respiration takes place by gills. In the adult s respiration take place by lungs and skin.

Circulatory System . , _ ; | _
Heart is three chambered with respect to atria ventricle. Sinus venosus, truncus arteriosus

_ are present. Double circulation takes place through the heart.

eproducti i

Rep S:i;nm separate. Gonads are paired. F:ru‘!izatiun may be e::tu-nul or mtuml. _ung
forms are oviparous. Development takes place through metamorphosis. Amphibians are
an amniotes.

| KETS - pREP BOOK
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Body temperature is variable, i.e. poikilothermic [mlhm). Most form
hihumuun in winter.
Frogs, toads, salamanders, caecilian, mud puppy etc.
Evolutionary Adaptation in Class Amphibia:
Limbs for movement on solid substratum.
Lungs for breathing.
Internal nares make breathing possible by keeping mouth closed.
Slimy skin for protection against desiccation.
Changed in circulatory system to provide respiration by lungs and skin.
. There is reduction in bones to make the body lighter.
4. CLASS REPTILIA
General Characteristics of Class Reptilia:
Locomotion
There are two pairs of pentadactyl limbs, each typically with five digits.

Skin
Skin is rough, comified and dry, which is adapted to land life.
Circulatory System
Heart is incompletely four chambered, having two atria and partly divided ventricle.
Crocodiles have completely four chambered heart. '
Thermoregulation
Reptiles are cold blooded animals, i.e. poikilothermic (ectotherms) and hibemate in winter.
yroduction
Sexes are separate. Gonads are paired. Fertilization is internal. Mostly forms are
oviparous. Eggs are large, amniotic and have large yolk eggs. Eggs are enclosed by
leather or limy shell for protection. Embryo is protected by three embryonic membranes
y known as amnion, allantois and chorion.
Example
Tortoise, lizard, snake, crocodile and alligator etc.
Evu-]utmnnry Adaptations in Class Reptilia:
Reptiles show the advancement over the amphibians in having:
A dry skin which enables them to live away from water. :
Separation of oxygenated and deoxygenated blood in the heart. ' f
A neck movable independent of the body.
Better mechanism of breathing.
Fertilization is internal.
Egg with shell for protection on land.
CLASS AVES ’
General Characteristics of Class Aves:
Body Shape
Body of aves is streamlined and is boat shaped.
Body Structures
It is divisible into a head, neck, a trunk and a tail. Neck is very long and tail very
Jaws extend into homy beak. Teeth are absent.

the & 8 8 880
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Due to air spaces skeleton is light. Skull has large sockets.
Heart s four chambered, having two atria and two ventricles. There is only right aorta,
s [ltcurves to the right side and then bends backward. y

Thermoregulation 4
Respiratory System ¢

Respiration Tits pl.l:oe on‘lly b¥ ll;;;%s A s‘ystﬂn of thin walled air sacs lying among the
viscera maintains the supply of fresh air through the lungs. Voice box, minx lies at
the trachea and bronc hi_.ppy g i M i
Digestive Tract
Alimentary canal has muscular structure called gizzard, which is used for crushing food.
Excretory System
Excretory system consists of a pair of kidney. The ureter open into the cloaca and the
unnary bladder is absent. The urine is semisolid and uric acid is main nitrogenous waste,
Reproduction
Sexes are separate. Fertilization is internal. Eggs are large with much yolk. Only one
ovary and oviduct is functional. '
Examples
Some birds have secondarily lost the power of flight and are called running birds, e.g.
ostrich, kiwi, etc.
Evolutionary Adaptations in Class Aves:
. An insulated covering over the body is present.

. Better acration of blood in the lungs, taking place during both inspiration and expiration.
*  Complete separation of venous and arterial blood in the heart. rholl
. A regulated body temperature keeps the aves equally active all the vear round.

L]

Pattems of behavior, such as care for the young ones, nest building, courtship and
affection for the mate and migration, which are practically unknown in reptiles.
6. CLASS - MAMMALIA

Intreduction r
Mammals give birth to their young ones. Mammals feed them on milk produced by
, mammary glands of mother. j
General Characteristics of Class Mammalia: )
Body Structures vl

Body is variously shaped and divisible into a head, a neck, a trunk and a tail. Coelom is
completely divided into ammorsnmll:nhmcmmmyandpoﬂum arger cavity by s
pinna is present. Voice apparatus is well developed, and consists of larynx and epiglottis.
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(1)

P -Egg la
Prototheria-Egg laying :

(2)  Metatheria-
?) mmmm The Monotremes
General Characteristics:
wln:ln;;wunﬁ are found in Australia. Certain members of this sub-class m
aquatic life, ¢.g. Duck bill platypus.
i Sguuc?brd?pluypm has a bill similar to that of a duck and has webbed toes.
Ewmn‘?’hcmw;ﬂ::smﬁ.;ih;iem is a mmtm Ezﬁﬁ;; ﬁhlﬁ and mammals. lt. oV

idence of evolution and origin of m
':; mammalian features of the Monotremes are that female has mammary g

feed their young's. 4
. mupﬁun features include the presence of cloaca and cloacal opening (instea
separate opening for digestive and urinogenital system).
Examples
mp‘m: examples of monotremes are Duckbill platypus and Echidna-spiny ant m
2. SUB CLASS METATHERIA - The Marsupials

General characteristics:

Occurrence
The marsupials are found in Australia and America.

Structures , H ,
The females have an abdominal pouch the marsupium, where they rear their young.
Rearing
The young one’s when borne are immature. The nipples mmthcpouch.
feeds the young ones and carries them in the pouch till they are matured ex
Examples _
The examples of marsupials are: opossum, kangaroo and Koala.
3 SUB-CLASS EUTHERIA - The Placentalis
General characteristics:
Embryological Development
Development of young one takes place inside the body of the mother.
Establishment of Placenta
Developing placental mammals are dependent on placenta an organ of excl "
matemal blood and fetal blood. Nutrients are supplied to the growing off
3 wastes are passed to the mother for excretion.
mmmgsmhmﬁ:llydevdwmw,ngmmmu. i
stage of development. These mammals are called placental mammals. A Il

mmﬂshwmmﬂmchlmnm |
Eﬂm _ P
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In some hair have been modified into scales in pangolin, mi‘ spines in porcupine

FEI“ mples of the placentalis are man, whale, elephant, horse, rat mice dolphin, cat
tiger, lion monkey, gorilla etc. =i i
Evolutionary Adaptations in Class Mammalia:

h' A

- A regulated body temperature. This makes them independent of environmental change,
keeping active throughout the year. :

. Complete separation of venous and arterial blood in the heart.

. An active life and a high rate of metabolism. o

. More efficient mechanism of respiration due to the presence of a diaphragm. ’
A A separate respiratory passage that avoids interference in breathing during feeding. ]

. Better developed senses of smell, sight and hearing. 5

. A more highly developed nervous system. ]

. Large cerebrum and cerebellum provide for better coordination in all activities and for

leaming and retentive memory.
Patterns of behavior, such as care and nursing of the young ones present.

’ 9. What is the probable sequence in which the following classes of animals
originated, from earliest to most recent?
1. Tetrapods 2. Vertebrates 3. Deuterostomes 4. Amniotes 5. Bilaterians

AS5=3—22—4—=] B.5—23—=22—1—-24
C.5—-3—-4—=2—=1 D3i=s5—=d4—=22—=1

10. All of the following are related to adaptations for parasitic mode of life
except:
A. Formation of resistant cuticle B. Presence of a specific host

C. Degeneration of nervous system D. Development of adhesive organs
11. Which of the following can be used to distinguish a nematode worm from an
annelid worm?
1. Type of body cavity
2. Number of muscle layers in the body wall 3. Presence of segmentation
4. Number of embryonic tissue layers
5. Shape of worm in cross-sectional view

A. 2 only B.2and 3

C.1,2,and 3 D.1,2,3,and 5
12. Which era is known as the "age of reptiles™?

A. Cenozoic B. Mesozoic

C. Paleozoic D. Proterozoic
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COURSE CONTENI

. Introduction and Characteristics of Enzymes

. Enzyme Structure

. Mechanism of Enzyme Action :

. Factors Affecting the Rate of Enzyme Action

. Enzyme Inhibition

d Classification of Enzymes : . g ’

INTRODUCTION AND CHARAC] ERISTICS OF ENLZYMES - N

Introduction of Enzymes v ™

. The sum u:‘!:ﬁ the chemical reactions going on in a cell |s!knuwn as mﬁﬂm._ hese
reactions have to be carried out very quickly so that their products can be utilized i
various life activities in the cells. Emgymes are biological catalysts which speed up the
biochemical reaction and remain unchanged after completion of reaction.

. Without enzymes, reactions are possible but they would proceed at very low speed

Characteristics of Enzymes

They lower the activation energy of the reactants.
They are highly sensitive to even a minor change in pH, temperature and substraie
concentration.

They require aqueous media for their activity.

Some may require co-factor for their proper fu nctioning,

They can work in-vivo as well as in-vitro,

Some enzymes are potentially maging. if they are manufactured in their active form

I. An enzyme that is produced in
A. EcuRll B. Pepsin
C. Trypsin D. Chymotrypsin

making life impossible.

All enzymes are globular proteins, having specific chemical composition due to their
component amino acids. 5 il

They increase the rate of reaction el CRITICAL CONCEPT! |
without themselves being used up, and .

do not affect the equilibrium of the
reaction.

Their presence does not affect the
nature or properties of end products.
They are required in very small quantity.
They are specific for each type of TS
reaction or group of related reactions.

Turnover Number:
The turnover number of an enzyme is the
. maximal number of molecules of §
| substrate converted to product per active
site per unit time.

its active form:
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 Ribogy are the enzymes which mnmsl ol:ﬁNA and ¢ found in ribosoRIERE
= fof , : - are found in ribosomes. Fo
exampl!ﬁ. peptidyl transferase is a ribozyme which forms peptide bonds durin

B iy o> e made up of hwndreds 'of amino, acids; sodNHETEE igh
molecular weight ranging from 10,000 to gver one million Daltons, and exhibit tertiary or
quatemnary structures.

»  Mostof the amino acids maintain its globular shape while few are involved in catalysis.
Active sife is a charge bearing, three dimensional cavity of enzymes and is further divided
into two functional sites i.c. binding site and catalytic sites. Shape of the active site is
designed according to the substrate.

. Active site consists of 3-12 amino acids which may be scattered in the polypeptide but
are brought together in a particular fashion due to secondary and tertiary folding of the
protein molecule.

S The substrate molecule is attached to the active site
hydrogen bonding, and hydrophobic interactions.

. Binding site make bonds with substrate, thus involved in recognition and ES complex
formation. This reaction activates the catalytic site.

. Activated Catalytic site is involved in the transformation of enzyme-substrate complex
into enzyme and product. =

bv mon-covalent interactions, like

7 | crimicaL TinkNG R |

2. Which of the following en:zyne is attached to an organelle in a cell?
A. NADP reductase B. RNA Polymerase 11

C. Phosphofructokinase D. Citrate synthase

Cofactors
& Non-protein part of enzyme that is required for its proper functioning is called co-factor.
*  These cofactor acts as bridge between enzyme and substrate. It also acts as source of chemical
energy, helping to drive reactions which would otherwise be difficult or impossible.
*  The cofactor may be inorganic or organic malem{es. Sll_l-':‘h mme%?,mc cofactor that is
detachable is called activator ¢.g. metal ions like Fe™, Mg™, Cu™, Zn™ etc. These are only
altached to the enzyme when substrate gets bind. _
The organic cofactors are either co-enzymes or prosthetic groups. _‘ , :
. Ifa cofactor is organic and loosely attached to the protein part, it is knm:'n as coenzyme.
Coenzymes are the derivatives of vitamins. For example, ATP, NAD" and FAD" are
common coenzymes. ; my sl e , =
*  Ifacofactor is covalently bound to the protein part, then it is called pmk:;km Ix
Permanently attached to enzyme and does not detach after the completion of reaction.
- e e in ring attached to some enzymes like cytochrome.
€xample, an iron containing porphyri i PR
i isting of polypeptide chain and a cofactor is known as
An activaied enzyme consisting of polypeptide ¢l T
o, s has been removed is called ape
An enzyme with its coenzyme or prosthetic group a
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 Vitamin B, (niacin) P - the hydride ion (H')

Vitamin _ Mﬁ"ﬂ“’b‘l"":i“mlmin Intramolecular rearrangement reactions
%‘E:-lfin 7 - ;E::n ! | Carboxylation reactions

VIECHANISM OF ENZYME ACTION

Mechanism | oo
In an enzyme-catalyzed reaction, the substrate first binds to the active site of the enzyme

to form an ES complex, and then the substrate is converted into product while it &
attached to the EP complex, and finally the product is released. .

E+S — ES Complex — EP Complex — E+P
Actually, the enzyme can make the local conditions inside the active site quite differest

' " -
from those outside, such as pH, H:O concentration, and charge, so that the reactio

more likely to happen. - .
. Activity of enzymes in a cell can be regulated by its products. When the aﬂlﬁ}'ﬁ
enzyme is inhibited by its own product, it is called feedback inhibition or end proces
inhibition. ;
. Similarly, increase in concentration of substrate can cause increase in rate of react |
This activation is called precursor activation. -

Feedback inhibition

Intermediate substances

2 .
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which a change in a given direction causes additional change in the same directic
negative feedback loops, in which a change in a given direction causes change in the
opposite direction.

WA
FECLIONEL, <LENA

llld Key Model

,  Emil Fischer proposed Lock and Key model in 1894,

,  According to this model, the active site of the enzyme has definite shape and rigid
structure. Therefore, a particular substrate can only bind to the active site.

,  Thereis ne modification or flexibility in the active site before, during or afier the enzyme
action.

" The enzymes which work according to this model are called nmon-regulatory enzymes.
However, this model is exercised by a very small number of enzymes like sucrase,
maltase €tc.

«  The ability of enzyme to catalyze one specific reaction is perhaps its most significant
property. When one enzyme can catalyze only one substrate and essentially no others, it
is called absolute specificity.

_ cRITIcAL THINKINGD |
4. Pick an enzvme that catalyzes two different substrates together but pmguces a

single type of product:

A. Carbonic anhydrase B. DNase b
C. Pepsin D. Reverse transcriptase

m- Fit Model y
*  D.Koshland proposed Induce Fit Model in 1959 that is the modified form of Lock and
Key model.

, : | Ll ible: therefore, it can be modified as the
*  According to this model, the active site is flexible; therefore, it can gt
Subsua[egmtgmcts with the enzyme and as the reaction is completed, the active site
regains its original shape. : : b ok 1, hetraies
*This is the flexibility of active site which allows more than one Wi imﬂlf;::d e
10 be attached on active site and therefore, an cnzymi';lm :ﬂﬂ}f ou '“O: x ags
related reactions. For example, carbonic """-"“".."‘“CO .1"; el ’ e
well as can control the formation of H2COs and HCOs ) LA o Sl
. : S o T e it mechanism are called regulatory ot ¢ re
L Enzymes which follow induce fit mec

R
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FACTORS AFFECTING THI It T
The rate of enzymatic reaction is mell'ﬂﬁ:f by
amount of substrate ged or &nennmmt
product formed, during a period of time.
Temperature :

. Heating increases molecular motions. Thus,
the molecules of substrate and enzyme move 1200
more quickly, so probability of reactions 10 R —

. ?:;ET::; temperature affect the rate of reaction in such a way ;hat an increase of
10°C in existing temperature doubles the rate of reaction but this cffect remaing

aplimum lemperamre. . | " -
- Optimum temperature is the temperature at which an enzyme works at its maximug, . _.

e.g., for enzymes of human body, 37°C s lh{? optimum temperature. :
. If the temperature is increased above the optimum tc_mpcraturc._ﬂ_‘mn a dm in the rgy

of reaction occurs despite the increasing frequencies of a:i::l’usmr{‘ This is becauss e

atomic vibrations become too violent and, globular structure essential for enzyme act

is lost and. enzyme is said to be denatured. :

Low temperature preserves the enzyme
in temporarily inactive state that is why
food is kept in refngerators so that
microbes cannot act well at low
temperature; activity can be regained at
normal temperature agam.

High temperature destroys enzymatic
activity because proteins are denatured
by heat (Primary structure of protein is
however not lost; activity cannot be
retained even at normal temperature)

x | £ 5 '
. If temperature is reduced to near or below freezing point, enzymes are inactivaied, &
denatured. Enzymes will regain their catalytic influence when higher temperature s
restored.

m
-
b o
ar
=
T

CRITICAL THINKING' R L

| 5. What is the best reason to explain the high tolerance of temperature by Taq |
Polymerase?

A. Type of bonds are different than normal enzymes

B. Shape of protein is different

C. Number of bonds are extra ordinarily high

D. Arrangement of bonds to form Protein are different than normal enzymes
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- pH Value __

o [Every enzyme ﬁ-ln?ll_uns most effectively over a particular pH range.-This narrow range of
pH at which the maximum rate of reaction is achieved is called optimum pH.

o Enzyme configuration 1s sensitive to pH fluctuations because pH influences the charges on
the amino acid side chains that are involved in maintaining globular structure of enzyme.

Slight Change In pH

[ fiinn e T [Eh:ngemlh:mnuﬂhe

¥
Enzyme Activity Is Retarded Or Blocked)

. Extreme changfs in pH alter the ionic charge of the acidic and basic groups of enzyme
and therefore disrupt the ionic bonding (denaturation) that helps to maintain the specific

shape of the enzyme.
Pepsin 2.00 Lumen of the stomach | Hydrolysis of proteins
Sucrase 4.50 Small intestine Hydrolysis of sucrose
Enterokinase | 5.50 Small intestine Activation of trypsinogen
Salivary Amylase | 6.80 ; Oral cavity Digestion of carbohydrate
Catalase 7.60 Predominantly in liver | Decomposition of Ha0x
Chymotrypsin 7.00-8.00 Small intestine Involved in proteolysis
Pancreatic lipase 9.00 Small intestine Hydrolysis of fats
Krpinase 9.70 Liver Ez::lysss of arginine into
Enzyme Concentration
. Rate of reaction is directly proportional to amount of enzyme present, which in tum
determines the number of available active sites for that particular catalytic reaction.
L] If subsirate l;{jrlﬂi;“ntl'ﬂlifl" 15 unli:’nilcd and amount of an CTMZYITE is increased h}f two-fold
the reaction rate will be doubled. : .
" However, after a certain limiting concentration, the rate of the reaction will no longer
depend upon this increase.
Substrate Concentration ey , £ 1 -
. The rate of an enzyme controlled reaction 15 directly proportional to the substrate

concentration provided that active sites on

When all active sites are occup!
state of saturation.

Al higher concentration of enzyme, Il s
velocity. Reaction reaches to maximum at cqts _ )
: ed by substrate and no more av

Rate of reacton

» = poant of saturadbion

the enzyme are available.
\crease in substrate concentration increases reaction
librium state.

ailable, this state is called
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A. Primary structure

C. Tertiary structure n_wm
7. Temperature required to activate any inactivated enzyme is called:
n B. Maximum temperature

A. Minimum temperature
C. Optimum Temperature
| ENZYME INHIBITORS |
» A chemical substance which can react with the enzyme in place of substrate but s g

transformed into product/s and thus blocks the active site temporarily or permanently

called imhibitors and the phenomenon is called engyme inhibition. :

¢ . The molecules which act as inhibitors include peisons, cyanide, antibiotics, ang.
| metabolites, some drugs and heavy metals. _ :
. In general, the enzyme inhibition is the normal part of the regulation of enzyme acti
within the cells but sometimes when external factors cause inhibifion; it may become

D. ldeal Temperature

dangerous for life. '
. There are two type of inhibitors i.e. imeversible and reversible inhibitors. 3
Irreversible Inhibitor 1

. They occupy the active sites by forming covalent bonds or they may physically block the
active sites and they check the reaction rate by occupying the active sites. '
. The examples of imreversible non-competitive inhibitors are cyanides and ions of heavy |
metals. 1
| . C}famdes are potent pni:u:ms of iiﬁng organisms because they can kill an organism by
| inhibiting cytochrome oxidase, essential for cellular respiration. On the other hand, ions of
heavy metals such as Hg*', Ag’, Cu** can combine with ‘thiol *i enzymes, |
— : . AR, group’ in the s
breaking disulphide bridges.
Reversible Inhibitors
. They form weak linkages with the enzyme.,

. Their effect can be neutralized completely or partially by i Y. - .
of substrate. AL ¥ by increasing in the concentratios

-

R R e ——

. There are two types of reversible inhibitors i.e. con e a
Competitive Inhibitors ' % 1.¢. competitive and non-competitive.

. Competitive inhibitors are structurall

active si-li.j: but can’t activate the catalytic site, thus no products are formed.
. Competitive inhibition is usuall ¥ temporary, | |

'II“this.gl u»f Inl;‘l:]i:m de'mds upon relative concentrations of substrate and inhib
type of inhibition can be reversed by increasing concentration of substrate.

Swinie _
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Non-Competitive Inhibitor
. Non- competitive inhibitors bind with the enzyme at the site other than active site. The
other h_inding site of enzyme is called allosteric site.
. Structure of an enzyme is altered in such a way that even if the genuine substrate binds
the active site, catalysis fails to take place.

. Feedback inhibition is an example of reversible non-competitive inhibition.

= = CRITICAL THINKINGD

8. All of the followings are cases of negative feedback inhibition except:
A. Effect of high amount of ATP on Phosphofructokinase

B. Effect of high amount of NADH on Pyruvate decarboxylase

C. Effect of increased amount of thyroxine in blood on TSH release

D. Effect of suckling on release of oxytocin

. Enzymes can be classified either on the basis of reaction types that they catalyzed or on

the basis of substrate which are acted upon by the enzyme.
Classification Based Upon Reaction Types
- In 1961, a systemic system of classification of enzymes based on reaction types and
reaction mechanism was given by International Union of Biochemistry and has been
classified into six groups: 7
Enzvme Class Definition Examples

| Catalyze redox reactions of their
Oxidoreductases ; substrate and act by removing electrons | Cytochrome oxidase
L | or H' from the substrate.
. ("alalggzciﬁc transfer of spegific
Transferases functional group other than hydrogen i Hexokinase, Glucokinase
L, from one substrate to another.
KETS - PREP BOOK 159
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Lyases

el {130

Catalyze the breakdown of specific
yz: Hﬁ“d“le decs ||_r |

covalent bonds and removal of groups 1
without hydrolysis. o

| Bring about intra-molecular

rearrangement of atoms in the molecules | Phosphohexose 1somerase

Isomerases
and thus forming isomers. ]
Bring about joining together of two RNA polymems&s
i molecules by utilizing encrgy DNA polymerases

Classification Based Upon Substrate
. Enzymes can be classified on the

Type of

Enzymes

basis of substrates they use.

Definition Examples

Pepsin, trypsin, amino-peptidase

Proteases These enzymes act upon proteins | B 3
These enzymes hydrolyze lipids into _ 5 g
g fatty acid?and glycerols |i PancreaticRESS |
, These enzymes cause breakdown of ’. Am:;rlasei cellulase, maltase,
Bl irascs carbohydrates || sucrase, lactase 5
N These are involved in the breakdown of \ RNase. D "
DNA and RNA . | - b
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(ii)

COURSE CONTENT

Concept of Evolution

Origin of Life According to Concept of Evolution
Lamarckism/ Inheritance of Acquired Characters
Darwinism

Evidences of Evolution

~ CONCEPT OF EVOLUTION
Evolution refers to the processes that have transformed life on earth from its earliest form
to the vast di\‘i:l"'iiﬁ' that we observe mda\,

Evolutionary Llh‘mLL 1s based mainly on the interactions between populations of
organisms and their environments.

In the earlier 19% century, there were two schools of thoughts.

Creationists believed on the theory of
special creation while evolutionists -
believed on the theory of matural || Interesting Fact:

selection. | No two animals are the same, even if
Theory of Special Creation | they belong to the same species.
According to this theory, all living things
came mto existence n therr present forms
especially and specifically created by nature. Among the scientists who believed in divine
creation was (. Linnaeus. He grouped similar species in the same genus and similar genera
in one¢ family. But as a natural theologian, he believed that species were permanent creations.
Theory of Natural Selection —
According to this theory, organisms

u.':\'uln:d l,hr_m_lgh [lim:: e.g. one type nt: ' Soul is an intangible thing that cannot
organism giving rise (o another type of W po odied in biology because biology
Organism. ‘
It is ancient one starting from days of
Anstotle to Darwin.

However. the present-day concept of evolution is based on histon

deals only with tangible things.

Coiontict® .
Heientist’s T Achievements

Name

Life Span

. Linnacus 1707-1778 | Order in diversity of life, binomial nomenclature
 Lamarck 1744-1829 | Theory of evolution 2
J‘mﬁus ~ | 1766-1834 Essay on ‘Principle of Population’.
Cuvier f 1760-1832 | Science of Paleontology, earth’s history by catastrophism.
 Lyell “11797-1875 | Principles of Geology
' | 1. Voyage of Beagle.

Darwin 1809-1882 | 2. Books on origin of species.
LE 3. Essay on origin of species.
Mendel 1822-1884 Papers on inheritance
| Wallace 18231913 | Sent his theory to Darwin ,
_Hutton 1726-1797 | Theory of Umiformitanianism s
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survival of early life forms. _ . | -
Archaebacteria arc considered as first life form, which support this vent hypothesis
because they can tolerate temperature up to 120°C and undergone less evolutionary
changes than any other living specics. _

. As bacteria are prokaryotes, so prokaryotes are considered as first life form on earth.

1. Simplest organism would b
A. Nostoc B. Escherichia
C. Bacillus D. Thermus

Evolution of Photosynthetic Organisms

. Nutrients produced in primitive environment would have limited early life. Photosynthesis
probably feed living organisms from a dwandling supply of nutrients.

. First photosynthetic organisms probably used hydrogen sulfide as a source of hydrogen

for reducing carbon dioxide to sugars.

[ » Later water served this same purpose and oxygen liberated by photosynthetic reaction

begun to accumulate in the atmosphere.

Evolution of Aerobic Respiration

. Accumulation of oxygen in atmosphere changed the primitive environment.

. Ozone developed by oxygen in upper atmosphere began to filter ultraviolet radiations

from the sun. It is considered that about 4.2 billion (420 million) a :
; on L2 | 2 n) years enough
protective ozone had built up to make life on land possible. | e

. Some living organisms began to utilize oxygen.

Iromically, the change from a reducing atmosphere to an oxidizing a , also _
that hife could no longer anise abiotically. g atmosphere means

Evelution of Prokaryotes into Eukaryotes

Endosymbiont Hy pothesis

. Thus hypothesis was presented by Lynn Margulis,
M According 1o this hypothesis, cukaryotes and their organelles had been produced
Mn@mlﬁm“ﬂmﬁnufmwmm' 3 TDe

The prokaryotes may have anisen more than 3.5 billion years ago.

Eukaryotes may have evolved 1.5 billion years ago.

It 15 consadered that prokaryotes converted into cukaryotes. Major change is des :
7 ) _ yotes. Major change is development

of organclles. Two hypotheses are considered in this context.
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(iii)

mbaﬁm'ﬁl‘pmhﬂmcs that resembled present day cyanobacteria could have led
endosymbiotic development of chloroplast in plants.

Cell Membrane Invagination Hypothesis | :
According to this hypothesis, cell membrane of prokaryotes invaginates (folded M '
to enclose copies of its genetic material,

This invagination resulted in the formation of several double membrane-bounded entities

(organelles) in single cell. These entities could then have evolved into the eukaryotic
mitochondnion, nucleus, chloroplast etc.

Evolution of Multicellular Eukaryotic Organism :m-:l I]l'._r.-.rslity _ .
. Formation of eukaryotic cell led to a dramatic increase in the complexity and diversity of
life forms on carth.

. During evolution, cukaryotic cell became specialized into tissues, which in _u
organs for many different functions. These multicellular forms then adapted themselves

w lifie in a great variety of environment.

2 ﬂlﬁiﬁhﬂpﬁhﬂhﬂw
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LAMARCKISM / INHERITANCE Ol
Lamarek’s Theory French naturalist and soldier. He was an ey,
. La#umtﬁwlaﬂ}@n. e e .d in accordance wih
proponent of the idea that evolution oceurred and PSR T
natural laws. In 1809, he published his book Philosphie | |
Main Points of Lamarckism _ g ) \ as Lamarckism. He pictura
. The ideas about evolution presented by LamafeE = ° 0 i mals. Man was at g
evolution as ladder of life from simplest to the most comple al 1oy
rung of the ladder. ‘ [ . LT i
. Lamarck’s explanation of evolution revolved amfmd i basic assumplions; use gmg
disuse of organs and inheritance of acquired characters.
Use and Disuse of Organs R ;
. Lamarck argued that those parts of the body used extensively to cops _?a"l‘ﬂl he
environment become larger and stronger e.g. blacksmith developing a bigger biceps in
the arm that works the hammer. ‘ .
Those parts that are not used deteriorate e.g. loss of legs in snakes due to their habitat of
burrows and bushes. )
Inheritance of Acquired Characters e
Lamarck believed that characteristics which individual acquired during its lifetime were
passed on to the offspring of that individual. Such charactenstics are called acquired
characters which are often emerged by the use or disuse of organs.
According to Lamarck, through several generations, these acquired characters are
continuously inkerited and accumulated. Gradually a group of organisms would be
produced which would be better able to “cope’ with the environment due to inhented

.
|

acquired characters.

Example: Evolution of Giraffe Neck
An example often used to illustrate Lamarck’s hypothesis involves the evolution of the
giraffe’s long neck from short necked ancestors. In Lamarckian terms, this process would
have occurred as follows.

. Each giraffe, during its lifetime, would try to reach the leaves at the top of trees.
. Each animal would constantly stretch its neck in order to attain this goal.
. As these individuals reproduced, the results of neck stretching (an acquired characteristic)
would be passed on to future generation.
. Each offspring would be born with a slightly longer neck than those of its parents. Thus;
long necked giraffes gradually evolved. “
Demerits of Lamarck’s Theory
1. There is no experimental proof of Lamarckism.
2. The idea of use and disuse of proposed by Lamarck has no genetic bases and th* !
cannot be inherited to the next generation, .
« It is not necessary that the acquired characters transmit into the next generation.
4, Organs are not modified by the wish or requirements of an organism.
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“In 1831, Darwin accepted the position of

| _ naturalist broad on the HSM beagle,a Brtsh
Naval ship about to sail around the world. His major mission was to expand the navy's
knowledge about natural resources e.g., water and food in forcign lands.

in"s Observations during His Voyage
s The Beagle spent almost 2 months at the Galapagos Islands, where Darwin collected and

catalogued thousands of plant and animal specimens and kept notes of his observations
that were most important in the development of his ideas about evolution.

-ations about South American Mainland

Darwin nntilq::-d that flora and fauna of different region of the continent had a definite
South Amenican stamp, very distinct from the life form of Europe.

Further the Suulh m-z_:rit_:an fossils that Darwin found, though clearly different from
modern species, were distinetly South American in their resemblance to the living plants
and animals of the continent.

Observations about Galapagos Islands

Darwj

2

Darwin compared the animals and plants of Galapagos Islands with those of the South

American mainland. He was particularly impressed by their similarities and wondered

why the organisms of the Galapagos should resemble those from South America more

than those from other islands in different parts of the world.

His main observations were about fauna and flora of Galapagos Islands where he

collected 13 types of finches. He also observed saddle shaped shell tortoises. Tortoises on

other i1slands were having dome shaped shell.

In carly 1830°s, C. Lyell published a book *Principle of Geology’. This books presented
arguments to support a theory of geological changes proposed by J. Hurton, called
theory of uniformitarianism. Lyell pointed out that the mountains. valleys, deserts,

rivers, lakes, and coastlines could have come through the action of existing forces and
natural conditions.

Thomas R. Malthus wrote an essay on the; principle of populations’ where he mentioned
that human populations have the capacity to increase exponentially, and the food
supply has the capacity in increase anithmetically. Such a relation could result only in the
struggle for food and hence for existence itself.

In 1858, Darwin received as essay from a fellow naturalist, A. R. Wallace. In the essay,
Darwin found the theory of the origin of species by means of natural selection.

A. R. Wallace was the man who motivated Darwin to publish his book, the origin of
species by the means of natural selection. It appeared in 1359, and twelve years later,
Darwin’s Decent of man was published.

According to Darwin, new species would arise from an ancestral form by the gradual
accumulation of adaptations to different environments, separated from original habitat by
geographical barriers. Over many generations, the two populations could become
dissimilar enou gh to be designated as separate species.

n’s Theory of Natural Selection

In his Book ‘the origin of species” Darwin developed two main points i.c.,
Descent with modification
Natural selection and adaptations.

KETS - PREP BOOK 148
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Descent with Modificano | organisms related through
. Darwin l:-:hevcd in perceived unity in life, w“h .!lﬂﬂ,
from some common ancestor that lived in the rEmoTe

- v i Eﬂl&mm
ﬂﬂl‘;:l‘dmgﬁ:[hm' histc of life is like a trec. ® 'lﬂmbﬂ&ﬂ&m'
iﬂmmuﬂdlmgm“ﬂﬁﬁﬂt;TmMmﬂnhmdmh‘%
from that fork. An cxample of evolutionary tree is shown i

Natural Selection and Adaptation
L]

Darwin suggested that populations of individual species become better adapted to their
local environments through matural selection. Natural selection refers to the “differential
reproductive capacities among individuals of a’ population which indicated that some
individuals of a population are capable to reproduce while others are not.

Darwin’s mechanism of evolution by natural selection consists of four observations about
natural world.

{i) Overproduction
Production of more individuals than the environment can support.
(ii) Variations
The individuals in a population exhibit variation in their traits. Some of these traits
improve the chances of an individual's survival and reproductive success, whereas other
traits do not.
(iii)  Struggle for Existence
L

Over-production leads to the competition among individuals for limited resources ke
food, water, hight, growing space etc. The struggle may be:

KETS - PREFP BOOK
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1. Intra-specific: Competition among organisms of same species.
2. Inter-specific: Compctition among organisms of different species.
3. Environmental Struggle: Struggle against various environmental conditions.

(i) Survival of the Fittest

.  Those individuals that possess the most favorable combination of characteristics are most
likely to survive and reproduce, passing their heritable traits on to the next generation.

o It is not random but depends in part on the heredity constitution of the surviving
individuals. Those organisms whose inherited characteristics fit them best to their
environment are likely to leave more offsprings than the less fit individuals.

(v  Evolution

. This unequal ability of individuals to survive and reproduce will lead to a gradual change

in a population, with favorable characteristics accumulating over the generations thus

leading to the evolution of new species. '

Neo-Darwinism

. When Lamarck and Darwin put forward their ideas, practically nothing was known about
heredity. The origin of species convinced most biologists that species are product of
evolution.

. An important turming point for evolutionary theory was the birth of population genetics

which emphasizes the extensive genetic variation within population and recognized the
importance of quantitative characteristics.

. The emergence of population genetics has provided a clear understanding of inheritance
and variations among the individuals of a population and firm support to Darwinian
theory.

. With progress in population genetics in the 1930s, Mendelian and Darwinism were

reconciled, and the genetic basis of variation and natural selection was work out. Thus, a
comprehensive theory of evolution that became known as the modern synthesis or Neo-
Darwinism was developed in the early 1940s.

. It is called a synthesis because it integrated discoveries and ideas from many different
fields, including biochemistry, ecology, paleontology, taxonomy, biogeography, and of
course, population genetics.

. Advances in these fields have enabled scientists to identify mutation, genetic drift and

gene flow as other natural forces of evolutionary change.

EVIDENCES OF ENOLUTION hiker: -

- Evolution leaves observable signs. Darwinism was mainly based on the evidences from

the geographical distribution of species and from the fossil record.

However, there have been many evidences as biology progressed. New discovenes

~ continue to validate the evolutionary view of life.

Evidences from Biogeography

. Itis the geographical distribution of species. It was first evidence that suggested idea of
evolution to Darwin.

s According to Darwin, islands have many species of plants and animals that are endemic

! but closely related to species of the nearest mainland or neighboring island.

Armadillos (armored mammals) live only in America. The evolutionary view of
biogeography predicts that contemporary armadillos are modified descendants of ear
species that occupied these continents and fossil records also confirm existence of

- ancestors. "
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Evidences from Paleontology o oAt s A e SRR oy /I

> The succession of fossil mhnﬁuﬂmhm avor --' g ‘7 |

% It provides a visual record in a complete { criTicAL cONcEPT!
series showing the evolution of an organism.

. Fossils are cither the actual remains or traces of
organisms that lived in ancient geological times.
Hostfnai]sarcfmmdmmmnlllﬂh
Modemm  biological  sciences  places
nmkmﬁasamﬁtﬂrsufuﬂlifcand
predict that prokaryotes should pmoedc all |
eukaryotic life. In the fossil record, indeed, §
Mﬂmm“ﬁm{smqpm% b 7 :

"] - 1 I ! - o ; _

» lwimmcmmm;ﬁmw animals as shown by fossils. It shows follow X

futi arrangement: _ '
E:;ﬁmphibhm—- Reptiles — Mammals + Birds ol

Sometimes, the fossil record allows us to trace the history of one particular organism,

such as modemn day horse Equus. The earliest horses had four toes. Over the time the

numbaoﬁmmdim@dluduec,inmenmdmharsesmone,a.lmgeoemmltoeﬂm“

in a hoof. The evidences of fossil record support the common descent hypothesis.

the oldest rocks are little
older: 3.8 billion vears old.

3. Bacterial fossils may be present in which form?
A Humus B. Cast as an impression

C. Spore D. Petrified tissues

Evidences from Comparative Anatomy : {
. Anatomical similarities between species grouped in the same taxonomic category bnng ]

another support to the theory of the descent with modification. ' v |
. Comparative anatomy supports that evolution is a remodeling process in which ancestral

structures that functioned in one capacity become modified as they take on new functions.
Homologous Structures '
. Such organs, which are functionally different but
structurally similar, are called homologous organs.
Similarity in characteristics resulting from
common ancestry is known as hemology.
. This pattem of evolution in which different species
have been evolved from common ancestors at
different habitats is known as divergent ev. /ution,

| Interesting Fact: _
At one point in time, whales
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The basic similarity of these forelimbs is the consequence of the descent of all fi
The flower parts of a flowering plant are homologous. They are idered

evolved from leaves, to form sepals, petals, stamens and carpals. :

Analogous Structures
- Such organs, which are functionally ahke but structurally different, are called am!ugnus
organs. .

A These structures are of evolutionary interest because they demonstrate that population
with separate ancestries may adapt in similar ways to similar environmental demands.

o  This pattern of evolution in which different species have been evolved from different
ancestors at a common habitat is known as convergent evolution.

. For example, wings of birds and insects are examples of convergent ewlutmn

Vestigial Structures i

. Such organs, which are historical remnants
of structures that had important functions in
ancestors but are no longer essential
presently, are called vestigial organs.

. These are oldest homologous structures.

N For example, skeleton of whales and some snakes retain vestiges of the pelvis and leg bones
of walking ancestors, vermiform appendix in camivores, ear muscles in man etc.

. There are about 90 such strictures present in the human body.

CRITICAL THINKING 2

| 4. This is a historical prnthems that the development uflhe embryo of an animal, from |
| fertilization to gestation or hatching, through stages resembling or representing |
successive adult stages in the evolution of the animal's remote ancestors:

A. Theory of natural selection C. Theory of catastrophism

B. Theory of modern synthesis D). Theory of recapitulation

Tail in Humans:

All humans develop a tail in the
womb that eventually dissolves.

Evidences from Molecular Bm]ngr

relationships mnﬁg species are reflected in their DNA and proteins - in

f two species have genes and pmtems with sequences of
been

*  Evolutionary
their genes and gene products. |
monomers that match closely, the sequences must have
copied from a common ancestor. —

: Molecular  biolo provides || Junk DNA: | . o
Strong evidence f support of J| The term “Junk DNA" refers to regions of DNA

evolution as the basis for the || that are non-coding or, in other words, they do
unity and diversity of life.

|
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COURSE CONTENT

Camivorous Plants

L]

" Digestive System

. Digestion in Oral Cavity

0 Digestion in Stomach

. Digestion in Small Intestine

. Role of Liver and Pancreas in Digestion

. Large Intestine

. Some Common Disorders Related to Human Digestive System

Gaseous Exchange/Respiratory system

. Anatomy of Human Respiratory System
. Mechanism of Breathing

. Transport of respiratory gases

. Role of Respiratory Pigmenis

. Respiratory volumes

. Respiratory disorders

Transport in Plants
. Uptake and Transport of Minerals

. Water Potential

. Uptake of Water by Roots

. Ascent of Sap

b Translocation of Organic Solutes

Transport in Man/Cardiovascular system

. Blood

. Structure of Human Heart

. The Cardiac Cycle

. Mechanism of Heart Excitation and Contraction
’ Electrocardiogram

4 Blood Vessels

Y Blood Pressure and Rate of Blood Flow
Lymphatic System

Immune System

: 171
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PMC Topic-9 Life Process in Animals and p

CARNIVOROUS PLANTS

Modes of Nutrition | o CUCEE
. Drganisms mbe-dividedmclmonthﬁiﬂfMMﬁ-_

Heterotrif -

Lt !ln|l|EL ] S
Autotrophic  organisms can exist in an | Heterotrophic Orgamisms arc incapable o
exclusively inorganic -environment because mﬂﬂ“fﬂ“‘m_ OTB
they can- manufacture their own organic | simple inorganic “ummumm,mw-w
compounds from the inorganic raw material | organic molecules from the environmeny .
taken from the surrounding media. This means | the form of food

that they produce their own sugars, lipids,

teins etc. from CO;z, H:O and nitrates.

Example: Plants, Algac, Some bacteria. " Example: Animals, Fungi e

Carnivorous Plants m > ;

. There are a few plants that supplement their inorganic dmr -.-.-ul:: organic
These organic compounds are obtained by trapping and digesting insects and sy
animals. | |

. All of the insectivorous plants are true autotrophs, but when they capture prey, the
growth becomes rapid.

. Apparently, nitrogenous compounds of animal body are of benefit to these plants B
some plants, the trapped insects are decomposed by bacteria.

. In others, the trapped insects are digested by enzymes secreted by the leaves. The plag

absorb the nitrogenous compounds thus formed. 7 7

; Pitcher Plant Venus-Fly Trap Sundew

| Scientific _ _
. | Sarracenia pupurea Dionaea muscipula Drosera intermedia
' Name ‘
|
| Leaves modified into a | Leaf is bilobed with | Tiny leaves bear
| | sac or a pitcher, partly | midrib between them. | numerous  hair-liks
| -
[ filled with water. Leaf | There is a row of long stiff | tentacles, each with 2
ed i y P - ‘
| end 15 modified to form a | bristles along the mareins | o its ti
| Modification | b Bins | gland 2t neibRatliS

hood, which panly | of each lobe. Bristles | insects. atiracted by
| covers the open mouth of | interlocked upon touch of | the plant’s odour are
| the pitcher. INSects. | entangled.

| Bacteria

| | break protein of insects secreted from the glands | Proteins of insects a¢

‘| Digestion | that  are  prevented | on the leaf surface and the digested by enzymes

or enzymes | Digestion by the ri:nz}'m(-sg[ |

|I | Chm_l:mjg ju ut of pitcher | products  are  then

= by stiff hairs. | absorbed, |
- — ] A glfinrgy e I
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rﬂc aplc . - Life Process in Animals and Plants

HUMAN DIGESTIVE SYSTEM

The breakdown of complex organic compounds of food into simpler diffusible molecules
by the action of enzymes is called digestion.
Digestion may be either infracellular or extracellular. Iy intracellular digestion,
preakdown of food occurs within the cells. In extracellular digestion, enzymes are
secreted outside the cell into the gut cavity or lumen where then digestion takes place.
pigestive System
. Anatomically and functionally, the digestive system can be divided into alimentary
canal/GIT and accessory digestive structures. The structures of GIT include oral cavity,
pharynx, esophagus, stomach, small intestine, and large intestine. The accessory digestive
structures include the teeth, tongue, salivary glands, liver, gall bladder and pancreas.

. The GIT consists of a continuous long coiled tube that extends from mouth to anus.

. It is specialized at various points along its length, with each region designed to carry out
a different role. The GIT is approximately 9m/30 fi long.

. The digestive tube consists of four major layers: anm internal mucosa, sub-mucosa,

muscularis and an external serosa. These four layers are present in all areas of the
digestive tract from esophagus to the anus.

. The main parts in the direction of passage of food are:
Oral/bucecal cavity — Esophagus — Stomach — Small Intestine (Duodenum — Jejunum
s Tleum) — Large Intestine (Caecum — Ascending Colon — Transverse Colon —
Descending Colon — Sigmoid Colon — Rectum)

. The salivary glands, liver, and pancreas are not part of the digestive tract, but they have
arole in digestive activities and are considered accessory glands.

Types and Sites of Digestion

* There are two main types of digestion i.e., chemical and mechanical digestion.
. Chemical/enzymatic digestion involves the secretion of enzymes throughout the

digestive tract. These enzymes break the chemical bonds that hold food particles together.
This allows food to be broken down into small and digestible parts.

. Mechanical digestion is a purely physical process that does not change the chemical
nature of the food. Instead, it makes the food smaller to increase both surface area and
maobility.

. There are three main sites of digestion in digestive system of man:

Mechanical Digestion

Parts Chemical Digestion s
Mastication by teeth

| Oral Cavity Salivary amylase

Stomach | Gastric juice | Churning by gastric smooth muscles

Small intestine Pancreatic and intestinal juices Emulsification by bile salts

173
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L ; TETL
. In adult human beings, the oral cavity is equipped with 32 teeth. Different teeth are

adapted to handle food in different ways.
Name of Teeth Shape of Tecth Function
| Incisors (Front teeth) Chis¢el  shaped with | Used to bite off relatively large pieces of
|
: sharp edges : food
| Canines ' ("rnnx:-shﬁpgg l Useful in grasping or tearing of food
|

Specialized for grinding of food particles.

| Pre-Molars and Molars | Flattened surfaces
| 1

Functions of Oral Cavity
It performs four important functions:

1. Selection of food

2 Grinding or mastication of food

i Lubrication of food

4. Enzymatic digestion of food

Selection of Food

. When food enters in oral cavity, it is tasted, smelled and felt. If the taste or smell is

unpleasant or if hard objects like bone or dirt are present in the food, it is rejected.
Oral cavity is aided in selection by the senses of smell, taste and sight.

. Tongue being sensory and muscular organ plays the most important role in the selection

~ of food through its taste buds.

Grinding or Mastication

. After selection, the food is ground by means of molar teeth into small pieces. This is
useful because:

——— —
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~ Lubrication & Enzymatic Digestion P . -

- m ul- . T m : of f ang. 7% s

Parotid glands (Largest) | In front of ears Sahvlmlhmylﬂ cavity
Sub-mandibular/ Sub- | b iy — [Saliva with amylase and | o oeun) cavity

5 ’ ands o | :fmal=
uhllmswl glands | b 10w tongue | Saliva with mucus only Floor cavity
Smallest) §o 3

Saliva

Fresh saliva is alkaline with pH nearly 8, quickly loses carbon dioxide and gets to pH 6.

It has three major components:
Components

Moisten and lubricate food

Water and Mucus (Glycoprotein)
Sodium bicarbonate and some other salts | Stabilizes pH and is slightly antiseptic
Starch/ Glycogen — Maltose (only about 3% -5%) |

Salivary Amylase/ Ptyalin

Saliva prevents bacterial infection in the mouth as it contains [ysogyme and
antibodies/immunoglobulins. :

Phy siu!l_i_'_*_\ of Oral Cavity

Anatomy of Oral Cavity |
Teeth Mastication/ Mechanical digestion of food
Lips . | Communication, Hold fogg in position
' Manipulation of food, hold food, Cleansing of teeth, Taste,
Tongue Communication, Swallowing, mucus and serous fluid
| production.
Soft Palate Prevents entry of food in nasal cavity
Salivary Glands Chemical digestion of food mainly carbohydrates
Hard Palate Palatine bones
Pharynx

. The pharynx is a cavity behind the mouth. It is common passage for digestive system and
respiratory system. It is lined by mucus.
Swallowing
. As a result of mastication, softened, partly digested and slimy food mass is rolled into
small oval lump called bolus, which is then pushed to the back of the mouth by the action
of tongue and muscles of pharynx. '
. Transfer of bolus from buccal cavity to pharynx and then to esophagus is called
swallowing/ deglutition.
. Beginning of swallowing is voluntary action and then it becomes involuntary. Th
swallowing procedure is regulated by nerves in the medulla oblongata and pons.

w-nﬂm
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s of Swallowing |

Even 2y : "
: Tongue moves upwards and backwards agains ; gy : to the
(i back of the mouth cavity. against the roof of mouth, fm‘:mgthebﬂhlf
oft palate is pushed up by tongue which closes n: : _ g oy

(if) So - o ich closes nasal opening at the back.
(iii) Tnngu:: f?l'ﬂﬁﬂ:hc cpug!ums m’?“f.'-‘"ﬁhs@}imﬂ 1oreoc Tesz horiacntalxIRONINS

il °;§;“3 ¢ opening of windpipe (glottis). Epiglottis diverts the bolus toward
@) The larynx (cartilage box round the top of windpipe) moves upward under the back of the

tongue.
(v) - The glottis is partly closed by the contraction of ring of muscles.

Swallowing
thee sl ety
S copebiti
sphincter (UES) dased — [Epiglottis biocis
Esophagus Mok

Peristalsis )
. Peristalsis is characteristic movement of digestive tract due to alternate contractions and

relaxations of smooth muscles by which food is pushed along the digestive tract.
. It consists of the wave of contraction of circular and longitudinal muscles preceded by the

wave of relaxation thus squeezing the food down alﬂqg the canal.
. Relaxation of circular muscles in front of food is followed by a wave of strong

contraction of circular muscles behind food. | - _
. Peristalsis starts just behind the mass of food, from the buccal cavity, along the

esophagus to the stomach and then along the whqle alimentary canal.

Peristalsis
il
— - E:;l:-.tf;lhn -
\fﬂﬂi\\\’ -
Ha-h:iq-r:n\
-~
Food
e
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Esophagus | i
«  Esophagus exiends between the pharynx and the stomach, and is about 25cm fong.
o It begins at the base of the pharynx and descends behind the trachea. It penetrates the
- diaphragm and continuous with the stomach.
. Digestion which started in the oral cavity continues in the esophagus.
’ DIGESTION IN STOMACH

Introduction

. Stomach is enlarged segment of the digestive tract and located in the left superior part of
the abdomen, immediately below the diaphragm and is designated as elastic muscular
bag. |

. It is typically J-shaped when empty, the stomach is continuous with esophagus anteriorly
and empties into the small intestine posteriorly. '

Anatomy of Stomach

. First part of stomach where esophagus empties its contents into stomach is called cardiac
region.

. At the junction between esophagus and the stomach, there is a special ring of muscles
called cardiac sphincter. It is also called as lower esophageal sphincter (LES). When the
sphincter muscles contract, the entrance o the stomach closes and prevents backward
movement of food. It opens when a wave of peristalsis coming down the esophagis
reaches it. '

. Point where stomach joins duodenum is called pyloric sphincter. Stomach empties into
the duodenum through the relaxed pylonc sphincter.

. Stomach wall is composed of four principal layers i.e.

(i)  The outer most layer of connective tissue called serosa or adventitia.

(i)  The muscularis of the stomach consists of three layers; an outer longitudinal layef
middle circular layer and an inner oblique layer.
tube-like gastric pits which are the openings of gastric glands.
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Gastric Glands

. Stomach has both exocrine and endocrine glands. Exocrine glands secrete gastric juice
while endocrine secrete gastrin.
| Secretions |

Functions
*» Thick secretion
Mucous cells Mucus | o Covers inside of stomach

» Protects stomach wall

+ Maintains pH between 2-3

s Provide acidic medium for enzymes action
s Softens food

+ Kills microorganisms

Parietal/Oxyntic cells ::irt]f;f . [‘un-_.:ens in,ai,;l;iw pepsinogen into pepsin
Factog s Inactivates salivary amylase |
« Low pH denatures/mis-fold many proteins which
helps in their digestion
e Inirinsic factor helps in the absorption of vitamin
Bi2 in the ileum.

Zymogen/Chief/Principal St ¢ Hydrolyzes proteins into peptones and

“ﬂz i P Pepsinogen pt‘::!l}']w;ﬁ d; 1

‘G-ttlls-"EnducrinE: cells Gastrin , p :;ﬁ::i:if:;:; ¢ juice production; secretion &

. Pepsinogen is activated in the stomach lumen by hydrolysis, with the removal of a short
peptide. It is initially activated by the HCL The activated enzyme then acts
autocatalytically 1o increase the rate of formation of more pepsin. The whole mechanism
is summarized in the following equations:

Pepsinogen —rf_——} Pepsin
] Proteins — == Polypeptides + Peptones

— m—
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lns of Stomach

| Food Storage

.l It stores food from meals for some ti i \ : 2 -

* Digestion of Food ime, making discontinuous feeding possible.
,' It partly digests protein food,

. S'F'm_“"’h shows both chemical and mechanical digestion. Mechanical digestion is carried

out by middle muscular layer and is called churning, while chemical digestion is carried

out by gastric glands. Muscular walls thoroughly mix up the food with gastric juice.

End result of digestion in stomach is formation of semi-solid mass called chyme.

Absorption

Stomach is involved in the absorption of some chemicals like aspirin and ethanol.

Defense/ Immunity

Mugous membrane and HCI act as barriers a oainst g f

DIGESTION IN SMALL INTESTINE

. The small intestine consists of three T
parts i.¢. duodenum, jejunum and
ilenm.

.
3.
.

4.

/'/ Proteolytic Enzymes:

. The entire small intestine is about 6- Pepsin, trypsin, chymotrypsin,
Tm long. carboxypeptidase, aminopeptidase all

act on the proteins but having different

Duodenum , ] . .

e o i firSt G e AT tart amino acids as their target site, for

" I_.I.L'l (el | . & : sL and .'iL 8 'I(:HL:-.? part example
of small intestine and is about 20-30 Pepsin: Act on acidic and aromatic
cm long, amino acids _ )

. When food enters the duodenum, the Trypsin: Act on arginine and lysine
il g ey O Chymotrypsin: Act on tryptophan,
secretions of pancreas and liver | o S g :

B phenylalanine, tyrosine, leucine
poured into it. ] Carboxypeptidase: Carboxyl group of
. Duodenum also has its own secretions. terminal amino acids
. It acts both as exocrine and endocrine || Aminopeptidase: Amino group of
. terminal amino acids
gland.
. Exocrine function of duodenum is

secretion of intestinal juice and
endocrine function is release of secretin and small amount of gastrin hormone.

. Secretin is hormone produced by the action of acidic food on internal mucosa of
duodenum. Tt inhibits production of gastric secretions and promotes production of
secretions of liver and pancreas. |

. Chyme after neutralization by secretions from liver, pancreas and duodenum is called
chyle (liquid).

Jejunum and Ileum

*  Jejunum is the second portion of s ing fr

. It is about 2.5 m long comprising about 2/5% gf smaf{ intestine. o

1 lleum is the third and the longest part with length of 3.5 m long comprising 3/5™ of small
Infesti _ ] :

4 Tlff&r;::d which escaped undigested from dq-}dcqm is_ —;nn}pl-itf:.l;f digested in the
jejunum and ileum by a group of enzymes contained in the intestinal juice.

T

KETs - pREP BOOK

mall intestine extending from duodenum to the ileum.
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Amino peptidase Polypeptides Dipeptides
 Erypsin Dipeptides Amino acids
Lipase Fats Fatty acids and glycerol
‘Maltase Maltose Two glucose molecules
Lactase Lactose Glucose & galactose

Absorption of Food

ly all the absorption of the products of digestion takes place in the ileum. The

. Near
internal surface of ileum has many folds, which exhibits velvefy appearance due to the
presence of numerous finger-like outgrowths called villi, which are 0.5-1.5 mm in length,

. Each villus is covered by simple columnar epithelium, blood capillary network and a
lymph capillary, called as lacreals.

. Epithelial cells of villi have countless, closely packed cylindrical processes, microvilli

The total area of absorption becomes incredibly large due to the infoldings, villi and
microvilli.

Intestinal wall I | | |

i bloodto hepatic M
_  portal vein =

The absorption of simple sugars occurs by a combination of sim le diffusion and active
transport. The absorbed sugar molecules are transferred to thﬁj::apilgries in intestinal
villi and are carried by the hepatic portal system to the liver, where non-glucose sugars
are converted to glucose, '
Individual amine acids are absorbed in the epithelial
cells of villi and enter in the hepatic portal
system, which transport them to liver. The — —
amino acids may be modified in the liver or Some cpuhehal cells of eum
released into the bloodstream and distributed || €1¢5€ lipase that can be the part
throughout the body.

| of intestinal juice.
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Lipids digested into their components are absorbed by the epithelial cell
recombined into fats within these cells. The fats are then mixed with choleste
proteins, forming small globules called chylomicrons, most of which are transporte
exocytosis out of the epithelial cells into the lacteals. These pass into blood stream Vi
thoracic lymph duct. The lipoproteins are hydrolyzed by blood plasma enzyme and ente
body cells, where they may be used in respiration or stored as fat in the liver, muscles or
Endoplasmic reticulum

o LR

Mucosal cell  Lymphatic

H i vessel,

| Fatty acid
Monoglyceride
End Result
0 After absorption, the intestinal contents are pushed along the alimentary canal by normal
penistaltic activity.
' At the end of ileum, there is an ileocolic/ileocecal sphincter that opens and closes time to

time to allow a small amount of residue from the ileum to enter the large intestine.
CRITICAL THINKING®R |

| 1. Digestion complete in:
A. Duodenum B. Jejunum
C. lleum D. Colon

ROLE OF LIVER AND PANCREAS IN DIGESTION
Role of Liver v
g The liver is the largest internal organ of the body. It has a wide range of functions,
including detoxification and production of bile to help digestion.
: Liver secretes bile, which may be temporarily stored in the gall bladder and release into
L duodenum through bile duct.
B Tt f bile salts (sodium glycocholate and sodium
’ The bile is green watery fluid consist of bile salts (sodinm giycocho d e
lmmchalmf}{echn!mzrof. lecithin, mucus, cellular debris and bile plgm (biliruhin
Role and biliverdin), which are formed from the breakdown of hemoglobin in the liver.
o eof Constituents of Bile i il |
Bile salts veduce surface tension of the fat globules und emulsify lhﬂn into small droplets
and thus increase their total surface area. It is then casily digested by water-
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Bile salts
Intestinal bacteria convert bilirubin into pigments that give the feces its characterigg,
brown colour. Some of these pigments are absorbed from th:z intestine, modified in s
kidneys and excreted in the urine, contributed to the charactenstic yellowish colour 0f the
urine. '
. If bile pigments are prevented from leaving digestive tract, they may accumulate i
blood, causing a condition known as jaundice.
. Cholesterol may precipitate in the gall bladder to produce gall stones, which may block
the release of bile.

Right and left
% hepatic ducts

Liver

Cystic duct

Common

hepatic duct

1_ |/ pancreatic duct Pancreatic duct

"tf:*\r »..__,_ ‘

‘ . -~
Minor duodenal . B -
papilla o ; Tail of pancreas
tajor duodenal ~ Body of pancress

Duodenum | ' Head of pancreas

®  The gall bladder is a sac-like structure on the inferior surface of the liver that
m long and 4 cm wide. 1t is connected to the common bile duct by the cystic
is secreted by the liver and stored in the gall bladder. ‘

e
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Formation and Circulation of Bile Pigments:
Destruction in reliculoendothelial system

@ scnierec

Globin ———— Reused

IO = Reused

Iintestinag

Stercobilinogen through feces

Regulation of Secretion of Bile

. Acidic chyme in the lumen of the duodenum stimulates other endocrine cells to release
secretin which is carried through circulatory system to the liver and stimulates liver to
release bicarbonate into the bile.

. Falty acids in the lumen of duodenum stimulate endocrine cells of release
Cholecystokinin. This hormone stimulates contractions in the smooth muscles of the gall
bladder allowing bile release into the duodenum.

Role of Pancreas

. Ihe pancreas is complex organ composed of both endocrine and exocrine tissues that
performs several functions. _

- The pancreas consists of a head, located within the curvature of duodenum, a body and a
tail, which extend to the spleen. ‘

. As an endocrine gland (Islets of Langerhans), it produces several important hormones,

~ including insulin and glucagon.

Pancreas as ap Exocrine Gland e i

g The exocrine secretion of pancreas is called pancreatic juice and has two major

, C0mponents: an aqueous component and an enzymatic component. ol ,

" Pancreatic juice is slightly alkaline. lts pH is about 8. Included in this Juns e
enzymes that digest all the principal components of food i.e., carbohydrates, lipids an

Cop PTOLEINS.

LT

nents of Pancreatic Juice — —
| LIRS

" Conti ide digestion that was initiated in the
Continues the polys&cchandg djgmlqn » in ‘

sin oral cavity. It hydrolyzes polysaccharides (starch/glycogen) into
- altose and even to glucose. __________ —]
T"'-"'—-:lk"_%— E:,.cipm enzyme for the hydrolysis of f:!::‘l m hydrolyze M: _

.‘"-n.;__ : Llpm into free fam ﬂ‘:i. I ] dts Imﬂ'l ; ﬁiﬂlul. “
e
~ PREF BOOK

“!II|||||rl Tl

Pancreatic Amylase/
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Trypsin : Protein digesting enzyme 'l"."l"";l:' +
Chymotry ‘ Protein digesting enzyme (Froteins — ZZFTl=ns _ 16
¢“’”W“ 0 Tt is a protease enzyme that hydrolyzes a peptide bond ¢
Carboxypeptidase terminal end of a protew == netide.
DNase and RNase Reduce DNA and RNA to their .omponent nucleotides
Sodium bicarbonate Neutralizes chyme -

. Trypsin is sccreted as inactive trypsinogen, which is activated by enterokinase,

enzyme secreted by the lining of duodenum. Trypsin then activales more trypsinogen,

. Chymotrypsin and carboxypeptidase is sccretj:d as inactive chymotrypsinogen and
procarboxypeptidase, which is activated by trypsin.

Regulation of Secretion of Pancreatic Juice |

. Pancreatic juice secretion is regulated by the sm:n_ﬁetin and cholecystokinin, whigh L
produced by the walls of the duodenum upon detection of acidic food, proteins, fats ang
vitamins.

. The predominant effect of secretin on the pancreas is to stimulate duct cells to secreqe
water and bicarbonate.

. As soon as this occurs, the enzymes secreted by the acinar cells are flushed out of the
pancreas, and start digestion of the food components.

| CRITICAL THINKING 'R

2 A protease which is protein in nature:
A. Lipase B. Enterokinase
C. Gastrin D. Amylase
3. Which of the following glandular secretions involved in digestion would be most
likely released initially as inactive precursors?
A. Protein-digesting enzymes B. Fat-solubilizing bile salts
C. Acid-neutralizing bicarbonate D. Carbohydrate-digesting enzymes

Large intestine is last part of alimentary canal. It is divided into caecum, colon and rectum.

. The junction between ileum and large intestine is ileocecal junction gaurded by ifeocecal
sphincier.

Caecum

. Caecum is a blind sac and proximal end of the large intestine. It is the structure the small

and large intestines meet. ,

. Attached to the caecum is a small, blind and finger-like tube which is called appendix. !

is measured about 9-flem in length and its wall contains many W nodules
inflammation of appendix 15 called appendicitis.

Colon _

= Colon is longest part of large intestine measuring abowui 1.5-1.8 m. It is further divided i1

ascending, transverse, descending and sigmoid colon, of

. The materials that pass from small intestine to large intestine contain a lﬂl'ﬁ“mm ]

* water, dissolved salts and undigested material.

KETS - PREP BOOK
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Functions of Large Intestine

Defeca
L]

‘ {t is the last part of large intestine where feces are temporarily stored and rejected t

anus at intervals.
Anus is surrounded by fwo sphincters. The internal anal sphincter i o]
and outer anal sphincter is of striped muscles. al sphincter is of smooth mus
Dufuceson "ﬂﬂf is involved in emptying of rectum from feces. It i when
rectum i filled with feces. It s consciously controlled i individuals other tan infans

The proximal half of the large intestine
functions to absorb water and electrolytes. ]
The fecal matter contains a large number of §
bacteria, plant fibers, sloughed off mucosal
cells, mucus, cholesterol, bile pigments and
water. : 7
The large intestine also helps in absorption o . Mt

'\ritamini made by the bacteu_!i’u that normally live in large intestine as munmlvlsfuc rcsndent.
These bacteria produce large amounts of vitamins, the most important of which are

vitamin K and biotin. : P .
The mucosa of the large intestine secrefes bicarbonates 10 neutralize ﬂlﬂ m;‘r-;-;'mdwdllr

and also acts as mucosal barrier and protects from microbial infections anc WVRRPRIE

Less absorption leads to digrrhea and then dehydration. If this mnfl;g:lmmm .

leads to dehydration and even death. Excessive absorption of water 0 con i |
tion Reflex in Adults and Infants iare the defecation reflex by l
When it is a jate, an adult person usually can itince . andloms Irarnaksti S :
holding ;wm&l and contracting the adnominal muscles. The action mlﬂf“‘ ;
internal pressure and forces, the faeces into the rectym:

Vitamin-K is produced by E. coli
bacteria in large intestine. E. coli
is anaerobic facultative bactena.

R
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wlnml?mmdﬁeﬁmdmnl phincier.

i—1

. Tnhvethdﬁuﬁvem:mhﬂmmwm:cdlmm During wh,
stngul‘fudpmmingdmthuhkephu"

A. Ingestion B. Digestion
C. Hydrolysis D. Absorption .
6. Most nutrients absorbed into the lymph or bloodstream are i m
A. Disacchandes g ;ulyme::
C. Monomers nzym
7. Which of the following is a nutritional monomer that can be transported in the
blood?
A. Sucrose B. Maltosx_:
C. Alanine D. Dipeptide

SOME COMMON DISORDE Ix RELATED TO HUM

Syvmpltoms and
Disorder Description Cause/s Complications

Dyspepsia | Incomplete or Acidity in stomach, | Abdominal ' Antibiotics,
| imperfect | faulty function of | discomfort, Cimetidine
digestion | stomach, flatulence,
| insufficient heartbum, nausea,
quantity and vomiting
, | quality of bile £
Food | lllness from | Clostridium Abdominal pain, Maintain good |
Poisoning/ | indigestion of | borulinum, nausea, vomiting, | hygienic
| Botulism | food Salmonella spp, diarrhea, fatigue, | conditions, use
! | contaminated i Compylobacter | dizziness, double- DRS
i with toxins wpp Entering ' vision, headache i
i Severe form of thmugh anu.hmcsm
 food poisoning | unpasteurized milk | prescribed
| or improperly
e . cooked meat. |
Obesity | Accumulation of | Over-cating, Eating | May cause W
' abnormal fats in | too much fatty | hypertension, food, regular
the body food, hormonal | Cardiac discases, | exercise, eat
diabetes mellitus, | balanced diss,
s PBER o stomach disorders | hormonal the
Anorexia | Loss of appetite | Psychological with Weight loss, Psychiatne
Nervosa | due to fear of the onset of metabolic herapy, feedin
becoming obese | puberty and disturbance m
i sexuality , i
Bulimia | It1s  Neurotic disorder | Self-induced ‘
| Nervosa | charactenized by vomiting, fasting, | of
KETS - PREP BOOK
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_____ Life Process i

- [ r-"

faﬂmiugnlgod le
i - I‘. k .
[‘Masses of Unhygienic | Plecime . “Improve hygiene,
| dilated tortuous | conditions mngﬁpa%m_ increase e
. VEeIms mn depressgd urge to yughag in fio nﬂl.l
. anorectal defecation, use of laxatives,
= mMucosa : distention of avoid sitting on
0 - rectum sard 285,
| — » . | - argical removal
‘Ulcer | Sore produced | Excess gastric HCI Development of | Antacid, milk,
by the eating secretion hole, spilling of |
away Ul*; walls of contents into the
stomach or abdominal cavit
duodenum by | i
the digestive
enzymes : <
Pyrosis Painful buming | Over-cating, eating | Pain in the chest | Decrease in
sensation in | fatty food, lying region | acidity, avoid
| chest associated | down immediately eating spicy food
| with back flush | after meal, alcohol
of acidic chyme | and caffeine
into esophagus | consumption,
2 smoking

~ GASEOUS EXCHANGE/RESPIRATORY SYSTEM
. Like other life processes, the respiration process also occurs at ceflular level and
organismic level. The process of respiration that occurs at cellular level is also called
internal respiration which is a catabolic process. On the other hand, the process of
respiration that occurs as organismic level is called external respiration.
Both the processes are interlinked as the oxygen, required for cellular respiration, is
inhaled from the environment while the carbon dioxide, which is produces in cellular
respiration, is exhaled into the environment.
Properties of Respiratory Surface
. The area where gaseous exchange with the environment actually takes place is called
respiratory surface. It must have the following properties so that diffusion can occur
effectively:
Must be moist,
Must be permeable so that gases can pass through. |
Must be thin, because diffusion if only efficient over distance of Imm or less.
glﬁguld possess a large surface area.
Should possess a good blood supply. \ | g e
There should be agg,ood ventilation mechanism to maintain steep diffusion gtmﬂm ICTOSS
"“Pl;‘:!lory surface. T
SHY of Human Respiratory System = -
The human m;:rgmry ;:m can be divided into two regions €.g., Upper respirat

scFE=s
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pﬁwwhchmmwhthﬂnhmp-

_ Hm::fﬁllowh;mmnmm
! Nostrils — Nasal Cavities — Pharynx — Larynx — Trachea —
ir Bronchioles — Alveolar Ducts — Alveolar Sacs

gy

Bronchioles —
‘ '» Bone and cartilage » Filtration of larger
Nostrils (2) o Hair ¢ Moistening
e Mucous r.'hnemhm]ei _ *  Warming (about 7
* Each cavity subdividedinto 3 | o o 0
> passage ways. - S0y
Nasal Cavities (2) ag T * Moistening
» Ciliated epithelium v
* Mucous membrane “ wm ng ':“"“9_‘ 30°C)
Cone-shaped muscular : ki)
passage . 'Corney tof S T
* Divided into nasopharynx, , partal 'Emﬁ
Pharynx/ Throat oropharynx, and g;tem ial:m:l respiratory system
laryngopharynx ° annelizes air to larynx
® Mucous membrane
. s Composed of cartilage and
muscles - g6 way
| Voi =D, passa
SR hOX : E;?::tti:. s Voice production
; ¢ Vocal cords
hea/ Windoi 15-20 C-sh d cartil - ,
g; whe :': ) s =2 shaped carti Ega : ?;iimﬁm ge way
> S o Ciliated epithelium ST
pragns) e Mucous cells/ Goblet cells * Mot
¢ (C-shaped cartilage rings e AIr passage way
Primary Bronchi (2) e Ciliated epithelium ¢ Filtration
e  Mucous cells e Moistening
, * lmregular cartilage plates ¢ Air passage way
%z'lximdagrichi » Ciliated epithelium e Filtration
i i i e Mucouscells , « Moistening
e Diameter of | mm or less .
Terminal e Nocartilage .
Bronchioles o Ciliated epithelium M
o Mucous cells g :
e No cartilage : .
Rﬁl’“‘ml’; e No Ciliated epithelium Gaseous exchange with blood
Bronchio ¢ Mucous cells :
e Single layered surrounded by |
Alveolar Ducts & blood capillaries Gaseous cXchENE
S

| _Lined by surfactant
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D. They are exposed to air

Epiglottis is cartilaginous lid having a muscularly controlled, hinge-like action.

: Vocal cords are two thin edged stretched fibrous bands. These are larger in male so male
have low pitched voice. "
Cartilage in air passage way prevents collapse.

Bronchioles are made up of mainly circular smooth muscles. Change in diameter is
possible througn bronchioles.

. Air =5 15 the functional unit of lungs. bl

Componcnts Cartilage  Goblet cells Smooth ]
muscles 0%

Trachea s |

Bronchi | = 7 . -

Terminal Bronchiole % X ) | v "

L ; x X A few 3
 Bronchiole : _

Alveolar Duct | X | X X | x v | |
Alveoli A o | % x x* v |

Lungs 3 | - R I

. The lungs are principle organs for resprration. Each lung is conical in shape, with its base
resting on the diaphragm and its apex extends 0 a point just about clavicle. o

. ’I’Imrmt:clmedsa-:sttmtamcmm-ma;ltu;lxmmdebyﬂ}cwufumgﬁmh_nr
mouth. The right and left lungs are slightly unequal in size. The left lung has fwo lobes
while the right lung has three lobes. ] | _

. The Ailum is a triangular shaped depression of both lungs where the blood vessels and
airways pass into the lungs. . ; : i i

? The right and left lungs are separated medially by the heart and Mediastinum, which is
the area between the lungs. . i

’ Lungs are covered by a double layered thin membranous sac called pleura.

Surfactant 7 .

* Itis the mixture of lipoproteins secreted by Mﬂ; %ﬂﬁmﬁ forms a layer e
the surface of the fluid within 'ﬂlé_al‘ﬂfﬁﬂl_l to lmﬂ “jimm e bacteria, which reach the

v It speeds up the transport of respiratory gases an helps tc leria, 3
Aol drome is common due to its deficiency. {t '

In premature infants, respiratory distress YT
mummnmll in infants Wimiﬂﬁm“muﬁmﬁ" 7 mpnsths.
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Ceygen in Respiratory Membrane:
Pulmorary i Basement membrane
Arteriole
Ir-|m|::|'|‘l=l!‘=1
the heart ' h
A Venule

P ‘} Corries Ouygen

o e towaeds the heart i

Sty Bronchus

Respiratory membrane is 8 membranous
structure through which exchange of
respiratory  gases takes place. It is
formed by Epithelium of respiratory unit
and Endothelium of pulmonary capillary.
Epithelium of respiratory unit is a very
thin layer.

Creygen and Carbon Digride
ane exchanged heee

MECHANISM OF BREATHING

. Breathing is a process by which fresh air containing oxygen is pumped into the lungs and

_ air with more carbon dioxide is pumped out of lungs.

. During rest, breathing occurs rhythmically at the frequency of 15-20 times/min in
humans and it can increase to 30 times/min during exercise. L

. Lungs are spongy in nature. They themselves neither draw in air nor push it out.

o The floor of the chest cavity is diaphragm which is a sheet of skeletal muscle. It
separates the thoracic cavity from abdominal cavity.
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Walls of the chest cavity are composed of ere are t
sets of intercostal muscles between each pair of ribs: the external intercostal and intern,
intercostal muscles. The muscle fibres run diagonally but in opposite direction.

Phases of Breathing

Fieatures

Breathing 15 a mechanical

ll’lhjhil alion

It is the process of taking in of the

rocess consisting of two phases; inspii

Definition Sy : L Eﬁmuflnkimg Pmﬂﬂh
air (rich in Oz and poor in COz) | air (rich in CO; and poor in Oz)
Another Name Inhalation Exhalation
Status of Lungs Passive expansion of lungs Passive recoiling of lungs
» Contracts * Relaxes | o
.S'Iiilll: ';r, - * Moves down » Moves up
L | « Becomes less dome shaped + Become more dome shaped
Intercostal/Rib e Exlernal intercostal —Contract | » External intercostal — Relax
Muscles ¢ Internal intercostal — Relax + Internal intercostal — Contract
Moves : Moves
] e Upward * Downward
Rib cage |« Forward s Inward
| |« Outward » Backward
 Volume of Thoracic |,
= Increases Decreases
Cavity o
Changes in Pressure
in 1heEThﬁra‘x | Decreases lm’:liEﬂSJBS
Air Moves Into lungs | Out of lungs
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¥ ’?f‘.'.-j‘;-}l;ﬂ"‘,, hm voluntarily but with ..I.’; ther
- also under voluntary control as shown by the ability to hold the |
untary control of breathing is carried out by a breathing centre located
 oblongata of the brain. _ X
 The ventral (lower) portion of the breathing centre acts to increase the rate ;
inspiration and is called inspiratory centre. _
The dorsal (top) and lateral (side) inhibit inspiration and stimulate expiration, 1

The breathing centre communicates with the intercostal muscles by way of the fnfereec, :
merves and with the diaphragm by way of the phrenic nerve. Rhythmic nerve impule ;.
the diaphragm and intercostal muscles bring about ventilation movements, ' h :
Voluntary control is also used during forced breathing, speech, singing, sheeting grg

coughing. When such control is being exerted, impulses originating in the .
hemisphere pass 1o the breathing centre which then carries out the ap propriate action,

TRANSPORT OF GASES
Intake of oxygen and release of carbon dioxide by blood passing through capillaries of
alveoli is brought about by the following factors:

Diffusion of oxygen in and carbon dioxide out occurs because of the difference in partia]
pressures of these gases. '
Within the rich network of capillaries surrounding the alveoli. Blood is distributed
extremely thin layers and therefore, exposed to large alveolar surface,

Blood in lungs is separated from alveolar air by extremely thin membranes of the
capillaries and alveoli.

Gaseous exchange follows principles of diffusion.

This exchange occurs due to difference in partial pressure of gases.
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Life Ptucin and Plank

— . of Oxygen

fLesnsp lgir;.::nansﬁhﬂ transport of oxygen 1s done by two ways:

' Approximately, 97% of the oxygen is carried by RBCs as oxyhaemoglobin.

‘ Haemoglobin is one of the most important respiratory pigment and acts as an efficient
oxygen carrier. ! | .

2 3% is transported as dissolved oxygen in the plasma.

At the Level of Lungs § . i e X

> Haemoglobin readily combines with oxygen to form bright red oxyhaemoglobin.

L Hb + 402 — Hb40: » _

. The ability of hemoglobin to bind with oxygen is called oxygen carrying capacity of
blood. It is directly proportional to the pQ;.

. Maximum capacity of haemoglobin to carry oxygen is about 20ml/100ml of blood at sea
level. At this, blood will be 100% saturated and is achieved at 100mmHg pO,.

. Under normal conditions, blood of alveoli of lungs is not completely oxygenated. Ar 115

mmHg oxygen tension, there is 19.6ml of 02/100ml of blood, where hemoglobin is 98%
saturated.

At the Level of Aerobic Tissue

[ ]
Facto
1.

Oxyhaemoglobin is unstable and splits into the normal purple red haemoglobin and
oxygen in the condition of low oxygen concentration and low pressure. Carbonic
anhydrase present in RBCs facilitates this activity.

E"J{l, 1'2!:1!{!:5 Axtrydrase }Hh""(,}z

When oxygen pressure falls below 60 mmHg, as in many cells and tissues. The oxygen
saturation of hemoglobin decreases very sharply, which results in the liberation of large
quantities of oxygen from hemoglobin.
In this way in the aerobic tissues where the oxygen tension is low, oxyhemoglobin
dissociated rapidly.
Under normal conditions every 100ml of blood gives Sml O to aerobic tissue.

rs Affecting O2 Holding Capacity of Hemoglobin
Carbon Dioxide i
When carbon dioxide pressure increases the oxygen tension decreases and the capacity to
hold oxygen becomes less.
Increased carbon dioxide tension favors the greater liberation of oxygen from the blood
to the tissue.
Temperature
Rise in temperature causes a decrease in oxygen carrying capacity of blood/Hb.
For example, in increased muscular activity.
pH
With decrease in pH of blood amount of oxygen bound to haemoglobin also declines.
Decreased pH results from increase in hydrogen ions. Hydrogen ions combine with the
protein part of hemoglobin molecules causing a decrease in its ability to bind oxygen,

be any other function of haemoglobin?
A Act as Buffer B. Oxygen storage
C. Nitrogen binding D. Act as enzyme
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surrounding the cells. Its path from acrobic cells to blood is given below:
CO; produced by the aerobic cell — Dissolved in tissue flu
. CO: which is much more important than oxygen as a regulator O NOMMAL alvec
ventilation/breathing. Under certain circumstances, however, ‘m@m&. er
blood does play an important stimulatory role, especially during the conditions of shock
Ways of Transport of COz
CO: is transported in the blood in three main wa

L] -
I CrCemiage

I[_lll‘v‘allilrllll L

1. 70% Bicarbonate ions -
L - 23% Carboxyhemoglobin/Carbaminohemoglobin
T 1% Dissolved in blood plasma

As Bicarbonate lons

. Approximately, 70% of CO: is carried in the blood as HCOs™.

. CO; diffuses into the blood, enters the RBCs and combines with water to form carbonic
acid in the presence of carbonic anhydrase.
CO,+H,0—===22r== , H (O,

. H:COx is an unstable compound and dissociates to form H* and HCO;™!
H:CO; — H + HCOq
. Accumulation of H" increases acidity in the blood, hence pH decreases. The H* readily
associates with the Hb40: to form hemoglobinic acid and O: is releases to the tissue as
shown below:

. From inside of the RBCs, ncua:il?e‘:?.;hr-jl -'d_.} {E:I{I)h I ;ﬁ - . =
mamcd h}. the 'dij‘rﬁl-‘illﬂﬂ m-(‘:ml_ S AII;.: Di;}’j:ltg din:.._:lmr:_ use to the blood plasma. This is

5 L e moven ) 1 of Oy o e 3 oL e M i

E*W"fﬂ";'fﬁcr'sphmamfnah; ¢ of ions on cither side. This is called chloride
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When PCO; is hlghcr in the tissues
than blood, formation of |
carboxyhaemoglobin/carbaminohaem
oglobin occurs.

When the PCO; is higher in the blood

h}'drogcn ions Ilihemed in ﬂn -'

. ) = i
than tissues as in case of lungs | Eu;i:dﬁ:ed by mﬂm -
carboxyhaemoglobin/carbaminohaem uced by the d'mm of oxygen.
oglobin releases its CO-. | This buffering helps maintain normal pH.  §f

As Dissolved CO:z in Plasma | The process is reversed in the pulmonary

¢  Only7% of CO; is carried this way. | capillaries to re-form CO,, which ﬂm‘ !
This is rather inefficient way to carry can diffuse into the air sacs to be exhaled
CO;, but it does occur. l\\ into the atmosphere.

Capacity of Blood for CO: R

. Arterial blood contains about 50ml of ' T

10. The diagram shows the pathway for the transport of carbon dioxide that »

COy/'100ml of blood, whereas venous blood contains 54ml of CO:JI 00ml of blood.

In this way, each 100ml of blood takes 4ml of CO; as it passes through the tissues and
gives 4ml of CO: as it passes through lungs.

—_— CRITICAL THINKING®) | <

occurs in red blood cells.
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Ml F OF RES

which acts as oxygen carr

wwmm most important respiratory pigments in

reversibly to oxygen. e
I - (el Iﬂd y-,.”_ i - —
Feal e H aemoeloban ol . L o
Found in = RBCs/Blood — ﬁ:r_% iy
7 o It consists of four polypeptide | e It consists of one polypeptide
chains chain =
| Structure o Each molecule possesses four | ® F:iﬂl ﬂl_ﬂlﬂ__'-‘-l:ll‘ﬂ pm e |
iron containing haem groups |  iron containing lnem group
¢ It exhibits quaternary structure | ® It exhibits tertiary structure %
Capacity for Oxygen More hﬁ -
Affinity with Oxygen Less _ —VOE 8
Loses Oxygen At 60 mmHg POz At 20 mmHg PO,
) molecules Bound 4 | 1
Main Function __It transports oxygen It §tﬂres oxygen

RESPIRATORY VOLUMES s -
Breathing occurs in cyclic manner due to the movements of the chest wall and the lungs.
The resulting changes in pressure, causes changes in lung volumes 1.¢., the amount of air,

the lungs are capable of occupying. by
Respiratory volume is the amount of air inhaled, exhaled and stored within the lungs a

L
any given time.

N In an adult human being, when the lungs are fully inflated the total inside capacity of
lungs is about 5- 6 liters. This is called rotal lung capacity.

o The amount of air which is inhaled or exhaled at rest is called tidal volume. Its average

value 1s about 500ml.
. The amount of extra air inhaled during a deep breath is called inspiratory reserved

volume. This can be as high as 3000m!.
[ comea THINKING T} e R

I1. Tidal volume in respiration is analogous to what measurement in cardiac physiology?
A. Cardiac output B. Heart rate
C. Stroke volume D. Systolic pressure

RESPIRATORY DISORDERS

Features F'uberculosis FEmphyvsema {ancer

isense fectious di Malignant tumor
Infectious disorder 3 .

e of respiratory system Breakdown of alveoli ;“ﬂ:::&l:u’;‘d show
Mycobacterium unlimited growth_
. Ig;bemu.‘mir (air-

' Hm:f } Smoking Smoking (90%)
Poor living polly
conditions
e —
~ KETS - PREP BOOK
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— Eummg of weak alveoli

ntagious discas :

Breathlessness & exhaustion | Ocelusion of
¢ Inflammation of bronchioles | respiratory

—+ Obstruction — t airway | passage
. resistance L
— i : Pneumonectomy
_ WY s Quitting smoking, ‘ _
fiteMmiat - | Medicine/Antibiotics || 5 e e E“d?;':h“thm” &

U
(i
(iii)

Uptake and Transport of Minerals

TRANSPORT IN PLANTS

The roots of a plant not only ancher the plant body in the soil, but also absorb minerals
and water from the soil. These nutrients are first absorbed by roots epidermal cells from
where these are moved to the xylem and then through xylem, these materials are
ultimately reached to the leaves.

There are three types of nutrients needed by the plants, carbon dioxide, water and
minerals besides light to carry out photosynthesis.

The rate of absorption of individual mineral which is independent of rate of absorption of
water molecules is determined by:

Concentration both inside and outside of the root cells.

The ease with which it can passively penetrate cell membrane.

Extent to which carrier molecules and active absorption is involved.

To get these materials, roots must provide large surface area for absorption, which is
achieved by extensive branching. The roots bear a dense cluster of tiny hair-like
structures, which are extensions of epidermal cells of roots. These are called root hairs,
which are in fact the sites where most of the uptake of water and minerals takes place.

It has been estimated that out of the total surface area provided by the roots, 67% is
provided by the root hair,

Plants are able to synthesize all their required compounds, with the help of the minerals
and HzO from soil, CO: from air, and light energy.

Most of the minerals enter the root hairs or epidermal cells of roots along with water in
bulk flow, but some are taken in by diffusion, facilitated diffusion, or active transport.

Mineral Absorption by Roots

Processes Involved in Absorption by Roots

The minerals available to plants for absorption are dissolved in the soil water. Their
concentration varies according to the fertility and the acidity of the soil, besides other
factors.

When the soil minerals are not in solution but are bound by ionic bonds to soil particles,
they are not available to plants.

The uptake of minerals by muuaUsmawmbmaumnfpasmveupuhmdmw
mulmgmbeusenfcnarmrmthcﬁmofaﬂ "
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reach the xylﬂn cells.

Diffusion of ions can also take the vacuolar pathway where the ions move ll'l' et

concentration gradient through the cell membranes, cytoplasm, and tonoplast (the

membrane of vacuoles), and reach the dead xylem cells.

. Most of ions are taken up by the roots by the process of active transport. By ik
method plants can take a mineral that is in higher concentration inside the root cel
than in the soil solution.

. In this process molecules and ions move from their low concentration to their hy
concentration (i.e. against the concentration gradient), through cell membrane, by the use
of energy in the form of ATP.

. Some nutrients are carmied from the soil to the epidermal cells of roots through their cell
membrane by facilitated diffusion.

. In this type of diffusion, carmier molecules within the cell membrane transport nutnents
across the membrane.

. These camier molecules are proteins which are present within cell membrane of
epidermal and other root cells.

WATER POTENTIAL

. Water molecules possess kinetic energy which means that in liquid or gaseous form, they
move about rapidly and randomly from one place to another. So, greater the
concentration of the water molecules in a system, the greater is the total kinetic energy of
water molecules. This is called water potential and is represented by ¥ie.

. ¥'w of a medium is directly proportional to the concentration of water in that medium
therefore, pure water has highest value of ‘¥'w which is designated a value of zero.

. ‘P'w of all the solutions or the cells must be less than zero i.e., in negative range.

Factors Effecting ¥w:

. The ¥'w in plant solutions is mainly influenced by the solute concentration (osmetic &

solute potential = ¥5) and the pressure potential (¥p). The pressure potential s
generated when water enters and inflates plant cells.

Osmotic (Solute) Potential = ‘¥'s

. Solutes reduce W'w by consuming some of the potential energy available in the wates:
This measure of decrease in '¥w of a medium due to the addition of solutes is &

solute/osmotic potential

. It can also be defined as ‘the measure of the change in water potential of a s
the presence of solute molecules’.

. s is negative in a plant cell and zero in distilled water. More solute
lower (more negative) is the '¥s.
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The measure of increase in water potential of a medium due to the addition of water or
*  jueto the pressure greater than the atmospheric pressure is pressure potential.
If pressure greater than atmospheric pressure is applied to pure water or a solution, its

*  sater potential increases. It is equivalent to pumping water from one place to another.
guch a situation may arise in living systems. :

A When water enters plant cells by osmosis, pressure may be built up inside the cell making
the cell turgid and increasing the water potential.

: Thus the total water potential is sum of ‘¥'s and ‘¥p.

Fw - ¥s + ¥p

Water potential Solute potential Pressure potential

3 If we use the term water potential, the tendency for water to move between any two

systems can be measured; not just from cell to cell in a plant but also from soil to root
from leaf to air or from soil to air. The steeper the potential gradient the faster is the flow
of water along it.

® As the individual component change, they raise or lower the total ¥'w of a system. When
this happens, water moves to equilibrate.

. Therefore, for water to move through the plant from the soil to the air (franspiration) the
conditions must exists as:

¥iv of soil > of the roots > ¥ of the leaf > ¥ of the atmosphere

- CRITICAL THINKINGY |

. All of the following have an effect on water potential ('¥) in plants except:

A. Physical pressure B. Organic solutes
C. Inorganic solutes D. DNA

UPTAKE OF WATER BY ROOTS 7

. The cell wall of epidermal cells of roots is freely permeable to water and other minerals,
while cell membrane is differentially permeable. From root hairs, water molecules enter
the epidermal cells by esmosis i.¢., along the concentration gradient.

- Is passes through cortex, endodermis, Pericycle, and reach the xylem vessel.

o The movement of water into the cells in called endosmosis while the movement of water
out of the cell is called exosmosis.

4 There are three pathways taken by water to reach the xylem tissues ie. apoplast,
symplast and vacuolar pathway.

Apoplast Pathway

b This involves system of adjacent cell walls, which is continuous throughout the plant roots.

o In the roots, apoplast pathway becomes discontinuous in the endodermis due to the
presence of casparian strips which is a band of suberin and lignin, bordering four sides

__ofroot endodermal cells.
s’!'llllllﬂ Pathway \
B Itis an important pathway of water movement in which movement of cell sap involves the

cvtoplasmic comnection of adjacent cells. | .
*  The cytoplasm of ncighboring cells (protoplast) is linked with one another by
KETS - PREP BOOK

.
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" 't contains are taken into the cytoplasm of one cell,
Once water and any solutes it contains are o S g it -
move through the symplast without having to cross further membranes. This nnv%'
might be aided by cytoplasmic streaming.

Vacuolar Pathway | .
. In this pathway, water moves from vacuole to vacuole through [lEIghbmng oo

crossing the symplast and apoplast md. mﬂvljng through membranes and tonoplag; by
osmosis. It moves down a water potential gradient. |

Plasma M embranes 7
Plasrmodesmats , ] T e

PMC Topic-9 Life Process in Anjm

i T

‘Caspanan st p

- apopiast
- e

7 ASCENT OF SAP :

. Water and minerals are absorbed by the roots epidermal cells from where these
substances are first move to the root xylem and then to the leaves. This upward
movement of water and dissolved minerals towards the leaves through the xylem tissue s
called ascent of sap.

. Since this movement oceurs against the gravity therefore, a considerable force 15 required
to conduct water and minerals in tall heighted plants.

® It is explained through TACT theory, root pressure and imbibition.

| TACT Theory

. According to this theory, four factors such as Transpiration pull, Adhesion, Cohesion and
Tension are combined to form a collective force that is mainly responsible for ascent of
sap.

i. Transpiration

. The evaporation of water from aerial parts of plant especially through stomata of leaves
15 called transpiration.

. As a leaf transpires the water potential of its mesophyll cells drop. This drop causes water
lo move by osmosis from the xylem cells into dehydrating mesophyll cells.

s The water molecules leaving the xylem are attached to other water molecules in the same
xylem tube by hydrogen bonds. Therefore. when a water molecule moves up the xylem:
the process continues all the way tll the root,

. This pull causes water to move down its concentration gy
epidermis to the cortex by endosmosis and to peric
transpiration pull and is so strong that it also re
epidermal cells, |

. Thus water in the soil moves

from its higher potent; 1 W ter pﬂt':“'i’] of
epidermis of root by osmosis, gl a1 in lloweriry

KETS - FREP BOOK

Scanned with CamScanner



HOstoma HO
soil particles ypidermis cortex

~ ‘
rornsie Q0D S D ©

Transpiration Pull

pes of trans

iration

Features Cuticular Lenticular |  Stomaral

Component L :
involved Cuticle Lenticel Stomata
; Aerating pores formed :
Present on upper & lower foon T '1 o
s - T X . ~TKE "
Structure epidermis, impermeable to Ty gr. AOm corkin Guard _c"“‘
j | water, water lost from thin stem of some plants, dumbbell
. externally scars or shaped.
protrusions .
L Yo 5-7% 1-2% 90%%
i Adhesion p—
'. | -- L -
Adhesion develops between water molecules and cell wall of xylem cells. The composition
1 of cell wall provides necessary adhesion to water molecules that helps water creep up.
| The cellulosic component of cell wall especially has great affinity for water.
i Adhesion also helps to hold water in xylem when transpiration is not occurring.
Cohesion
. AL ; ’ - - .
]I_I:. _lhe attraction among water molecule (H-bond) forming a solid chain like column
v Within the xylem tubes.
1 Tension
It is provided when water chain is pulled up in the xylem. Transpiration provides the
Mecessary energy or force. This xylem tension is strong enough to pull water up o 200
" meters in plants.
It is essential that the xylem walls should have high tensile strength. The lignin and
. cellulose provides strength to cell wall of xylem vessels.
. Quantities of water are carried at relatively high speed, upro 8m/h being recorded
3 In tall rees, and commonly in other plants at Im/h.

The total water pulled up in the leaves is transpired, except about 1%which is used by
L5 In various activities including photosynthesis.

oy 2

-
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13. Water absorbed by plant roots travels by different pathways from root

Root Pressure :
A pressure created by active secretion of salts and other solutes from root ¢

xylem sap, which lowers the water potential of the xylem sap is called root m gy
A pressure of 100 - 200 KPa (exceptionally 800 KPa) is generated by root pressure
Guitation or exudation is a loss of liquid water through water secreting glang, .

hydathodes.

It is caused by root pressure in small plants like grasses. It is more notable whey
transpiration 1s suppressed, and the relative humidity is high at night.

Imbibition

It was first proposed by Sacks.

The cell walls components especially cellulose, pectin and lignin can take Up water
as ;_;n;:t_ult increase in volume, but the components do not dissolve in water, this is called
Imbioaion.

The root cell walls imbibe water from the soil, and this water moves by apoplast pathway,

It is a reversible process. ‘ '

CRITICAL mwm?;

hairs to the xylem. Figure shows these pathways in the root of
Ranunculusacris.

Pathway Name

A 15
B Cortex s;:gﬁ
C _ Pericycle ' Yatuolar
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phloun tissue is called translocation of 0' rRanic

sulrutu,
The cells of phloem that transpo

A Companion cells supply ATP and proteins to the sieve wbe,
pirection of Translocation
A Like ascent of sap, tra

in order to define the direction of translocation
from a source towards a sink. :
i The term seurce is

it is usually said that it always occurs

applied to the area of supply of food such as food preparing or storage
structures. The term sink is used for the area of utilization of food like metabolizing or
storage organ.
Leaf 1s purely a source while fruit is particularly a sink. On the other hand, roots and
stem act as both soeurce and sink.

Composition of Phloem Sap

Phloem sap is composed of 10-25% dry matter. The 90% of this dry matter is
sucrose/cane sugar, while remaining are other organic compounds including hormones.
Mechanism of Translocation

’ A hypothesis was first proposed by Ernst Munch in 1930, It states that the flow of
solution in the sieve clements is driven by an osmotically generated pressure gradient
between source and sink.

. The most acceptable theory (hat explains the mechanism of translocation of organic
solutes is the pressure flow/mass flow theory.

0 According to this theory, the sugars are loaded into the phloem’s sieve tube elements by
the companion cells.

. The active transport increases the concentration of sugars in the phloem, thus water
Potential decreased. _ ,

A As a result, water moves to phloem by osmosis from nearby xylem cells and. increases
hydrostatic pressure in the phloem, which pushes forcibly the sap away from the source.

L]

ses translocation from the area of higher -
tatic pressure (at the sink).
absorb the organic solutes

The pressure gradient from source 10 sink cau e
hydrostatic pressure (at the source) to the area of lower h}:dm.s
When this solution reached to the sink, the sink cells actively
from the sap.
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' . In biennials e.g. root of beet is a sink in first growing season but becomes source in the

next growing season, when sugars are utilized in growth of new shoots.
. The movement in phloem is from source to sink in most of the plant during active
photosynthesis.

14. Arrange the following five events in an order that explains the mass flow of
materials in the phloem.
1. Water diffuses into the sieve tubes.
1. Leaf cells produce sugar by photosynthesis.
3. Solutes are actively transported into sieve tubes.
4. Sugar is transported from cell to cell in the leaf.
5. Sugar moves down the stem.
A.2, 1,435
C.2,431,5

VASCULAR SYSTEM
All the cells of our body need food from small intestine and oxygen from lungs. Carboa
dioxide and waste chemicals have to be removed from the lungs and kidney, respectivelys
o  Human body is too large for materials to simple diffuse in and out. So, humans have 8
mnrmmmm Espi gases, distributes nutrients to 8¢
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T #ﬂbwnwwyhmmﬁqmw | X
The normal pH of blood is 7.4, 5

It is made wﬂfl"ﬂmunmmmnmnwudm-rm“ h .

: I |
P'hlsnﬂ I
sy Blood Cel
i (45%) .
| - | i
| | | r| 1
10%
| I | s
prfE'c"lS mﬁs . ;_ﬂ-ﬂ-ﬂ.
Is¥® E" » -
Compaosition of Plasma

. Water constitutes about 90% of the blood plasma, and 10% dizsolved ﬁ;ﬂ]—m“ -!; :
substances dissolved in plasma vary in their concentration and can be divided into six
calegoriex:

* Inorganic ions and salts make up 0.9

amount is NaCl. | ™ 1 e
Plasma Proteins constitute 7-9% by weight of the plasma. Most of these protemns are

synthesized in the liver. Some of the glubu_lin.s (immumgw_ml) are _ __
lymphocytes and released in plasma or lymph in response to antigen. Thrombin ac .;{n

L]
&

.aufmephsmhywdgm_ummmnfﬁ:-

Fibrinogen takes part in blood clotting proce
Immunoglobulins play important role in bodysdefmagnmﬁdu:; Pgon.
Organic mutrients include glucose, fats, phospholipids, amino s I
Sﬂﬂ:ufﬂnmmterhlmdﬁmnimﬁlmt{dumswm}m_ de ackl IS OGN

catalyst in blood clotting process. :
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Types of Blood Cells
. These are most numerous of the cells in the blood.

- These cells when formed have nucleus, but it is lost before I:hﬂ'mlﬂ‘lh circulatg
or blood.

The red blood cells once mature do not divide.

Features

Name Erythrocytes Leucocytes -
Colour Red , Colorless Colmlﬁs T
* Liver & spleen (embryonic | ., :
S aa it TR | Red bone marrow : :
| Formation life) &lymphatic tissue Red bone marrow
¢ Red bone marmow of bones
Size Sum Larger than RBC ' Smaller than RBC |
Shape Biconcave Polymorphic Plate like
Number per | 5-5.5 million/'mm’ (male) 3 - .
, : 3 T000-8000/mm 250,000/m
mm® of blood | 4-4.5 million'mm- (female) o ' -
: i Cytoplasmic
Elastic cel "_“‘*'""’”?‘TF* % Have nucleus and fragments of
Structure nucleus, 95% Hb, 5% ble of motility -
g B oleias capable of motility megakaryocytes
S s s | , and anucleated
Life span 4 months (120 days) | Variable 7-10 days
Function Transport of gases 7 Immunity Blood clotting
Rl pecsbaienl Fadorroiid St

<= T meerdinang coll Soad down one of hwo paths
'h. depending on the chemcal signals recedved.
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- M Cell' A | |
WA There are five different types of WBCs which
S the mucleus and density of granules in the
cytoplasm. .

They can be grouped into two main types,
J granulocytes and agranulocytes.

: Monocytes stay in blood for 10-20 hours then
L] mlcr liSSIIl.‘—S ﬂn.d becom tiSS!.lE ; s L ‘III.
Lymphocytes have life spans of m.onl anlmgﬁm &
even years; but this depends on the body’s need for these cells.
e "m-mp.hi." travel through capillaries and feed on bacterial invaders or

other foreign cells, including cancer cells.

. Macrophages and neutrophils typically die in a process and their dead bodies

accumulate and contribute to the white substance called pus, seen at infection sites.
Main Cate pories of WRC
Feature

 isthe process by which large
White blood cells migrate across
blood vessel walls to enter various |
tissues and organs.

Granulocytes 3 Azranulocytes

| ﬁ Bone Marrow & Lymphoid

Formation | Red Bone Marrow | tissue (Lymph nodes, spleen,
| | tonsils, adenoids, thymus)

Nucleus ;‘n;ﬁ?g;hly L Spherical to lobed
Cytoplasm | Granular ! Agranular
A | Neutrophils, Eosinophils, Monocytes, Lymphocytes (B

| Examples Basophils &T)

‘ E phuis .

Subcategories of WBCs

Feature Nelutru[;’]iijs:.:--Eosmunh.irl's“ Basophils = Monocyies Lyvmphocytes

fll!!;;::relnnon. Twice Twice 7 Twice L\;L"‘: o f;gg:: ly

Nucleus 2-5 lobes | Bilobed Bil-ob-zd E:;:ﬁd 2 Eﬁt:;‘“nﬁaﬂy

| Yeage 62% 2% <1% 3% 32%

Inactivate :clca_s; 0 Destroy A

Destruction inﬂamr_nation pgf:m 1 arge lmmunc :

Function of small producing | piood clots | particles by responsc Y
particles by | substances & | o'\.oomine | phagocyto- m
phagocytosis | attack T o anti

& iy inflammation |

Platelets

L]

rge cells called megakaryocyfes.
These are not cells but are fragments of large cells call aryocyt
¥ Platelets help in conversion of fibrinogen, 2 soluble plﬂm‘ﬁmm :;Ip soluble ﬁnm.
fibrin. The fibrin threads cnmesh RBCs and other platelets in the ara 0 damaged tissue,
ultimat ming a blood clot. . .y sl ..
The d:v:ysg}::lﬁ meomry seal to prevent bleeding until the damaged tissue can be
Tepaired.
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15. Which of the following cell cannot cross the capillary pore?

A. Monocyte B. Lymphocyte
C. Neutrophil D. Red blood cell

anl‘ Blood

1. Maintenance of Osmotic Balance

. Plasma proteins maintain colloid osmotic pressure of blood. -

. 73% role is played by albumins, 25% by globulins and almost none by fibrinogen.
2. Transportation

. Blood helps to transport nutrients, water, salts and waste products.

. Hormones are transported by blood from the endocrine tissues to the target cells,
. Gases (02 and CO;) are transported by blood.

3. Homeostasis

L]

Blood acts as a buffer to maintain the acid-base balance i.e. concentration of H* and OH
ions in the body.

. Blood helps in maintaining the body temperature, concentration of water and salts, thus !
helps in homeostasis. 5

. Blood helps the body in maintaining the internal environment, by producing heparin, '
histamine and also by maintaining the amounts of chemicals.

4. Defense/ Immunity

. Blood helps in body defenses against disease, Neutrophils and monocytes engulf and

destroy invading microorganisms e.g. bacteria.

Blood provides immunity by the lymphocytes.

Blood produces interferons and antitoxins which are proteins and protect our body from
nucleie acids and toxins of invading organisms.

Blood Clotting

It helps in blood clotting process and seals the wounds that stop entry of pathogens into
the body.

Exchange of Materials

Walls of capillaries help in exchange of materials between blood and body tissue through
blood capillaries via interstitial fluid.

STRUCTURE OF HUMAN HEART

Introduction
. The human heart is located in the chest cavity between lungs slightly left of the sternum.
. The heart contracts automatically with rhythmicity, under the control of the autonomic
RErVOUs Sysiem.
. Human heart is hollow, fibromuscular organ. Adult heart has shape of cone.
. Base of heart extends to second intercosial space and apex of heart is in [fifth intercostal
space, approximately 9 cm to left of midline,
Pericardium
. Itis a closed sac that surrounds heart. Consists of 2 parts; outer and nner part.
. Outer part is inelastic white fibrous tissue. Inner part is made up of 2 membranes.
. Inner membrane is attached to heart and outer one is attached to fibrous tissue.
. Pericardial fluid is secreted between them and reduces Jriction between heart wall and

surrounding tissues when heart is beating. Inelastic nature of pericardium as whole
prevents heart from being everstretched or overfilled with blood.

210
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that they are branched cells. Successive cells are separated by junctions called
intercalated discs.
«  Endocardium consists of simple squamous epithelium over a layer of connective tissue.
Heart valves are formed by fold of endocardium.
Heart Chambers
o There are 2 atna and 2

ventricles found in the human

heart. They are separated from |
each other by atrioventricular |

groove or sulcus.

Interatrial groove separates |

atma and interventricular
groove separates ventricles. In

normal intact heart the sulci are

Peripheral Heart:

Together, the calf’s muscles and deep vein
system form a complex array of valves and
pumps, often referred to as the “penpheral
heart,” that functions to push blood upward
from the lower leg against gravity. In upright
posture, the soleus (a calf muscle) is
responsible for pumping venous blood back
into the heart from the periphery, and is often

| called the skeletal-muscle pump.
covered by fat. \\ 5 st

. Atrioventricular valve 15 on
each atrioventricular canal and is composed of cusps or flaps.
*  Tricuspid valve has 3 flaps and is present between right atrium and ventricle. Bicuspid
valve (Mitral) has 2 flaps and is present between lefi atrium and ventricle.
. Complete separation of deoxygenated and oxygenated blood is maintained by formation
of sepra.
Each ventricle contains cone shaped muscular pillars called papillary muscles that are
attached by thin, strong connective tissue strings called chordae tendineae to cusps of
atrioventricular valves.
Aorta and pulmonary trunks have aortic and pulmonary valves. Each valve consists of 3
pockets, free inner borders of which meet in center of artery to block blood flow.
Semilunar valves are present at base of aorta and pulmonary trunk. Each valve cons

of three pockets like semilunar cusps. .
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P:-qtﬂlh-dthmuh"ﬂ" |
. The superior vena cava and inferior vena cava, both carrying deoxygenated blood, et

the nght atrium.
. Thnﬂlmmmuhbhodﬂmghlhcmcmpldvﬂvemmenwmm'
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Intarior waim Sava

4
I"T'Er-ﬁuT'll

Trdcu’-plin walbve

vgins puimonary semilunar valve

Pulmonary srenes

I

3 } Lungs
Capillanes -
4 4
k Pulmonary veins
(right and left})
v

Artenes

[ Leftatrium |

Bicuspid valve
1
v

| Left ventricie |

-r

Ty,

Aortic semilunar vahve
n

E CARDIAC

hases of Heartheat

The left atrium sends blood through bicuspid valve to the left ventricle. The left ventricle
sends blood through aortic semilunar valve into the aorta to the body.

The heart is a double pump because the right ventricle sends blood to the lungs, and left
ventricle sends blood throughout the body.

¥ ' Superior vena cava 1

It is the sequence of events which take | : -
Heart beat involves three distinct stages i.e. atrial systole, ventricular systole and diastole.
Relaxed period of heart chambers is called diastole and contraction is called systole.

One complete heart beat consists of one systole and one diastole
In one’s life. heart contracts about 7 £ hillion times, without stopping.

Life Process in Animals and Plants

ariEry in arm)

Pelmonary artery Pulmenay
! i -
Suptrior vena cava
Inferiar vens cava Anria

Hepatic vein

Hepatic portal vein —gs

Renal vein

CYCLE

place during the completion of one heartbeat.

and lasts for about .8 seconds.

Fvents in Veniricles

Valves Fvenits in Atria | Duration
» AV valves e Atria relaxed e Ventricles relaxed
open Deoxygenated | ® Ucn:r:-;}'gcuulm_l
o SL valves hlood enters hlu-.:dg l:ﬂm::kﬁ Jl:i:l
' iehit atri by ventncle throu
Diastole closed _n.bhtaitr_n}nm ¥ A AR
(Relayai vena cava righ |
afion) e Oxy genated o Oxygenated blu-}id
blood enters left enters left vcn‘lncl.e
atrium by through left atrium.
pulmonary veins
> y— 213
- FREP BOOK
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.

sound) s Left ventricle
* SL valves pumps r-.:rx:rgemnd
Ventricular open at the i RETEGRR blood via aorta to 0.3 seg
systole beginning during this phase all parts of body :
ol e 5L valves + Right ventricle pprox.
close at the pumps
end of systole - deoxygenated blood
(DUBB to lungs via
L | sound) pulmonary arteries
e Adrial systole;
; vemiricular
; diastole
atrial diastole
Semilunar
J valves
S-emﬂun:: .

valvies
apen

diastole
MECHANISM OF HEART EXCITATION AND CONTRACTION
The heart will go in beating after it has been cut right out of the body. Cardiac
are myogenic 1.¢., its rhythmic contraction arise from within the muscle itself.

Specialized strands of interconnecting cardiac muscle tissue that coordinate candisc

L
contraction constitute the comduction system. The conduction system constitules the
cardiac cycle. Cardiac muscle has an intrinsic rhythmicity.

. Heartbeat starts when the sino-atnal node (pacemaker) sends out electrical impulses 0
the atnal muscles, thus causing both atria to contract. It is located at the lpl"d‘
right atrium.

. (0.04 seconds for nerve potential to reach AV node & 0.11 sec delay from AV node
AV bundles ]

KETS - PREP BOOK :
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Life Process in Animals and Plants

~||_;||illl.'||l""

— . Striacture

It r.:rgnms;:; of i) Diffusely oriented cardiac fibers ii) Few myofibrils iii) Few
. ﬂlﬂ-l ¢ endings from autonomic nervous system in the upper wall of the
sinoatrial Nede | night atrium. It is close to where vena cava enter the atrium. SA node is

.!_je_w;]c:ped ffﬂin the sinus vemosus and has become a part of the atrium, so
it is called sinoatrial node

e - Ry || - - -
\trioventricular ‘ﬂ‘“jlhiif‘*“'“]”‘fd group of cardiac muscle fibers called afrio-ventricular
" Node noede. AV node is present near the Junction of right atrium and right

_| ventricle
T A"v’- node is connected to a strand of specialized muscles (in the ventricular
septum) known as atrioventricular bundle or bundle of His. This bundle
Atrioventricular ‘Ej‘:q"-—‘? "";:fﬁll.t:l? a :mj'ql'l opening in the fibrous skeleton to reach the
Bl.li'ldlf ET‘.-LI'IH".‘.HI_II] septum, where it, divides to form I'Igh[ ﬂ.ﬂd left hundlc
branches which extend beneath the endocardium on either side of the

interventricular septum to the apices of the right and left ventricles
respectively.

T]_v; inferior, terminal branches of the bundle branches are called Purkinje
fibres, which are large- diameter cardjac muscle fibres. They have fewer
myafibrils than most cardiac muscle cells and do not contract forcefully.
. Conducting | Intercalated disks are well developed between the Purkinje fibres and
| Myofibrils contain numerous gap junctions. As a result of these structural

modifications, action potentials travel along the Purkinje fibres much more

rapid than through other cardiac muscle tissue. SA node generates
l spontancous action potentials of greater frequency. i

Almoventricalar
{AY) nade

Sinoatrial
{5A) node

Bundbe of His
Ll
hundle
branch

L
ETLR gy
divisbom

Right bund

Ledt pasierior
hranch sikon

division

El ARDIOGRAM
hh_ e —— — n e — e — = .
Introduction The electrical impulses that pass through the conduction system of the
— | heart during cardiac cycle

The electrical changes from depolarization and repolarization of cardiac
Elﬂm‘ﬂ:ﬂrdiugraph muscle fibres and can be detected on surface of the skin using an
instrument called the electrocardiograph

-—-_hﬁ—s_ C— — -
Depolarization of the atrial fibres of the SA node produces the P wave.
P Wave The ventricles of the heart are in diastole during the expression of the P
— wave
\
KETS - PREP BOOK 215

Scanned with CamScanner



On the ECG recording, the P-R interval is the period of
e start of the P wave to the beginning of the QRS complex. :
P-R Interval This interval indicates the amount of time required for yh,e F,
depolarization to reach the ventricles
The QRS complex begins as a short downward dgﬂmw
In continues as a sharp upward spike (R), and ends as a dowpy..
BRI Grp e deflection (S). downyagy
The QRS complex indicates the depolarization of the ventricles
During this interval, the ventricles are in sysfole and hlmd_m
 ejected from the heart. ,

5-T Segment The time duration known as the 5-T segment represents the perjoq
between the completion of ventricular depolanzation and initiation of
| repolarization
T Wave The T wave is gnuluced;q}f ventricular repolarization T e
i - = e |
e '—I—l
1 R R —r—
‘rneﬁ-lmr.r-.-—
Wity slar
%
F |
L
OF 02 04 0.6 S080
T (0]
Uses of ECG
. An ECG is a painless test that measures the electrical activity of the heart to show
whether or not it is working normally. ECG can detect:
Cardiac arrhythmias

i
il Conduction defects
iii Size and position of heart chambers
iv. Damage to the heart muscle
V. Impaired blood flow to heart muscle
vi The effect of cardiac medicine
Vi Function of artificial pace maker
- BLOOD VESSELS _
. Blood vessels are involved in the transportation of blood. They are three types of blowd
vessels i.e. arteries, veins and capillaries.

Lrieries
Direction of They transport blood | They collect blood from | They link arterd with
Blood Flow | 22y fromheartto | various parts of body and | L oc v
7 ' various parts of body | transport it towards heant - iEee
All ¢ { T
| In:»::fdmr:.r il carry deoxygenated hey have mixed
I'vpe of Blood blood except hlood excent nulman | They ha
FRMERery; s I el oo
umbilical arteries ) LR TTR L] I?& VEINS ;’/
_..—-"—#
KETS - PREP BOOK

Scanned with CamScanner



. Thickness

Contraction of circular smooth muscles of arteries

Three layers
o Tunicaddventitio: Three layers
Connective tissue | *  TWnica Adventitia:
+ Elastic fibers Collagenous
o TunicaMedia: Connective Tissue
Circular smooth | * g’.‘""‘iﬂ Media:
: muscles + Elastic —Ircular smooth e el
S[rul:ture | fibers muscles + Thin Glg}rtﬁnﬁ cell thick
Simple squamous CO"‘?g""“ fibers
epithelium and * Tunica Intima: 1ul
elastic fibers Endothelium + Elastic
composed of fibers + Smooth
elastin Muscle
Elasticity Elastic | Less elastic Inelastic
ulsatile s e . - ] :
| g.mre Pulsatile Non-pulsatile Non-pulsatile
[ No valves except at Semilunar Valves are )
Valves the base of aorta & present to prevent the No valves
pulmonary trunk | backflow of blood
Blood Pressure | High blood pressure | Low blood pressure ﬁ!&ng LAl
| . Rapid blood flow k5.
. 400-500 mm/sec i , ,
Rate of Blood 4 A 1‘?1‘_[_"‘:,!“_.!'1 | Increases from smaller to | Blood flow 15 slowest
| aorta and decreasing | o | han | '
oW T arger veins ess than 1mm/sec
LAL &) e I ¢
. arterioles ok
Exchange of -
| Material [3a b r R , = a
Bore and Have smaller bore | Have larger bore and thin | Larger bore; wall one

cell in thickness

| walls -
Some Other Features

“and thick walls

and arterioles is under
control of the nervous system and endocrine system. When stimulated the
muscles contract, constricting the arterioles {vasoconstriction) and thus
ood in them and vice versa.

lled kimins, can cause powerful vasodilation, are
tissue fluids of some organs e.g., histamine.

assists (squash blood vessels) in blood flow
he valves. Portal veins carry blood to any
hepatic portal vein carries blood

Arteries ; -

reducing the flow of bl

Several substances, ca
— formed in the blood and tissue

In veins, muscle contraction also
Veing return towards heart along wuh | ;

 organ other than the heart. For example,
— | from intestine to liver. _

In liver, every cell is 1n
, capillary can be a
Capillaries | i brought about by chan%c

also regulate the amount ©

materials between blood and cclg :n
—— involves diffusion, active transpo

direct contact with capillary. The diameter of a
ltercd by nervous stimulation, which tends to close t:li_em and
by chemicals, such a5 histamine, which dilate lhem The glzz}ngﬁ in g?meiem'___

L o in shape of cells. The pre-capillary sphincters
f blood flowing in capillarics. Exchange of
cours through with extracellular fluid. It

d endocytosis

o
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¥ Blood Pressure

=

Which statement describes the tissues present in layer X?

A. Collagen and smooth muscle only  B. Elastic fibres and collagen only

C. Elastic fibres and smooth muscle only D, Elastic fibres, collagen and smooth muscle
18. Select an option of blood vessel which carry diffusible food particles from
small intestine to liver:

D FLOW

“Ii is the measure of force with which blood pushes up per unit area against the walls of
blood vessels”.

It is measured in mmHg.

Blood pressure is detected by mechanoreceptors called baroreceptors.

It is the force that keeps blood flowing from the heart to all the capillary networks in the
body.

The blood pressure is generated by the contraction of ventricles. This is called systolic
When the ventricles relax, the atrial pressure is lowest and is called diastolic pressure.
Blood pressure consistently decreases in the following pathway: i
Aorta — Arteries — Capillaries —Veins — Vena cava '
The normal systolic blood pressure is 120 mm Hg which is during ventricular s
The normal diastolic blood pressure is 75-85 mm Hg which is during di

heart.
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9. Which of the l:nllfnwi.ng is correct for 5 h
@ The systolic pressure is 130,
(i) The diastolic pressure is 80,
(iii) The blood pressure during heart contraction is 80
A1 only B.lllonly
C. 1and Il only D. 11 and 11 only

gate of Blood Flow
The rate of blood flow tends to fall as the bigad :

' . = : 45 the blood mov | - - L
arterioles, the rate is lowest in the capillaries: and':?r::lﬂg: tl(m P;at_nchqng altmesand ‘
veins. reases again in the venules and *

These changes in rate of blood flow result from
of the vessel system.
»  The flow of blood in veins is maintained by the contraction of surro unding muscles, the

acl‘lm]_tbf semilunar valves which prevent back flow of blood, Muscular activity includin
breathing movements helps normal flow of blood in the blood vessel. . - &

changes in the total cross sectional area

[ o

' arca |
Velocity of '
: | I blood Now
(mlL/s)

Ha)
8

g
e

»
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This system is responsible for the transport and returning of material from the fisg
mﬂbﬂd}'tﬂmﬂblﬂﬂd. ; i'.._ .
. It comprises of lymph capillaries, lymph vessels, lymphoid masses, lymph nodes, lym

lymphocytes.
Components of Lymphatic System

Lymph |
. Lymph is the fluid which flows in the system. The fluid in the interslitium is dm'mdb}-
filtration and diffusion from the capillaries. The intercellular spaces in the walls g

f the capillaries of blood vascular system,

lymph vessels are larger than those o

- This fluid is mainly entrapped in the minute space among the proteoglycan filamens
This combination of proteoglycan filaments and the fluid entrapped within them has the
characteristics of gel and therefore is called tissue gel.

. Approximately 3@ liters of fluid pass from the blood capi]lari_es into the interstitial spage

each day. Whereas only 27 liters pass from the interstitial space back into blogg

capillaries. The remaining 3 liters of fluid enters the lymphatic capillaries, where the

fluid is called fymph, and passes through the lymphatic vessels back to the blood.

The lymph vessels empty in veins; so lymph is a fluid in transit between interstitial fluid

L]
and the blood.

. In addition to water lymph contains solutes such as ions, nutrients, gases and some proteins,
hormones, enzymes and waste products.

L After a fatty meal, the fat globules may make up 1% of the lymph.

Wenula
Areriole

Tissue Muid =S o i j,er,_'- . Lymphalic vessel

" 20. Which row correctly identifies the locations in which a type of molecule or cell
can be present? ¥ e
| Type of Molecule or Blood Lymph Tissue Fluid
Cell
Antigens
Glucose
Lymphocyte
Neutrophils

=]lel--1F4
x| =) =

“-..,"'F-..,x *
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Life Process in Animals and Plants

r w F : .. - J
» [ymphatic system begins in the tissues as lymph capillaries, which differ from bl
illaries as they lack a basement membrane.
The lymph capillaries are far more permeable than blood capillaries and nothing in the
. interstitial fluid is exclu_dcd from the lymph capillaries. 3 ' i
] The lymplf} capillary e{pltheilu_m functions as a series of one-way valve (blind ended) that
' allows fluid to enter the capillary, but prevent it from passing back into the interstitial
gres.
L!rmph VESSE]S ) . o
H The ng,rm_ph capillaries join to tpnn larger I}'mph vessels that resemble small veins. Small
[ymphatic vessels have a beaded appearance because of the presence of one-way valves
along their lengths that are similar to the valves of veins.
Lacteals are the branches of lymph capillaries inside villi of intestine.

: Largest lymph vessel is theracic duct. .
.  Lymph vessels which carry lymph towards lymph nodes are called afferent lymph
vessels while the vessels that carry lvmph away from lymph nodes are called efferent lymph
vessels. ;
Lymph Nodes '
- These are masses of connective fissue and round, oval, or bean-shaped structures
distributed along the various lymphatic vessels. These are equipped with {ymphocytes.
' In the human body, the lymph nodes are present in various body parts such as meck
region, axilla and groin. |
. Several afferent lymph vessels enter a lymph node, which is drained by single efferent }
lymph vessel.
' Lymph nodes act as filter for lymph as do spleen for blood.
Flow of Lymph
. The thoracie duct drains the lower limbs, abdomen, the left thorax, the left upper
extremity, and the left side of the head and neck. The duct ends by entering the left sub-

clavian vein. sl . Al
' The right lymphatic duct is much short and smaller in diameter than thg thoracic duct. It ;
into the right sub-clavian vein.

*  The flow of lymph is maintained by: ‘ — i

1. Activity of skeletal muscles - Location of lymphatic systgmt

% Movement of viscera || Lymphatic system 15 rwpqnmblg

3. Breathing movements || for returning ;f n?ate;lal ]:.hgt

4 e 7 card flow leaves the blood capillanes. 1L 1S
Semilunar valves that prevent backward flow | Lo e b Y

"F“‘:ﬁPHS of Lymphatic System
Return of excess extracellul

R proteins to the blood. SH
Absorption of large fat globules by lacteals of

villi,

Play important role i

present inside lymph nodes kill ba

cornea and bones.

ar fluid and

n the defense system of the body. Lymphocytes and macrophages
' cteria and VIrUses.
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d _.mmnurlmphhm .
B A Tissoeflud
C. Blood plasma

IMMUNE SYSTEM

Immunity
The capacity to recognize the intrusion of any material forcign to d:g

-
mobilize cells and cell products to help remove the particular sort of foreign m-ﬂ

greater speed and effectiveness is called immunity.
The body's response to foreign particles, such as the production of antibodies direc I

against a specific antigen, is called an immune response.

DeI'Ense Lines

The human body has three lines of defence against microbial attack.

First and second defense lines are non-specific while 3™ defense line is specific.
Skin, mucous membrane and blood clot are physical barriers.

HC1 and lysozyme are examples of chemical barriers.

Phagocytes and lymphocytes are example of cellular/ biological barriers.

(i) First Defense Line 7
The human body has two surfaces exposed to the environment: the skin and the mucoxs

membranes of the digestive and respiratory tracts.

. Since these barriers inhibit all kind of microbial invasion thus, first line of defence i
supposed to be a non-specific defence.

Skin

s It acts as impenetrable barrier against microbial invasion and is made up of two layersic
epidermis and dermis.

. Epidermis is superficial multicellular thickened layer. Most cells of epiderms a
keratinocytes, which produce a protein mixture called keratin. The outer surface of the
skin also consists of dry dead cells. Consequently, most microbes that land on the skin
cannot obtain the water and nutrients they need.

. Epidermis is also equipped with epidermal dendritic cells that actively patrol the skin 10
phagocytize pathogens.

. Dermis is the inner, comparatively thick layer containing glands, hair follicles,

receptors, nerves and blood vessels.

. Sebaceous glands produce sebum whereas sweat glands secrete sweat. Secretions from
these glands usually cover the skin. These secretions contain certain chemicals such &
lactic acid that inhibit the growth of bacteria and fungi. I

Mucous Membrane
& The gastrointestinal tract and inner surface of nasal cavities is covered by meeo®

*  Mucus secreted by the mucous membrane is involved in trapping of microbes.
Role of Acid L TSERES :

. Acids such as gastric HCI kills the bacteria present in food.
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cond Defense Line .

- microbes bm;kwsum?ssﬁﬂlqpemm the skin or mucous membranes, then second
 line of defence takes action against these foreign invaders, This defense line includes
response by phagocytes, natural killer cells, inﬂnmmﬂmj-_m and fever I
,  This defence is mom-specific because they attack wide variety of microbes, rather than
* jargeting specific invaders as the immune response does iC | J
Role of Phagocytes in Defense |
.  Aphagocyte isacell that destroys other abnormal body cells/cancerous cells or invaded

microorganisms by engulfing them by phagocyiosis. Two types of blood cells are
phagocytes i.c., macrophages and neutrophils. * LI

. Macfﬂlj'l‘_r'_ﬂgﬁ are deri ved from monocytes and generally found in the organs such as the
lungs, liver, spleen, i‘lfi'{r;r and lymph nodes, rather than remaining in the blood. In these
organs, they patrol :wnhmr_n the free spaces among the cells and provide protection by
trapping and destroying microorganisms entering the.tissue.

Role of Macrophages '

: They act as antigen presenting cells and display some parts of microbes on their surface
so that other body cells may also be informed.

. The macrophages also secrete many different proteins when they perform phagocytosis
of the microbes. Some of these proteins trigger the maturation of monocytes into
macrophages, thereby increasing their numbers.

C Another protein inferleukin-I signals the brain to raise the body temperature, producing

fever.
. Some other proteins also stimulate the specific immune response.
Macrophages
attack

Macrophage engulfs
I:ractfnumsafnd dﬁs;'llys
parts on surface

baciena

Mature macrophage
?E of Neutrophils
~ Neutrophils are short lived.

- FREP BOOK

Scanned with CamScanner



Role of Natural Killer cells | : _ .
. Natural killer cells are a type of T-cell. These cells do not directly attack invg
microbes. Instead, natural killer cells strike at the cancerous cells or body cells | s

have been invaded by viruses. | .
These cells kill their target by releasing perforins, which pupcp he
through the membranes of the infected cclll‘s, The pores formed by these = leg
allow for the passive diffusion of certain apoptotic proteases, Known g, lnl:
grangymes, into the target cell. The cell dies by apoptosis. :
Protective Proteins of Complement System |

The complement system consists of over thirty types of small proteins foung i, the

L]
blood, in general synthesized by the liver, and normally circulating in inaetipe State
They are activated on the entry of foreign particles. -
. The result of complement activation is stimulation of phagocytes 1o clear forejgy ang
damaged material by acting as an important supporter of the immune system.
. It also causes the development of inflammation to atfract additional phagocyres al
the site of infection and activation of the cell killing membrane attack complexes,
. It also promores inflammarion, and attacks the pathogen's plasma membrane,
LYSIS OPSONIZATION ACTIVATION OF CLEARANCE OF
INFLAMMATORY RESPONSE  IMMUNE COMPLEXE;
Complement
- receptor
Bacteria “ y |
Complement | * ‘
vy |
4 i

!n'q:; ,
Target cell

Role of Interferons

. Interferons belong to the large class of proteins known as cytokines, which are the
molecules used for communication between cells during infection. |

. They are madff and released by host cells in response to the presence of several
palhugn.:ns spucmlt‘}.' viruses. They activate molecules which prevent the virus from
producing f'md re!jlzmalmg its RNA or DNA. In this way, interferons limit cell-to-cel
spread of viruses in the body,

. LFNs also activate immune cells, such as natural killer cells and macrophages that in ™

destroy virally infected cells.

Ph.agu-cyte

KETS - PREF BOOK
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Inflammatory Response

. It 15 a major component of the non-specific defence. Any damage to tissue, whether
caused by an infectious microorganism or by physical injury, even just a scratch or an
insect bite tnggers this response,

. Inflammation can be localized or systemic.

. The classical signs of inflammation are heat, pain, redness, swelling, and loss of
Junction.

. In case of injury or pathogenic infection, the sequence of events are mentioned below:

i The damaged cells release chemical signals such as histamine

. Histamine mediated vasodilatation and blood vessels start leaking.

lii.  Phagocytes engulf bacteria and cell debris and result in tissue h

Tissue Injury; release ) Dilation and Increased ) Phagocytes
° of tMmlﬁl;uFﬂgmll © leakiness of local blood (macrophages and
such as histamine vessaels; migration of neut ils) consume
phagocytes to the area cleria and cell debris;
tissue heals

Role of Fever as Second Line of Defense .

: Fever/pyrexia is due to pyrogens that are chemicals released by mvading organisms.
Pyrogens increase temperature set point of hypothalamic thermostat ut’hpd}r.

¥ White blood cells in response to infection produce hormones called emdogemous

4 These pyrogens increase temperature set point of hypothalamus because higher body
lemperature than normal increases the activity of phagocytic WBCs that am:kﬂlgm
bacteria. The endogenous pyrogens also cause other cells to reduce the concentration of

e B -
: iron in the blood.
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Fever also increases the production nfhmfmﬂmwlm other cells

their resistance to viral attack.
viruses is reduced at higher temperatures; therefore, fever may inhibit replication.

(iii)  Third Line of Defense

‘ The third line of defense or immune system is the highly specific defense/resisig

which relies on antigens/immunogens, which are specific substances found in foreigy
microbes. These antigens serve as the stimulus 10 produce an immune response.
It is derived from mesoderm.

. Antigen or immunogen 1s 3
formation of antibodies.

. In 3™ line of defense, the immune responsc can be of two types: humoralantibody

mediated immune response which is carried out by B-lymphocytes/plasma clone

cells and cell-mediated immune response which is carried out by T-Iymphocytes.

However, the activation of these lymphocytes depends upon the participation of

monocytes/macrophages.

Role of Monocytes in Third Line Defense

. When macrophages perform phagocytosis of invaded microorganisms, they digest
them and display microbial antigens on their surfaces, and also begin to secrefe
about 100 different compounds including various enzymes, interferons and a protein
called interlenkin-1.

. The interleukin-1 secreted by macrophages activates the T cells. That in tumn begins

to secrete interlenkin-2, which then activates the B cells. .

Interleukin-1 also promotes a general response to injury, causing fever and activating

other mechanisms that defend the body against invasion.

foreign substance, often a protein which stimulates fhe
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72, Both lysozyme and cytotoxic T cells
A. Kill cells through chemical interactions
B. Kill cells by inducing apoptosis
C. Kill cells by generating a membrane attack complex
D. Are part of innate immunity

Cell Mediated Immune Response
@  This type of immune response depends upon the T-cells which originate from stem cells
in the bone marrow. After early embryonic development, the newly formed T-cells
migrate to thymus gland for processing. The thymus makes T-cells immuno-competent
that is capable of immunological response. -
T-lymphocytes are further divided into following categories:

iy Helper T-lymphocytes (CD4): These cells secrete interlenkin- 2, which stimulates cell
division of T-cells and B-cells. In other words, these cells recruit even more cells to help
fight the pathogen. .

(iii)y Suppressor T-lymphocytes (CD8): When infection is successfully removed, these cells
begin to secrete certain proteins that inhibit further proliferation of T cell. Therefore, they
shut down the immune response.

(iv) Cwotoxic T-Iymphocytes (CD8) are involved in direct killing or destroying of antigens.
For destruction, they usually depend upon lysosomes and peroxisomes.

(v) Memory T-lymphocytes: These cells remain dormant after the imitial exposure to an
antigen. If the same antigen presents itself again, even if it is years later, the memory cells
are stimulated to convert themselves into helper T-cells and help fight the pathogen.

Mode of Action of Cytotoxic T Cells

. Cytotoxic T-cells carry out their killing function by releasing two types of preformed
cytotoxic protein: the granzymes, which seem able to induce apoptosis in any type of
target cell, and the perforin, which punches holes in the target-cell membrane through

which the granzymes can enter.

i Cytotoxic T cell binds @) Perforin makes holes in @ Intected cell
ta infected cell infected cell's membrang is destroyed
and enzyme eniers

Sell-nonseli
complex ,
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Humoral Immune Response

Humoral immune response or antibody medicated immune response is show "

lymphoeytes which are differentiated in bone marrow.

!

(vi) B- 1}"'111?1111-::,-'1-:3 have been given name due to their 1* discovery from Bursa of Fabriciy
which is a lymphoid tissue in birds around cloaca.

. In humans, these are produced and released in mature form from bone marrow, Aﬂ“
stimulation by antigen, they are activated and start dividing and form:

(i) Plasma cells clone which synthesize and secrete antibodies in plasma and other body fluids,

(i)  Memory B-cells which keep information/ memory of antigen encountered.

. B-cells express specific receptors on their cell membrane, the B-cell receptors (BCRs),
BCRs allow the B-cell to bind a specific antigen, against which it will initiate an antibody
response.

Antibodies

. Antibodies/Tmmunoglobulins are globular proteins, manufactured by B-lymphocytes,
then secreted into the lymph and blood where they circulate fn:ely.

L1 These are Y-shaped molecules and possess
quaternary structure. g f

. Each antibody consists of four Classes l.lf ﬂhllﬂihﬂﬂll.‘ﬁ and their
polypeptide chains; two heavy chains and Important Functions:
twa light chains. IgA plays a role in localized defense

. Each chain has a constant region and l mechanism in external secretions like
variable region. In constant region, the §| tears. ) Al
amino acid sequence is constant within a || 18D i involved in recognition of
particular immunoglobulin class. | antigens by B-lymphocytes.

- IgE is involved in allergic reactions.
. On the other hand, variable segment o e :
h =t - . . IgG is responsible for complement
consists of different amino acid sequence §| o . '
in every antibody. Therefore, they act as IgM is also responsible for complement
antigen binding sites. Each antibody has Brabon
two antigen binding sites,
Antigen binding sites
Variable region
on heavy chian
-
Light chain ¢ L—Variable region
/ on light chain
; : Constant region
Disulphide on light chain
bridges
Constant region
on heavy chain
Heavy chain
Structure of an antibody
T~ =oED ROOK
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The polypeptide chains of an antibody molecule are linked with each other througt
disulfide bonds. Typically, there are two disulfide bonds betires heavy G
two disulfide bonds are present between heavy and light chains. : !
¢s of Action of Antibodies 3
~ Antibodies work in different ways: the antibody can bind o -
antigen-antibody complex thus promote ph “gﬂi'fusis. b%!;l.n:y n; I::ant_lge_u, fnmnng an
system. Antibodies can combine with toxins to neutralize them. '

e =
L als L ! i
-~
- /
Fa b - r
; F
f £
f b "
'y
o -
‘II 1 ."".l
h L
. 3 S

= Macrophage

Types of Immunity

. There are two basic types of immumty: inbern or innate immunity and acquired or
adaptive immunity.

Innate Immunity

. The ability of the innate immunity to kill microorganisms is not specific.

. First and second lines of defense are part of innate immunity.

Acquired Immunity

. Highly specific protection is provided by innate immunity, but it takes several days for
this system to become fully functional. : v,

. There are two types of acquired immune responses i.e. cell-mediated response and
antibody-mediated or humoral immune response. o I

. iven in the following table:

The comparison between inborn and acquired immumnity 18

Features Inborn/Innate Immunity Acquired Adaptive Immunity

R ] i Hou Days

_Response Time Hours _ N — —

Specificity Limited and fixed Highly diverse, improves during
i the course of immune response

Response to | Identical to primary response Mﬁ":;lﬁs'c"m rapid than pnmw

Repeated Infection ! o
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changes that occur in tlu

7 23.The graph shows the

during the first few months aﬂer hirth is correct?
JI. blrlh

conceniration
of antibodias
in blood of
bakby

antibodies in the blood of a baby before birth and during '_ _‘l, :
months after birth. Which description about the changes in immuy

total antibodies

|
o1 B 10
time/ months

L] I
¥l 12

mugen
/@” o = gf ==
| _— — -
- binding of aniigen
thal has nat ye‘r and aciivalion of B-lymphocyle
been acivabed

repeated cycles of cell division by milasis

A. Active artificial immunity decreases, active natural immunity increases
B. Active natural immunity decreases, active artificial immunity increases
C. Passive artificial immunity decreases, active natural immunity increases
D. Passive natural immunity decreases, active natural immunity increases
24, After recognition of antigen, immune system is triggered.

-;';”’“
0‘ 0‘ 0‘

Which type of immunity production is shown?
A. Innate immunity
C. Cell mediated Immunity

B. Active immunity
D. Passive immunity

Scanned with CamScanner



";;__JL:F ;_
nmmﬂfmqmﬂmmg-
wllmlt!' "
wlmmmly 3 g
mmeﬂlﬂdﬂfmmmﬂnﬂmﬂmmh
ﬂmumshepnhh&mh:m snakebite venom etc.

These are further divided into natural and artificial immunity.
Mm[mmnnity

whenapmsonlsexpnmdtnanmfecnnn{anngmm
survives, then this immunity developed against mﬂ]dm umﬁﬂ .l I,,“.f' S

='I NCCUIOT

- \

Al’ﬂﬂd’l Active Immumt:.' (Vaccination) ;'
The use of vaccines, which stimulates the production of antibodies in the body, ﬁ_:!,; :
making a person immune against the diseases or infection, is called artificial active
immunity. The process is called vaccination.

o Thisactive immunity has been achieved by artificially introducing antigens mthab%

Natural Passive Immunity
If the source of antibodies is natural, then type of immunity will be called as natural

passn.e immumnity.
«  For example, antibodies from a mother can cross the placenta and enter her fetus. In this
way they provide protection for the baby until its own immune system is fully functional.
+ This immunity may also be provided by colostrum, the first secretion of the mammary
glands. The baby absorbs the antibodies through its gut. '
Artificial Passive Immunity
. Antibodies which have been formed in one individual are extracted and then injected m

the blood of another individual.
* Inthe case of snakebite venom, passive immunity is produced by antitoxins, so the serum
15 called anti-venom serum.
*  Similarly, specific antibodies used for ¢
injected into humans. :
*  The comparison between active and pé Ve immun

ombating tetanus and diphtheria are cultured ant_l

3

15 vﬁlllllﬂ]ﬂf owing table:

A ctive Immunify

Fi ur
ced because of entry of |
h‘dﬂtﬁnn of ]mmunil’z, ;;T;il;n antibodies. :
. 1 ulated to pro[!m;c Antibodies are m
-sm"*ﬂf!mﬂhndies m:ﬁuﬂ from other source.
! — ow m =My
Antigen Anb LT

Pmlmsd
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Size and Shape of Bactena
Bacterial Cell Structures

Importance and Control of Bactena

SIZE AND SHAPE OF BACTERIA

COURSE CONTEN']

. Kingdom prokaryotae consists of organisms with prokaryotic cells. These organisms gre
simply called as bacteria which are microscopie, single-celled and thrive in diverse g
environments. I
Size of Bacteria I

. Bactenial cells are about one-tenth the size of cukaryotic cells. However, a few species

are visible to the unaided ey

Range

L

0. 1-600 pum

Mycoplasma (Smallest)

100-200 nm

Escherichia coli

1.1-1.5 pm (width), 2.0-6.0 pm (length)

Spirochete

500 pm in length

Staphylococei & Streptococei

0.75-1.25 um in diameter $

I J"f]i.!ﬂ"ﬁ;f!f.‘-‘:'.":HHjf.'.'iﬁ{fﬂ'.'r'e.'u'

600 pm long, and 80 um thick

Shapes of Bacteria

. On the basis of general shape, bacteria are classified into three categories which may be
Cocel (spherical or oval in shape), Bacilli (rod shaped) and Spiral (curved/ spnng {

shaped).

. Most of the bacterial species have fairly constant characteristic cell shape. However, it
has been shown that certain bacteria are capable of dramatically changing shape. Such
bacteria are called as pleomorphic. For example, H. pylori exist in both a helix-shaped

and a spherical form.

Arrangement

Division

Examples

Coccus S ]'tu.rjv:ul No | Streptococcus
Diplococcus Two cocei Siiiglé plane of division | Peumoniae, Neisseria
Stre ' e — — meningitidis,
treplococcus ! AOCCI Im chain Single plane of division Staphy
oo | Iregular -
Staphylococcus gement Random pirmuf;
Tetrad Square of four cocci | Two planes of division
Sarcina/Octate | Cube of eight cocci | Three planes of division N
Bacillus Rod shaped No Escherichia coli,
- 3 P : S Bacillus subtilis,
lobacillus Two bacilli Single plane of divis
gy - - ¥ : . . !E!ﬂn Fseudomonas
Streptobacillus | Chain of bacilli Single plane of division
Coccobacilli Rod shaped with No
KETS - PREP BOOK
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cal. ends = = Haemapo'uhﬂ fM 1

| Spirally coiled No Vibrio chafe:u'
— == - Hyphomicrobium,
Vibrio o e Helicobacter pylori
@_M'd spiral | No | Treponema pallidum
= Thin, flexible spiral | No
W ! P ‘ 3

SPHERES (COCCI)  RODS (BACILLI)  SPIRALS
Streptococci
 (Streptococcus
pyogenes)

Spirilia
{Helicobacter pylori)
Flagellate rods
I'Sa!nmﬁse-la typhi) o~
Sarcing Spomfnrmér
fSarcing (Clostridium Spirochoetes

vertriculi) botulinum) {Treponerna pallfidum)
BACTERIAL CELL STRUCTURE ’

All bactenial cells invariably have a cell membrane, L'&li‘l];ﬂﬁ"sn'l ribosomes and chromatin
bodies.

The majority have cell wall, which gives shape to the bacterial cell.

Specific structures like capsule, slime, flagella, pili, fimbriae and granules are not found

in all bacteria. ,
Mesosome

ytoplasm
Chromosome Cytop

Flagellum

Plasma membrane Plasmid DNA

Cell well

B ’
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. The structures that

.« and include flagella, and pili/fi-briae.

sella and Pili

Appmmnct

Bacterial Appendages \at project from the surface of the bacterial cell are calleg

Thin, long, flexible and helical

Thick, short, ngid, “ﬂ'hﬂinl, and
hollow

chemotaxis.

e e —

A.l and 2
C.2and 3

, through cell wall. -
Composed of | Made of Flagellin protein

Origin  Originate from basal bﬂdlcﬁf attached
with plasma membrane & pass out

Tubular extensions of cell
j and project through the cell wal|

"Made of pilin protein

| Present in all except cocci. Coccl

Present in Gram negative bacteria whic while
absent infG_l'ﬂlﬂ Pﬂsiliﬂ: hﬂﬂEﬂ‘l L

Presence
| rarely have flagella.
_ e il - —_—— —
‘unction * . . E
s Help in locomotion/ motility

Involved in attachment with host 1 |
 Transfer of genetic matenal duri
| conjugation (also called sex pili) i

cRITICAL THINKING 2

1. Which two structures play direct role in permitting bacteria to adhere to each
other, or to other surfaces?
1. Capsules 2. Endospores

3. Fimbriae 4. Plasmids 5. Flagella

B.1and3
D.3and 4

I'vpe
Mono-polar Monotrichous

Classification on Basis of Flagella
* On the basis of presence or absence of flagella, pattern of attachment of flagella and the
number of flagella present, the bacteria are classified into different taxonomic group.

Flagzella
Bactenum  possesses
single flagellum at
one end

Appearance

Bi-polar
Monotrichous/Amphitrichous

Bacterium possesses
single flagellum at
both ends

‘Mono-polar Bitrichous

Bacterium possesses a
pair of flagella at one
end

Bi-polar Bacterium possesses a

Bitrichous/Amphibitrichous | pair of flagella at both
ends

Lophotrichous | Tuft (more than two)
flagella is present at
one end of a

= bacterium 1
KETS - PREF BOOK
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TTult of flagella is
present at both ends of
a bacterium

| Flagella. ~ arise |
randomly over the
entire surface of the
cell

Basal Body: .
Bacterial flagella consist of three parts: a basal body, a hook and a filament.

= Hoaok
: sAnas Fody

Araptidaghycan
L= T8 L

The mechanism of movement of bacterial flagella is quite different from cukar}fgtlc
flagella. Tts basal body produces rotatory motion. The 360" rotation of paired discs
enable the flagellum to rotate which in turn causes the cell to spin and move forward.

-

Cell

Envflﬁe

- The detailed studies of bacterial structure by the electron microscope revealed that the
=nl, - e . -rial cell.

cell envelop is the outer wrapping of bacteria . e
' Complexes of layers external to the cell protoplasm are collectively called cell envelope

and commonly include capsule, slime and cell wall.
Capsule i

, aloni encapsulated bacteria.
) A thick, gummy structure giving sticky character to wll"ames of encapsulated bac
| [ » ! [ 3 ; y & ' 4

*  Itis made up of polysaccharide units or profeins or bot
*  Itis tightly bound to the cell.
Slime _ ey : d from cell
Slim 7 . cansule and can be removed ITc
. Loose soluble shield of macromolecules outside capsule and

gLy, ; . guch as antibiotics etc.
: o ieonmental dangers Suci s S

Rl o e, o ia from environmen ‘
W Funciot L HIH 1a by the cells of immune system
' : : qpocytosis of bacteria by T bl S
. lh: 2’““ ﬁrf;ﬂlme'b“ 3 ww;r.:;lizéhgi;gitgcr zf bacteria and hiding bacterial componen
Rlled acrophages by mcreasing cer
iPmm € system == {inert surfaces and the s
fiim : =t and me =

Motes the adhesion of the bactena £ lwmgthat are called biofilms

Iymcalyx~en.clused opulation

ubsequent formation

. 41

Scanned with CamScanner




Cell Wall

that allow them to :ﬂel: Hm]:r to medical ¢

Which one of the following is the name of this extra cellular
A. Axial filament B. Endotoxin

C. Flagella D. Glycocalyx

3. Which of the following requires ATP to function, and permits some l]ndu to
respond to taxes (plural of taxis)?

A. Endospore B. Sex pilus

C. Flagellum D. Capsule

A rigid structure between extracellular substances and cytoplasmic membrane.

Cell wall is only absent in Mycoplasma.

It is composed of a macromolecule called peptidoglycan consisting of long glycan chains
cross linked with peptide fragments.

Sugar, teichoic acid, lipoproteins and lipopolysaccharides are also present which are
linked with peptidoglycan.

Teichoic acid fibers protrude outside the peptidoglycan.

Cell wall of archacbacteria does not contain peptidoglycan; rather contain proteins,
glycoproteins and polysaccharides.

It determines the shape of bacteria and protects the cell from osmotic lysis.

It provides identity to different bacteria, depending upon their staining characteristics
1.., Gram positive and Gram-negative bacteria.

The Gram-negative cell wall also contains a protein, the porins in outer membrane which

/ K [E[Z]|E| E

act like pores for particular molecules.

—oRITICAL cONCEPT) |
Peptidoglycan: _ i
Chemically, Peptidoglycan is a conjugated molecule, consisting of two alternating amind

sugars make up the crystal lattice structure of peptidoglycan; they are N-acetylglucosamine
(NAG) and N-acetylmuramic acid (NAM). Amino sugars are sugar molecules that have an
amine group (-NH:) replacing one of their hydroxyl groups. Fach NAM molecule has an
attached chain of four or five amino acids. Crosslinking between these amino acids E""“
peptidoglycan its strong structure.

HF‘m

s
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Characteristics

Stain Retained

Outer .
membne layer

- Cell membrane
Membrane protein®

Gram Positive
Primary dye (Crystal violet &

Gram’s iodine)

Polysaccharides  Porins

Lipids

Membrane
protein

Gram Necative

Secondary dye (Safranin)

Final Color After Staining

Purple

Pink

Number of Major Layers

1

“»

Peptidoglycan

More (50% of dry weight)

Less (10% of dry wcight}g

Lipids

Less (only 1-4%)

| More (11-12%)

Additional Substances

Teichoic acid and lipoteichoic acid

Lipopolysaccharides,

lipoproteins

Relatively less thick (8-

Overall Thickness Relatively thicker (20-80nm)

1 Inm)
Outer Membrane Absent Present
I""lllll'.if;mi-: Space Present in some species Present in all species
r'l'-lllﬂhi]ity of Molecules | More penetrable | Less pcqctrablc
 Resistance to molecules | Less More
Porins Absent Present H

Pﬂﬂphsmlc sp&ce lies between pepudoglycan I

ayer of cell wall and cytoplasmic

ite having certain €1
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C_ﬂnplmir Matrix

4 b e performance

Cell Membrane
L]

4. Pick rlhe correct one regarding cell mem brane:

e

1. Applying a primary m(cmta!vmlﬁjmlhﬂtﬁmd
2 ﬁddiﬁm:f;mdmt{(q?:l's Iuﬁ::éll} : _
3- : id . T ] h F -
4. Counterstaining with safranin

It is thin, flexible structure beneath the cell wall and ;m:_zpl‘mly sum:n.mh tbg CYtOplagy,
It is very delicate in nature and any damage to it results in dc?th ufﬂj::orgnm ¥ ik
Bacterial membrane differs from eukaryotic membrane in lacking sterols sy, oy
cholesterol, -
Itis involved in transport of proteins, nutnents, sugars and ela:tn:'ms or other metaboliges
The plasma membrane of bacteria also cunminsrm;:.mus Sor respiratory metabolisy

| Features | Prokaryotes | Eukaryotes
A. | Help in flow of nerve impulse  Yes Yes
B. | Lacks cholesterol Yes Yes
C. | Helps in transport of material Yes | Yes
D. | Proteins are embedded in membrane | No

. A gel-like substance present between the plasma membrane and the nucleopid.

s Plasma membrane and everything present within it is called Pprotoplast.

» Cytoplasmic matrix lacks membrane bounded organelles and cytoskeleton; however,
chromatin/ nuclear body, ribosomes, mesosomes, granules and nucleoid are present n it

Nucleoid

. Other names for nucleoid are nuclear body, chromatin body and nuclear area.

. Nucleoid is the nuclear region of bacteria which is not separated from the cytoplasm by
nuclear membrane. It consists of single, large circular, double stranded DNA molecule,
ABEregales as an imregular shaped dense area in the centre of bacterial cell. Due to this
single chromosome, bacteria are considered haploid organisms. L
A short duration of diploid state comes in their life cycle just before cell division when
they replicate their DNA.

It is visible in the light microscope after stain

The nucleoid DNA conrols growth and metabolic activities of bactena.
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o  The cell membrane invaginates into the cytoplasm forming structure calle
mesosomes. They occur in the form of vesicles, tubules or lamellae.

o  They are involved in DNA replication, cell division, expori of exo-cellular e
Respiratory enzymes are also present on the e 3

storage Bodies and Granules

g Since baclcna exist i1 a very compelitive environment where nutrients are usually in
short supply. They tend to store extra nutrients when possible.

- The nutrients may be useful e.g., glycogen, sulphur, fat and phosphate.

e In addition, cells contain waste materials that are subsequently excreted e.g., alcohol,
lactic acid, and acetic acid. ‘ '

Spores

M Th.esg_are metabolically dormant bodies, resistant to adverse physical environmental
conditions such as light, high temperature, desiccation, pH and chemical agents.

. They may be exospores (external to vegetative cell) or endospores (inside vegetative cell/
inside cell wall).
. Endospores are more resistant structures and can survive for years.
. They germinate 1o form vegetative cell under favorable conditions. They nommally
develop at end stage of growth of bactenia.
. They are dormant, thick walled, desiccation resistant form but not heat resistant
sinuctures.
. They develop during differentiation of vegetative cells which can germinate under
suitable conditions.
M[Endospﬂm) & Qutside
Resistant 10 light, temperature, desiccation, s !
: . Desiccation resistant P
.EH-_md chemical agents :
, Develops during differentiation of bacterial
Mwum.mgc of bacterial growth o |
. cell. i
‘aﬁlomm Azotobacter

b ___.'.I'.l.i_h_
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of Bacteria mportant members of biodiversity from ccological, ecq, S

biatﬁ:hnnlugical and research 'frir:w point.
cal Importance of Bacteria

N Emé::fingical importance refers 10 the mig 0 |

. Decomposition of dead/complex -D!’gﬂ.{llt‘. matter

Humus formation (o Increase the fertility of soil

Em Bacteria are very !

f bacteria in environment, such as;

L]
. Bioremediation eic.
le of Bacteria as Recyclers _ : _.
:tul:ﬂ Bacteria serve as recyclers of nature as they are involved in decomposition of deag s,
complex organic matter in the environment. 1 | ool !
. If the dead bodies are not decomposed, the organic nutrients present in their bodjeg .

not be released in the environment. The organic carbon present in dead bodjes Mighy
diminish all the CO: from the atmosphere if there were no decomposers present op
. Through this process, other organisms also get benefited, who can use the simple forms
of organic compounds/nutrients released from the dead matter of various bacteria,
Role of Bacteria to Increase Soil Fertility by Humus Formation and Nz-Fixation

. The partially decaying organic matter of dead organisms 1s called humus. It CONtaing
nutrients and increases soil fertility for the growth of plants.

. It also increases the water retaining capacity of the soil. Bacteria and fungi are the only
organisms that decompose dead animals and plants and thus, take part in humys
formation.

L ]

Soil is the only source of nitrogen for plants as they cannot inhale nitrogen directly from
the atmosphere. Nitrogen from the atmosphere can be available to the plants thmughﬂﬁ:
process of nitrogen fixation, |

This process takes place with the help of nitrogen fixing bacteria like Rhizobium and
q _!:ﬂﬂhm-rfrm in the soil. These species of bacteria convert the atmaspheric nitrogen into
hitrates and nitrites as a part of their metabolism. and make it available to the plants

. Leguminous plants have a » st PN =
-E8 : 5 hay rfualistic association with the b e e -
tissues for this purpose. ¢ bacteria living mto their

Role of Bacteria in Bioremediation

o Removal or degradati i
g2 on of environmental p s T et ; .

B e ediction pollutants by using living organisms is called
- It involves the nee L e )

been ﬂenéﬂ'ﬂif; L bacteria that either naturally loves to eat contaminants or have
. Scientists ;]'Jr altered to give them the taste for toxins |

H kg an:. r L.Si ¥ F - 2 el B

radioactive w enng or deploying microbes to purge sites of contaminants such as ol

. IVE waste, pasoline, Mercury. il L :

- Economic Importance of Bacteria

;I'heh cconomic importance of bacteria refers
. lec nnl?gy, plant diseases ang
ole of Bacteria ip Research and Te

. : to the role of bacteria in research an
In human diseases.

chmlng}-

. Bacteria pla :
research, I:ni,:mg l:}“;g:::?ﬁljlmlg Ml many technological fields, mainly in biologicd
lreatment. The m:rr:rall f_m;tt;'tgrc' l:ﬂm“hﬂf food products, plastics synthesis and
| - 1al worth of bacteria in thes tions is iy
KETS 5 e : \ !
== operalions 1 1MMmense.
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Bacteria were used as nnﬁlq-hh - of famo
discovery of DNA as o TN
R ﬁ“m L*-,.
M_wnfhmduﬂmmmmdn vol in |
Jse in Mining :
e  The miners can extract metal from low grade ores in a relatively ecologically fi

way by using certain bacteria. e 4

. mmmmrmwmmmwmnmw

the oxidation of metal sulphides, particularly copper sulphate so that n‘enuhlhhill
CusS to 2Cu™ and SO mlsﬂlmﬂmmppu'mbchﬂmdmﬁg:rm&.

. I' ferrooxidans is also used in the organic leaching of gold and uranium with the &
other bacteria such as T thiooxidans and Leptospirillum ferrooxidans.

Use in Production of Complex Organic Molecules

. Bacteria are useful to mankind in the production of complex organic molecules that are uf
use in small amounts as part of the normal process of living, these include antibiotics,
vitamins, amino acids and enzymes.

. In addition to these compounds, the dairy products such as yogurt cheese, butter ete. are
also produced with the help of bactena.

Use in Production of Biodegradable Plastic

. Now a day, biodegradable plastic is made by using two bacterially produced mnlemlu,
Pﬂﬂh&—hldﬂrn ‘butyrate and Poly-B-hydroxyvalerate.

. These molecules make a polymer just like ordinary plastic but having the
difference that once left out in the compost or in a landfill they can be broken ihwn‘
bacteria and fungi to become part of the cycle of life again.

Use in Treatment of Waste Water

. Owing to their characteristics of degrading harmful chemicals and pollutants, bacteria
naturally hr:lp in treatment of waste water.

Role of Bacteria in Causation of Diseases and Spoilage of Food

. Parasitic bacteria attack plants and cause various diseases, e.g. fire blight in applu. ring
diseases in potatoes and crown gall etc.

. Many human diseases are caused by bacteria e.g. diphtheria, tetanus, leprosy, meningitis,
sore throat, whooping cough also called pertussis etc. 1

. Bacteria cause decay of wood, leather, fabrics etc. }

: Bacteria spoil the food materials by decomposition.

Control of Bacteria
. Bacterial control is required to prevent diseases and food spoilage.

. Modes of action of different physical and chemical agents of control v.y..
result malfunctions in the cell wall, cell membrane, cytoplasmic e
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Used in microbiological labs for control of n
Moist heat causes coagulation of proteins and kills the microk
Dry heat causes oxidation of chemical constituents of micrg
kills them A

e Cenain electromagnetic radiations below 300 nm wavelength are ppe——
Use of radiations in killing of microorga 1 ‘
. e Gamma rays are in general used for the sterilization process
Use of Membrane e Heat sensitive compounds like antibiotics, seras, vaccines, eng
Filters ~ ete. can be sterilized by means of membrane filters.
e Use to kill non-spore forming bacteria e.g., milk

heating at 71 °C for 15 seconds and at 62 °C for 32 minutes.

Pasteurization e More cffective method of pasteurization of milk is through URT;
which milk is treated at 140 °C for 3 seconds and then cogle)
suddenly in vacuum chamber
Dehydration |« Food is dehydrated so that in dry condition bacteria may not %“:
e Acid is added to lower the pH.
Addition of s By dehydration hﬁ]l contents increased so that water in food in noy
Preservatives enough for i?:u:_lcn_a] growth. ; ) ,

¢ Some chemicals like portassium metabisulphite are added to presene
pickles, candies, jam and breads. 0

Use of heat

|

Chemical Methods
Antiseptics, disinfectants and chemotherapeutic agents are used as chemical methods for

__microbial control 7
Type of Chemical Description
Method Aasn ) o

| «  Procedure to eliminate or reduce the possibility of infection is called
anfisepsis.
e Chemical substances used on living tissues that inhibit the growth of
microorganism are called antiseptics.
{ e Process that eliminates many or all pathogenic microorganisms
: | except bacterial spores, on inanimate objects.
R, ' [t involves killing of most but not all life forms.
Disinfection , S il oyt v L 1 Lo
| « Important chemicals used for disinfection are exidizing and "‘“‘ﬁ
agents e.g., halogens, phenols, H:0;, KMnOs, alcohol
| formaldehyde etc.
| « Chemotherapeutic a
|

¥ Antiseptics

—— S — J-_'-
gents and antibiotics work with patural defens

, - and stop the growth of bacteria and other microbes. ljving
E;:Iﬁ:lherapemm o They destroy or inhibit the growth of microorganisms 1 SEES |
: 1Ssues. i§
e These are sulfonamides, tetracycline and penicillin ﬂﬂ_mﬁ

Vaccinati e It is an important method of prevention and treatm
s microbial diseases in humans.

camen mene® )

mui effective method to kill all life form from

o

5, Which of the following is
" finfoctant B. Sterilization
S 1“"_- Anticsntics use D. Filtration
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LOURSE CONTENT
Male Reproductive System =
Female Reproductive System i
Menstrual Cycle ,
In Vitro Fertilization
Sexually Transmutted Diseases

— MALE REPRODU(
£ The male reproductive system includes:
copulatory organ.

- ® = % @

IVE SYSTEM
gonads, accessory ducts. accessory glands and

Gonads

. The testes are male gonads which are situated outside the abdomen within a skin pouch,
called scrofum.

. Each testis 1s divided into 2

‘ 7 50-300 lobules each lobule contains one to four tightly coiled
an@ h1gh1}' complex duct system called seminiferous tubules, in which cells of germinal
epithelium divides to produce spermatogonia.

. Seminiferous tubules are the sites for spermatogenesis.

. Testes are also acts as endocrine glands because they produce male sex hormones, most
important of which 1s testosterone.

. Seminiferous tubules also contain sertoli cells/nurse cells, which provide liquid medium,
protection and nourishment to sperms while they are in the tubules. These cells also
secrete mmhibin hormone which | CRITICAL CONCEPT! |
SEIVes to control the -
spermatogenesis at normal rate. Role of Accessory Glands in Male ;

. Interstitial cellseydig cells arc Reproductive System:
present between the seminiferous Seminal vesicles: The seminal vesicles
twbules and secrete testosterone, provide an alkaline fluid containing fructose,
essential for production of sperms ascorbic acid and a coagulating enzyme
and development of male called vesiculase, as well as other substances
secondary sexual characteristics that e¢nhance the sperm motility thus
during puberty. improve their fertilizing power.

*  Both germinal epithelial cells and Prostate gland: The prostate encircles the
sertoli cells are under the control urcthra just below bladder, it secretes milky
of FSH while interstitial cells are and slightly acidic fluid that contain citrate
under the control of ICSH. as a nutnient source and several enzymes

Accessory Ducts specially hyaluronidase.

» Once spermatozoa are produced, Bulbourethral gland (CO“W!S gla_nd}g I
they move through the secretes mucus and alkaline fluid into

pe

seminiferous tubules and enter a
tubular network called the rete
testis for further maturation.

The spermatozoa are transported

urethra. This fluid neutralizes the acidity of
urine in urcthra.

- PREP BOOK
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Fibe tetis by a sericsof ffrent ductles.
Epididymis is the proximal and L g 5
- to transport and storage of sperms. v -
= Epididymis opens into another duct celled Vas deferens (sperm dm i
duct of male reproductive tract. . A k-
. It joins with the duct of the seminal vesicles to form the short ejaculatory duct }
ejaculatory duct enters the prostate gland, then it empties into ﬂle__umﬂu‘a- e
. In male, urethra is also called as urinogenital duct because 1t transfers both urine an4
semen outside the body.
Copulatory Organ e
. Penis is copulatory organ is used to transfer sperm into female l'ﬂmei“‘;“"'e tract.
. It consists mainly of tissues that can fill with blood to cause an erection.

Accessory Glands

These are exocrine in nature and include seminal vesicles, prostate ang

[ ]
bulbourethral/Cowper’s glands. _
A pair of seminal vesicles is located at the junction of sperm duct and ejaculatory dugt,
The prostate gland encircles the urethra just below the bladder.
A pair of bulbourethral gland/Cowper’s gland is situated at the junction of ejaculatory
duct and urethra.
- Symphysis Pubis
Prostats gl _ -
Dusctiss (vas)
Recham
Bubourseval
Spermatogenesis
. It is the process of sperm formation in males. This proc , .
epithelium of seminiferous tubules. process takes place in the inmer/germinal
1 The spermatogonia divide by mitosis, forming a primary spermatocyte which undergoes
njg;mts-l, forming two smaller hapln-id daughter cells, called secondary sgpermw
. Eac_h mondary spermatocyte after meiosis-11 produces two daﬁghter . mlls, called
;,:;rm?m; Each spermatid is a round, non-motile, and haploid cell. el |
. permiogenesis is a process in which spermatids chan ge i ! 1l
. =l - : = H4nge into :
During this process, a spermatid elongates, sheds its excess ¢ mnﬂtﬁ; .::d actnrg
— - exce Wop.l 1.
KETS - PREP BOOK

.
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; Bpermlogensdls (&% spermalogeresls)

Hormonal Control of Male Reproductive Function
The process of spermatogenesis is controlled by various hormonal secretions, which are
mention in the following table:

i

Hormones

GnRH LH/ACSH Testosterone Inhibin
Released '  susl P -
| : Anternor ntenor IaTiniels Sertolicells
flfn% inpihaianns pituitary piiui'ear}r SEs
= : ' ' otel oid Protein
Nature Polypeptide Glycoproten Glycoprotein Sterol )
Role |
Control the Stimulate Stim_ulatﬁ Growth and Controllig
release of | spermatogenesis Leydig cells dﬂ?ﬂlﬂpl'ﬁf;t spermatogenesis
pituitary Stimulate sertoli |  to release of germis
gonadotropins cells testosterone | epithelium
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' —=5NA in it G1 Phase. Whag v %
as 12 ng ';r DNdi,te]y after meiosis? Moulg e )

orm cell h : me '
‘ rsor of an animal ﬂe‘m auehter cell imm |
L Brecurser O TDNA in its cach daughter cell

A. 24 ng D.3ng
C.6ng - ,

FIVE SYSTEM

\LE REPRODUC —————

ive role of the female is far more cﬂmplcfﬂtir:na dévc;lu i';';nut Only hﬂs'-‘u
Thcc']l'cpl'!;:::;lt; but her body must be prepared to nut cveloping embyy, fod
produce tes,

period of approximately nine months. K ‘_xx\

1. Gonads . ¢ and release hormones,
’ e Ovaries are female gonads which produce ova and feie

The paired ovaries flank thlcl-memﬂ ?: S e s pLice Within the
- rity by several ligaments. . *
‘!;Lﬁl;:z:;;]e‘sm;rgysﬁdfcmroid structures. it The ovaryiae e "T]y :ac"llke Structures
called evarian follicles each of which consists of an lmmatufﬁ CEE, called an ”Wﬂ’fe: ‘
In adult women, one of the ripening follicles ejects its oocyte from the ovary in each
}_4 month. This event is called ovulation. ~ : —
2. Oviducts
* The oviducts form the initial part of the female duct system. They receive the ovulated
oocyte and are the site where fertilization generally occurs,
* It transfers developing ovum from ovary towards the uterus.
3. Uterus
| * The uterus or womb is a hollow, muscular organ, shaped somewhat like an inverted pear,
‘:‘ The uterus has three portions: the fundus. the bady and the cervix.
* The oviducts join the uterys just below the fundus and the opening of the cervix leads o
the vaginal canal,
* Cervix is a narrow entrance to the uterus from the vagina. It is normally blocked by a plug
of mucus. ’
. ?‘he wall of the uterus is composed of three layers:
 Perimetrium Tl?ipc—rw'“'—“'if‘—[“‘_i.sﬂ'“ﬂl“jﬂ'ﬂﬁﬂ' mill_ti_éié@g}x}'cr of the uterus.
Nl ;';:;;(i:ﬁ%n:::ltmzil IIPI:: :j]l.ll'(lf']ﬁ .t;l1iq:~.kl‘r_mn_:cular lEI}'i.::I' c{mmpqs"._?dl of bundl:s l]‘::
' , baby from the r;mﬂthcr.'s' b?:i r-dmh hythmically during childbirth to expel
—— . —— ~ WRLET'S | Y.
The endometrium 5 the inner

FEM

—,

B

spongy lining of the uterine cavity If

% r 11 i ¥ » 1 . .
! Endometrium rg'{:iﬂtt;nn u;curs, the }'m:n;'ig embryo is implanted into the endometrium _
to-r‘eceiv:rrita?rrnngi;cm 01: 115 developmen, The main functions of uterus &%
_ —" 2L, ANd nourish a fapel: .
4. Vagina —“ﬁ————ﬂiﬁ-'ﬂ!ﬂzjtlp_wm. N

* The vagina (opening is called vilyay X
to the body exterjor. a) is a thip-

»  Vagina i | | _ .
[* raginais often called the pipgy canal as it provides o passageway for delivery of an infé

and for menstrual flow. The yew -
The urethry 18 embedded jp jts anterior wall, —

Walled long tube and extends from the ceVi®
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CRITICAL CONCEPT!
Asymmetric Segregation During Oogenesis:
Asymmetric segregation of cellular determinants is based on the asymmetric localization
of cytoplasmic molecules, e.g., proteins and RNAs, within a cell before it divides. During
cell division, one daughter cell receives most or all of the localized molecules, while the
other daughter cell receives less or none of these molecules. This result in two different

daughter cells, which then take on different cell fates based on differences in gene
expression.

Dogenesis
L]

Gametogenesis in the female is known as oogenesis and result in the formation of ova/egg.

. Qogenesis starts before birth when oogonia divide mitotically to produce primary oocytes.

. These primary oocytes are enclosed in groups of follicle cells.

. Primary oocytes undergo meiosis-1 but are arrested at prophase-I.

. At puberty, primary oocyte completes meiosis-I and gives rise to haploid secondary
oocyte along with 1* pelar body.

. Secondary oocyte undergoes meiosis-I1 but arrested in metaphase-II. 1t is released in
this stage from ovary and does not proceed further until fertilization.

. If fertilization occurs, then secondary oocyte divides to form ovum and 2™ polar body.

L]

In human female only one ovum is usually discharged from the ovary at one time, this
phenomenon is called ovulation.

| CRITICAL THINKING'R)

Conversion of primary oocyte into secondary oocyte results in:
A. Reduction in amount of DNA only

B. Reduction in DNA and chromosomes
C. Reduction in chromosomes only

D. Reduction in chromatids only
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Features

Location

O'MI'\'ien."SI[lme of Gametg UEnesi

Th&nm:lelnnhi
and the ovum unite, form
a diploid (2n) zyge "

s in Humans
Spermatogenesis

Meiutic Division Results ip

Occur in lestes

e

' Four

ﬁ_'_,'.“;ﬁ—m_,“ﬁ—
Equal division of Cyloplasm

Unequal division of cytoplass

One and two to three pols
bodies E

Relativel.y smaller

Relatively larger

l-l'ltm.l &0 process -

Continuuus

'Lifelﬁn'g (But reduces with
 age)

M

Monthly (From f

S

ﬁ-'--%

Scanned with CamScanner



MENSTRUAL CYCLI

o female, production of egg is a cyclic activity as compared to male.

. ctrous cycle is reproductive cycle in all mammalian female except hu i i
| fomale, itis called menstrual cycle. umans. In human
wenstrual eycle involves changes in the structure and function of the whole reproductive

?;’sﬁlaliun and menstruation occur at g 4

| paberty. Start of menstrual cycle is called Pregnancy Test:
menarche. Its complete stop or end is A pregnancy test can tell whether a
called menopause.  This  cycle is female is pregnant or not. It is done
completed in approximately 28 days by checking for a particular hormone
(average of 21-35 days). in the urine or blood. This hormone is
called human chorionic gonadotropin

The events of the menstrual cycle involve 1 _
the ovaries (ovarian cyele) and the uterus (hCG). hCG is synthesized by the
trophoblasts, cells that formed outer

(uterine eyele). Events of menstrual cycle
are regulated by pituitary gonadotropins. layer of blastocyst.
Based wpon changes and hormonal

regulation, the cycle can be divided into three phases i.c., menstrual phase, proliferative
phase and secretory phase.

Menstrual Phase (Days 1-5)

+ In this phase, the uterus sheds all but the deepest part of its endometrium.

+ The thick, hormone-dependent functional layer of the endometrium detaches from the
uterine wall, a process that is accompanied by bleeding for 3-5 days.

s The detached tissue and blood pass out through the vagina as the menstrual flow.

» At the beginning of this stage, ovarian hormones are at their lowest normal levels and

___gonadotropins are beginning to rise. Then FSH level begins to rise.

Proliferative/Pre-Ovulatory Phase (Days 6-14) j

* Follicle stimulating hormone (FSH) during the first days of the cycle stimulates
few ovarian follicles.

s Only one follicle develops. Rest stop to grow and finally disintegrate (follicle atresia),
while one dominant follicle in the ovary continue to mature and becomes mature follicle
(Graffian or vesicular follicle), in which eogenesis occurs. _

* FSH also stimulates the graffian follicle to secrete estrogen which in turn govems the
vascularization of endometrial lining of uterine wall. _ .

* Estrogen has negative feedback upon FSH, therefore, as the concentration of estrogen rises
the level of FSH falls. This is a signal for anterior pituitary to release LH.

* At the end of the proliferative stage (day 14) LH causes evalation which takes less than
five minutes. , ] u el

[ s e ol o

* During the secretory ]_:I;:I:ase, the endometrium prepares for |mplantg;lnn -ﬂfaln tml;-ry-:::- h

Rising levels of progesterone from the corpus luteum act on the endometriuil, SIS

: ' 2 T . n secretory layer.
drneries to extend and converting the functional Ia}’ETIiP i Elﬂnd"l? s = i -

* The ulerine glands enlarge, coil and begin secreting nutritious glycogen into the teane 8y

. T Y : : - degenerate towards the end

If fertilization has mot occurred, the corpus luteum begins to deg

Of the secre H blood levels decline. A5 2
Pfogﬁlcmnt:?m?ehlzsraas: E-iriving the endometrium ﬂf_’hﬁlrglaﬂﬂﬂ] support and endometrial
"-.-_im:il_fm the stage for menstruation 1o begin on 28 day. —

-~ PREP BOOK
(-
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CRITICAL THINKING"R) |

1. In females, considering menstrual cycle, rapidly rising estrogen levels signify that: |
A. Ovulation cannot occur B. Qvulation has occurred 1
C. Ovulation is just to occur D. Ovulation is occurring
. All of the following hormones are produced by the placenta except:
A. Human chorionic gonadotrphin B. Human placental lactogen

C. Progesterone D. Luterotrophic hormone
Which of the following cannot be the function of Estrogen?

B. Anti-aging effects

A. Strengthen bones :
C. Protection of heart from cholesterol  D. Feeling of Fear creation
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515131800l ials|irLiolan (2312827 ]
4 &

Estrogen is  much diversified
hormone in human species. It is
also having a lot of functions other
| than the secondary sexual character

development process.

system,
lactation, and aspects of human

CRITICAL CONCEPT! |

e

Oxytocin is a hormone that acts on

in the body (including the

| , 'II breast and uterus) and as a chemical
| 4 | . messenger in the brain, controlling
| P ! . key aspects of the reproductive

including childbirth and

1012 14716 18 20 22 24 26 28 . behaviour.

Day of Menstrual Cycle
‘ R

Feature Oestrous Cycle
ecurrence All mammals except human

Menstrual Cycle

| Human female

Reease of Estfuéen | Atlow level

At higher level

Wlertilizati ! : . -
S Goes Mot Resorption of endometrium

Destruction and discharge of
endometrium

_-Er__ k | (Menstrual flow) _
(valation Requires physical stimulus of Under hormonal control

- mating

R CRITICAL THINKING 2 —
| & Inhibin hormone in males released by sertoli cell while in females released by:
A. Cumulus cells B. Zona Pellucida

i, C. Corona Radiata D. Granulosa cells .

| " Which of the following cannot be the function of Estrogen:

A Swengthen bones B. Anti-aging effects

C Protection of heart from cholesterol

- e

IN VITRO FERTILIZA
:I "eans fertilization outside of the female body,
o o eProductive technology.

" 0fien used when a woman's fallopian ™
Permy '

w involves fertilizing one ©Of mnm the

Ing the fesvilisad

D. Feeling of Fear creation

oM
and Ismmewmﬁf

Scanned with CamScanner




In this procedure, the ovary is stimulated with a drug, (having fertilit

several eggs. s he fluid contents of mature
Eggs can be collected from the follicle by _suckmﬂg ﬂ?““fugtﬂe abdominal walllinder
follicles with a fine hollow needle which is insertec

general anesthetic.

Collection of Sperms d
Sperms are collected from the male partner an
seminal fluid.

Fertilization ( six hours after egg collection
Y ——T YT _ h egg about s1x hou _ tion,
\bout 100,000 healdhy sperms are added to eacl : s

fl‘t?g;uis done in a gla:-:-‘s dish or tube. The fertilized cggs arc grown for about two days,
after which they are usually at 2 to 8 cell stage.

A“t:lcra:*lx:];inatiun under the microscope, the embryo 15 transferred through the cervix
into the uterus using a fine plastic tube. _ o -

1;::3 is E;:]:psequ{:n:]j'; treated with progesterone to promote favorable uterine environment
for implantation of the embryos.

washed in a culture fluid to remove

_SEXUALLY TRANSMITTED DISEASES

. F;-au re Gonorrhea 7 Syphilis " Genital Herpes
Causative Gram positive el _ .
| Agent bacteria , Spirochagte Virus Virus
Name of Neisseria i
- _ s Treponema pallidum Herpes simplex
pathogen onorrhoeae - | — type 11 » HIV
Mucous r::ir"mdge tt._':’ Infection of
: membrane of rocuctive organs, | genitalia, genital -
iﬁ;‘:ﬁ;“s urinogenital tract, E};S‘— bones, joints, soreness & Dean
eye infection to I- fS,___hean, skin. . | ulcers, damage
baby. 3‘n E;nnn proceeds in to eyes & CNS
pE—— Slages in infants.
B semidsion Sexual contact 7 Sexual contact Sexual contact
Treatment | Antibiotics Antibiotics Anti-viral drugs

b

' KETS - PREP BOOK
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COURSE CONTEN T
Cﬂ]ﬁlage and Bones
pivisions of Human Skeleton

Types of Joints
ﬁﬁtiﬁ and Gout

Types of muscles
structure and Ultra-Structure of Skeletal Muscles
Mechanism of Muscle Contraction

_CARTILAGE AND BONF
Human skeletal system consists of cartila
that supports soft tissues.

o Itallows free movement through the action of muscles across joints. The study of bones
and cartilage is called osteology. The features of both cartilage and joints are mentioned in
the following table: _ : :

Features Cartilage

ge and bones. The skeleton acts as a framework

Bone

Definition Relatively less rigid connective | Most rigid connective tissue
| tissue than bones.
Collagen | Loosely packed, and type | Densely packed, and type 11
Types Three types Two Types
e Hyaline +« Compact
» Elastic s Spongy
| = Fibrocartilage , , ,
Cells types Only one type | Three type of cells
e Chondrocytes | » Osteoblasts
o Osteoclasts
e (Osteocytes
maq hbsicnt Present
Vess _—
~cs/supply B Deposit minerals such as calcium,
Minerals No deposition of minerals carbonates, phosphates etc.
Extoraal — e
Aley . : : eum
tmr:::::l Covered by pn:richundnurn Covered by peri
T —_ e f
P Some p];u:es like juinES, ﬂtﬁmﬂ] Almost all P‘m ufmﬂﬂﬂkﬁlm
resenc :
-.______E ears, trachea elc.

A
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Major Fu

j H“mﬁﬂmlyudgwnmbjdffﬁﬂ : E:Ewmml
. I'm nz:h of cartilage arc called chondrocytes - T WIWS pmdumou
" ;::I:M maltrix 15 sec ed b}' chondrocylcs. ™ MII]E['HIS hﬂl‘l}m
. hy -
Tvpes of Cartilage

(i) Hyaline Cartilage __ |
P Most abundant type In hunun body.
. Found at the movable joints, nose,

Osteocalcin is an important proge:

and trachea. hormone l_'e!e:fsel by osteocytes (c“ﬂﬂmiv, |
(ii) EII::.'E: Cartilage Tissues) that 1s important for strong bones,
S tatiix conaining bundles of It also acts as a hormone to adjust insuliy
i oy and glucose levels, increase tgstﬂglem‘
collagen fibres. % e and improve muscle strength and cognitiye
. Forms external ear/pinnae an gy
epiglottis.

(iii)  Fibrocartilage ;
. Annulus fibrosus of vertebral disc and epiglottis are examples.

bones:
A. Cartilage and bones are types of connective tissues
B. Blood vessels penetrate cartilages but not bones

C. Bones have osteocytes and cartilages have chondrocytes
D. Bones and cartilages have collagen in them

There are about 350 bones in an infant and
206 in adult human The human
skeleton is primarily divided into two
divisions i.e, axigf skeleton (80 bones) |
and  appendicular skeleton (126
bones), -

. Appendicu!ar skeleton s associated
with  extremities and consists of
pectoral girdle with forelimbs apng |
pelvic girdle with hind limbs,

\xial Skeleton

Axial  skeleton provides

framework of body and includes those

skeletal parts which are I

_ present alg
the central axis of the body, like 1;]|:ulillg
vertebral column, ripy cage and stemnyy,

" Epiphyseal Closure;
The epiphyseal plate or growth plate is a
cartilaginous or strong elastic section at
the tip of the long bones of the body.
Located in the metaphysis, the broader
portion on each end of the bone, these
sections allow the bones to lengthen as
the body develops. Without this plate the
body would be unable to grow taller.
Epiphyseal closure or the stoppage of
|  bone growth occurs between the ages of
\\ ¢iehteen and twenty-five.

basic

TS - PREP BoOK ]

Scanned with CamScanner



n Primary function of skull is protection of brain, whi

to spinal cord. It has four curvatures.

T ll.LIi

Head
(29 bones)

Skull
(22 bones)

Cranium/
brain box
(8 bones)

Support and Movement

le vertebral column provides protection

: Haones
Axial Skeleton

® Paired (2): Parietal & Temporal bones

* Unpaired (4):  Frontal, Occipital,
Sphenoid, Ethmoid.

Face

(14 bones)

* Faired (6): Maxilla, Zygomatic, Nasal,
Lacrimal, Palatine, Inferior Concha.
Unpaired (2): Mandible, Vomer

Ear ossicles
(6 bones)

3 pairs, cach associated with an car
Malleus, incus, stapes (smallest bone)

Hyod Bone
(1)

| * Does not articulate with any other bone.

Small single bone which lies at the base of
skull, below the tongue.

Vertebral
Column
(33 vertebrae,
or 26 bones)

Cervical

* 7 vertebrae found in the neck region
e Arlas is the 1" cervical vertebrae while
axis is the 2™ cervical vertebrae.

Thoracic

* |2 vertebrae found in the chest region.
¢ These are ribs carrying vertebrae, having
large spinous processes.

Lumbar

o 5 vertebrae and found in the abdominal
region,

Pelvic

= 9 vertebrae, anterior 5 join to form sacrum.

¢ Sacrum articulates with the iliac bones of
the hip bone to form the back of the
pelvis.

¢ Posterior 4 join to form coceyx
(tail bone).

¢ 12 pairs articulate posteriorly with
thoracic vertebrae.

e 10 pairs of nbs connected antenorly with
sternum either directly or through costal
cartilage.

o 7 pairs (1* to 7" pair) connect anteriorly

hi:l::%gl with sternum directly ( True ribs). &
of ribs) : ———— | & 3 pairs (3%, 9'5 and _lﬂ"‘} connect with
sternum through costal cartilages
( False ribs).
o 2 pairs (11" and 12™) are of floating ribs
since they don’t attach to the stemum.
o The rib cage provides support for a semi-
S vacuum chamber called chest cavity.
St # It is a flat bone that sits at the front of
hg?.tﬁ“hﬂf;; Ihl::_ch-cﬁtland 15 connected to the nibs
— with cartilage. o
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PMC Topic-12
: : 1 , ich are present in
_ jcular Skeleton — e skeletal parts ""1_[“: ; apm 4
ABpERS dicular skeleton _,{..;h[de_s i limbs and hind-limbs. > Theg,
» Appen 1 girdle. slvic uﬂ]c_fﬂml . :
are pectoral g1 irllll'n:ii’rul;lr' "ik‘-“'“'"
blade
e To scapula (Shoulder | _
; ; eauty bone) connects scg iy
ectorsl Gircl (4) | » Toelavicle (Collar bone/ Besby Pula with
' sternum. — _
) Humeras (Upper arm). it is  long bone, the end of whigh oo
spherical head, which fits into the glenod cavity.
1 1pﬁadr'l-'5 and] uina (Forearm). Radius 12. a long, outer bone (oo
thumb side) while ulna is long and slightly bigger bone anq ]mme;
Upper limb/Fore on the inner side of the forearm. :
limb (30x2) e 8 carpals (Wrist bones), consist of two rows of eight short bones,
e 5 metacarpals, making up palm of the hand.
14 phalanges (Fingers/ Digits), each finger possesses three
phalanges except thumb which comprises of two phalanges.
» Pelvic girdle attaches the hind limb to the vertebral colump and
consists of 2 coxal/hip bones.
Pelvic Girdle (2) * Each coxal bone is formed by the fusion of three bones 1.2, ilium
ischium and pubis. T
* The two halves of the pelvic girdle are joined at the pubic
symphysis. A cavity called acetabulum is also present,
* 1 Femur (Upper leg) or the thighbone is a longest and strongest |
!Imm: in the human body with a head, which fits into the acetabulum
* 1 Patella (Knee cap) is embedded in a long te hi oo .
the kxee joint ong tendon which runs over
e | Tibia and,] = fibula (Lower leg)
limb (30x2) - : : ;ﬂmﬂh (Heel) whlch_amre tightly attached to form the ankle)
: Meta-tarsals (Sole) which articulates with the tarsals an d
phalanges to form the sole of the foot ;
* 14 Phal Digits/ Toee B
) anges (Digits/ Toes) are small bones which make up the
* Each toe of the foot poss
; OE50550 -' : e 1L
comprises of two p hﬂp]_an n::j:‘q three phalanges except big toe, which

Jgints Formed by the Bon

€5 of Human Skeleton

Type

Ball & S T Formation
Einc J::-imk <t loint %M@Eﬂls_& L glenoid cavity of scapula
 Multistape Joint Dgtwﬂfﬂfﬂnd pﬁximuf ends of radius & ulnd_
 Ball & Socket Joing ﬁﬁ@ws_&ﬂ“ﬂ and carpals =
Hinge Joint _Dfm—dﬂf—rw_ﬂc_ﬂtﬁumm of hip bone P—
_Maigirﬁg%?%%wmﬂmal ends of tibia & fibuld
Pivot Jo; [ —20ihbia & fibula & tarsals 1

nt Proximal engs of radius and ulna.

e
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= FYPES OF JOINTS
A jpint or articulation is a place wher ' ' cartilage
.t:g:ﬂlgr: The scientific study c-l:‘ the shu_:rlllfr:::d Enzi:: l;-nnu P arthrology s
Joints have two fundamental functions which are: e
They give mobility to the skeleton.

Hold the skeletal parts together.
fication of Joints

The joints mainly are classified as on the
classification of joints is based on the materi
not a joint cavity is present while functional ¢
allowed by them.
structurally, there are three types of joints: fibr im le), cartilaginous (sli

' Swucuraly, sy_nm_-la”mm:{?me@ ;:1 Wamc]_ ous (immovable), cartilaginous (slightly

[ ]

Classi
: bas:is of structure and function. Structural
al h:lnding the bones together and whether or
lassified is based on the amount of movement

m—— RTCAL THINKING 2
. Bones forming sutures are connected with each other by tissues having:
A. Titin B. Actin

C. Myosin D. Collagen

Features Fibrous joints | Cartilaginous joints Svnovial joints

Ends of bones are
covered with hyaline
cartilage and  held
, 52 s _ s together by a
| f"'l.d_‘lﬂﬂﬂt'l'[rbf}l'll'."b are daecily Adjacent bones are su%ruunding, tube-like
| Structure comnected 10 tﬂc,h nthgr by united by fibrocartilage | capsule of dense fibrous
ﬁbrﬁ_u. 2, e S| hyaline cartilage tissue. The joint capsule
| consisting of collagen is composed of an outer
| layer of ligaments and
inner lining of synovial
membrane.
P : ' Yes, specifically called
Joint Absent Absent .sjwavia.f cavity and 15
ERYity | ; filled with symevial fluid
T —
Mobility rabl Slightly moveable Freely moveable
—20lity | Immovable e o
Bones of skull, ribs with the SEMUM, | 100 joint, Pivot joint,
Location | Root of tooth and socket | pubic sympiysis o Ball and socket joint
of jawbones Between wrist and ankle
e  bones Free movement of
Functions | Support and protection 10 | Gliding of bones skeleton
~__ | delicatestructures ___1 ——
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Based on the structure and movements allow

d}iﬂ'mlcaﬁts. I ni I%.IH \":. ‘*'"LI;J_I | M
- lipyarg vl ; s e
' L on of one | Spherical or hemispherical hegg
ylindrical projection 9 I T
Cylindnca® § irough-shaped | of one bone articulates with i
Structure bone fits 10 a‘hﬂ ' | cuplike socket of another
surfac::' = al:‘:s arc arranged | Such joints have at | Sttwp
ir of musCcics it . ,
Arrangement of | F::he same plane as that of pairs of _‘““5“3]“& present
i = - | perpendicular to each other,
%ﬁiﬂﬁﬁ:ﬁcﬂions h‘_!.ulli]':l]e plancs.fscveraT“""‘"
Direction of Movement u::’lﬁiﬂ.n and extension only) | directions —
Examples ' Elbow and knee J-;inl.s H Shoulder and hip joints i
| Function | Free movement (Lift heavy | Free movement
S loads , 2
\RTHRITIS AND GOU'I _ .
. It is the inflammation of joints characterized by the degeneration and damage to the joint
tissue. . :
. The typical symptoms of arthritis include pain after walking which may later occur even o

rest, creaking sounds in joints, difficulty in getting up from a chair and pain on walking up
or down stairs.

. Osteoarthritis is a progressive discase in which the articular cartilages gradually soften and
disintegrate. It affects knee, hip and intervertebral joints.

Rheumatoid arthritis is the result of an auto-immune disorder in which synovial membrane
becomes inflamed due to faulty immune system.

Gouty arthritis results form a metabolic disorder in which an abnormal amount of wric
acid is retained in the blood and sodium urate crystals are deposited in the joints.
I'YPES OF MUSCLES

. Muscles are the specialized tissues of mesodermal origin that can undergo conﬁéczﬁ;ﬂ and
relaxation and provide movements to body parts or the whole body. The study of the
muscles is called myology.

N The most dislingui.shing functional characteristic of muscles is their ability to fransform
ATP into mechanical energy. In doing so, they become capable of exerting force.

. Ea{heﬂ fﬁnr:s of musc_le:; to be evolved are smooth muscles which are present throughout
amm._al kingdom. Cardiac muscles and skeletal muscles are found only in vertebrates.

. Cardiac muscles have intercalated disc.

- They also function to hold body parts in stur iti wids

, | postural positi - f body fluids and
heat production. R PIRTonS, meramcuY £
Features 7 Smooth Cardiac Skeletal
Muscle - - ' I
appearance Unstriped Non-striated lm‘gular stripes Regular
-C = ' = (striated) stripes/Striated
W.v.- shape | Spindle Branched Spindle or cylindrical
Number of nuclei | One per cell One per cell Ma r cell |
Speed of Slow — vy per e
contraction e Intermediate Slow to rapid
KETS - PREP BOOK 1

.
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= Not possible Not possi o
| ¢ possible | Possible
. ;-Ey"'m‘_ 3 Spontaneous, stretch, ‘ '
Contractit nervous system, Spontancous Nerre .
caused by hormones =
Voluntary control | Usually no control Usually no control | Have control
= | Blood vessels, GIT, . 3
Location other hollow organs Heart only Associated with bones
== Controls movement of
Function substances through | Pumps blood Moves the skcletpn
hollow organs | and heat production

CRITICAL THINKING

; - —_
' 3. A property of cardiac myocytes is:
A. Voluntary control B. Fatigue resistance
C. Spindle shaped cell D. Unstripped
4. Which of the following type of tissue can be called as glandular tissues?
A. Muscle tissue B. Connective tissue
C. Nervous tissue D. Epithelial

MUSCLI

. The muscles that are atrached to the skeleton and are associated with the movement of
bones are called skeletal muscles.

3 The skeletal muscles are consciously controlled and therefore, are called voluntary
muscles.

Generally, each end of the entire muscle is attached to bone by a bundle of collagen, non-
clastic fibers known as tendons.

Lizament
| Elastic connective tissue
| Holds bones at joints

lNendon
Inelastic connective tissue
Attaches muscle to bone

. Extemally, muscle is covered in a connective tissue wrapping called epimysium. Each
muscle is divided into discrete bundles of muscle cells called fascicles. The fascicle is
surmounded by perimysium. Each muscle fibre within the fascicle is covered by a layer of

N connective tissue called endomysium.

- Structural scheme of a skeletal muscle is given below: .
Skeletal m.uscle: — Muscle bundles — Muscle fibers — Myofibrils — Sarcomere
(smallest contractile unit of muscle fiber) — Myofilament (Actin and Myosin).

—_— ; . B
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Muscle Bundle

Muscles bundles are also ca
These are b
. Muscle bund]

lled as muscle Jasciculi,
unded by a Connective tissue called
€s are furth

perimysium.
eT composed of muscle

fibers or cells.

fiber i5 d long, Mindriga] and huge cell With the diameter of about 10-100 pm
Ad Contain multiple gygy Muclei which gre arranged just beneath its sarcolemma ngated
. The sarcolemmg of muscle fibreg Penetrates deep intg the cell to form a hollow elo
tube, rhe fransverge tithule/T. ~tubule, it contains
. Sarcoplasm of the muscle fiper is similar tg the Cytoplasm of other cells, but “-ﬂ?n g
usually Jarge AMOUNt of sppeq glycogen ang unique oxygen binding protei
Myoglobin
KETS - PREP BOOK
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PHC Topic-12 | ~ Support and Movement

, | Sarcoplasmic reticulum s continuous system of sarco-tubules extending throu i
*  arcoplasm around each myofibril. It is like endoplasmic reticulum but devoid of ribosomes.
These act as store-house of Ca*,

Each muscle fiber further contains large number of myofibrils.

CRITICAL THINKING 2

" 5, Astructure around cell that has channels and gates for movement of solute
molecules:

A. Epimysium B. Sarcolemma

C. Sarcoplasmic reticulum D. Endomysium

vvofibrils

X When viewed in high magnification, each muscle fibre is seen to contain a large number

of myofibnls, I-2 pm in diameter that run in parallel fashion and extend entire length of

cell. Bundles of these fibrils are enclosed by the sarcolemma.

Banding Pattern

. Myofibril has series of dark and light bands.

. Each dark band is called A-band because it is anisotropic i.e., it can pelarize visible light.
The light band 1s called I-band because it cannot polarize visible light. It gives cell as
whole its sfriped appearance.

. Each A-band has a lighter stripe in its mid-section called H-zone. The H-zone is bisected
by a dark line called M-line. The I-band has mid line called Z-line.

. A sarcomere 15 the region of a myofibril between two successive Z-lines and 15 the smallest
contractile functional unit of muscle fibres.

Myofibril
H zone

Aclin filament
Myosin filament:
Iband Aband |band line
: Sarcomere 3
\ v
Z lins Actin filament M line /Mycsm filament Z line
e H zone
. aNd A band
KETS - PREP BOOK
-
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A D. Myosin

Myofilament is made up of thick and thin
mlmmg?mﬁ-gndwmemmmﬁ |

A-band. .
L ( 16nm in diameter and is rﬂMPm‘: of ;'J . ; "iﬂ ‘
H N . i ] ~ . - i — ¥ ] ﬁ - ! 1] o
Thick ﬁjar:r;n;l I:I::I‘; has a fail terminating in m:abu ar Yosin tail congg
rmm}g:g pulyﬁepﬁde chains coiled round Eﬂﬂ _ 'E;- ie-s bundled together withare
i tains about 300 myosin molecules bunciec together with thejr iy,
Each thick filament con , d their heads facing outward and i Opposite

forming the central part of the thick filament an
:‘Ihr;“:::j:f::mneﬁmes called cross bridges because they link the thick apg thin

h ing contraction.
myofilaments together during ¢« clron .
Each myosin filament is surrounded by six actin filaments on each end.

Thin Filaments | 7 - |
Thin filaments are 7-8 nm thick and arc composed of three proteins eg, actin,

frapomyosin and froponin. . _ '
The actin molecules are arranged in two chains which twist around each other like a twisted

double strand of pearls. : :
The kidney-shaped polypeptide subunits of actin, called globular actin or G-actin, bear the
active sites to which the myosin heads attach during contraction. G-actin monomers are
polymerized into long actin filaments.

Twisting around the actin chains are two strands of another protein, tropomyosin. When
the muscle is at rest, the tropomyosin is disposed in such a way that it covers the sites on
the actin chain where head of CRITTCAL CONe
myosin becomes attached. —

The other major protein in thin
filament is troponin. It is
actually  rthree Polypeptide
complexes and found at regular
Intervals  on  the  thin
myofilaments. One of these
polypeptides (Twl) is ap
inhibitory subunit that binds
actin; another (FnT) binds to
ropomyosin =~ and helps

CONCEPT!

Biomarker of Heart Attack:

Myocardial infarction (MI) is defined by the presence
of myocardial necrosis in combination with clinical
evidence of myocardial ischemia. Cardiac troponins
are regulatory proteins within the myocardium that are
released into the circulation when damage to the
myocyte has occurred. Therefore, serum troponin is an
exquisitely sensitive marker of myocardial injury and
¢ necessary for establishing the diagnosis of MI.

position it on actin. The third (TnC) binds with calcium
Both troponin and tropomyosin help control JE— e in
e oein <lp ol the myosin-actin interactions involved

muscles but abseng in tmmlh muscles:
B. Tropomyosin
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M'fs::sin Filamenl

1-Tubules, T-System & Triad
- The sarcolemma of muscle fiber cell penetrates deep into the cell to form hollow elongated

L ]
whe. the transverse tubule or T-tubule, the lumen of which is continuous with the
extracellular flmd.

. Thousands of T-tubules of each muscle cell are collectively called as T-system. It extends

and encircles the myofibril at the level of Z-line or A-1 junction.
. The T-tubule and the terminal portion of the adjacent envelope of sarcoplasmic reticulum
form triads at regular interval along the length of the fibril.

_ Surface membrane
Triad of muscle fibre

T tubule

Myafilameants

: Sagments of
[ ™ cacroplasmic
R reticulum

ﬁ- _ﬁ\

- e “band

, VIECHANISM OF MUSCLE CONTRACTION
Sliding Filament Model | i
. In 1954, H. Huxley and A. F. Huxley and their colleagues suggested a hypothesis to explain

all events in muscle contraction.

y According 1o this model, the thin filaments shde past the thick ones so that actin and myosin

filaments overlap 10 greater degree.

When muscle fibre contracts, the thin and thick filaments undergo shifting, thus ]
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L. Llineismgeﬂm
2. I-handshnnmgsh
3. The H-zone disappear

. In mismurmmﬁmﬁmbﬁwﬂfmmmmm‘
binding sites in the actin filament. The cross bridges then contract to pull the actin filamen
towards the center of the sarcomere.

Control of Cross Bridges

. Muscle contraction is initiated by nerve impulse armiving at the meuromuscular Junction
All the fibers innervated by a single motor neuron are a motor wmif and COntract
simultaneously.

. Nerve impulse from sarcolemma penetrates into the muscle fiber through T-tubule, Theg
it is carried through the T-tubule to the adjacent SR.

. The calcium gates of sarcoplasmic reticulum open releasing calcium in cytosol,

. When muscle is at rest, the tropomyosin is disposed in such a way that it covers the Sites
on the actin chain where the heads of myosin become attach.

. When Ca** binds with the troponin molecules, they cause them to move slightly. This has
the effect of displacing the tropomyosin and exposing the binding sites for the myosin head

K ; -:E:.:i_B T il

Once the myosin head has become attached to the actin filament, ATP is hydrolyzed and
the bridges goes to its cycle and result in muscle contraction.
T
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! H Zone
: d———— A band ——>:

’ Rigor Mortis 15 stiffening of the body after death.
Since ATP is required to break the bond between
actin and myosin, which get deficient after death,
thus the bridges can’t be broken, and the body

ERITICAL CONCEPT!

Medico-legal Importance of
Rigor Mortis:

ets stff. : £ A :
All or Pgnne e Rigor mortis 1s useful in
e =S ; determining the time of death.
L The contraction of each mus®le fibre is based on &

Onset  of stiffness  starts
between 10 minutes and 3
hours after death, depending
upon the condition of the body
and environmental

‘all or none’ principle i.e. all of its fibrils
participate in contraction.

T However, the degree of contraction depends upon
the number of fibers that participate in

contraction. temperature and time of death
Energy for Muscle Contraction I_}mp;ra m’m _:me u.“v o
. Energy for muscle contraction comes from ATP. -t L

environmental temperature 1s
high at the time of death, the
stiffness sets in quickly.

Supply of ATP is mantained by the acrobic |
breakdown of glucose in muscle cell, which |
comes from stored glycogen in the cell.

When more energy is required due to high

metabolism, it is provided by another energy

storing substance called creatine phosphate.

i Sometimes during oxygen deficiency or very high metabolic activity, such as prolonged or
strenuous muscular activity, ATP requirement is met by anaerobic breakdown of glucose
into lactic acid. Lactic acid accumulation causes musele fatigne. At rest, 1/5 of lactic acid
is broken aerobically and its energy is used to change the remaining 4/5 lactic acid into
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o e }

7 P - mm' three days after death, the possible reason js?

| O Rﬁlf!m“ndw ‘?z't?g“"‘““?'fﬂ.’ ‘ y153 Decreased temperature by
. Lactic acid fermentation

é Release of phospho-creatin D. De::ompnsumn 5

How mmiy ATP/s is/are required for one cycle of muscle relaxation and

contraction?

A2 B.1
C.3 D. 4

(UNDER NORMAL CONDITIONS ) (unDER sTESS FULL CONnmom)
Glycogen J—C‘malinc phosphate

Aerobic Anaerobic _
UCOSE ————— A Glucose
T Breakdown Breakdown u[

|

Detachment of Lactic acid
cross Bridges
Effect of Exercise on Muscles

. The amount of work a muscle does is reflected in chan ges in the muscle itself. For example;
Increase in size of the muscle

Increase in its strength

More efficient and fatigue resistant

- Capillaries surrounding muscle fibers and mitochondria in it increases

N

Synthesize more myoglobin

. Complete immobilization of muscle leads to muscle weakness and severe atrophy.

—_— r_L CRITICAL THINKING"R

8. ATP produced within cell is not used for:
A. Movement of calcium ions back to SR
B. Muscle contraction
C. Muscle relaxation
D. Movement of calcium ions

into sarcoplasm
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Basic Terms

Mendelian Inheritance

Law of Segregation/Inhentance of Single Trait

Law of Independent Assortment/Inheritance of Two Traits

pominance Relations

Multiple Alleles and ABO Blood Group System

Rh Blood Group System and Erythroblastosis Foetalis

Gene Linkage and Crossing Over

Sex Linkage in Drosophila

Sex Linkage in Humans (Hemophilia & Color Blindness)
BASIC TERNMS

nts to their offsprings are collectively called as

The similar characters that pass from pare

heredity. The resemblance, however, is not complete and offsprings differ from each
other and their parents in many respects. These differences are known as variations.
. The science which deals with the mechanism of heredity and variations is called genetics.
Both similarities and differences are the parts of inheritance which play significant role in
the formation of new species.
Gene i
. It is the basic unit of biological information. In fact, the DNA stores all sort of biological i
i formation coded in the sequence of its bases in a linear order, and genes are actually ;
parts of DNA comprising its base sequences.
. Gene can also be defined as ‘the sequence of nucleotides that specifies sequence of amino
acids in a polypeptide chain/protein molecule’. !
. Hereditary characteristics pass from parents 10 offspring through genes in their gametes. '
E When genes pass in the form of intact parental combination between generalions,
inherited similarities are conserved; but when these shuffle, mutate or juggle with each
other, variations emerge.
Locus .
" The position of a gene on the chromosome is called its locus.
Allele 1
g Genes form pairs on pairs of homologous chromosomes. One member of a gene pair is
located on one homologue and the other member on the other homologue. .
8 Partners of a gene pair are called alleles. .
: Each allele of a gene pair occupies the same gene locus on its respective homologue.
Both alleles on one locus may be identical or different from each other. .
Dominant Allele
2 Such an allele that masks the effect of other allele in a pair is called dominant allele and
such trait is called dominant trait. | .

Tt
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three differant loci

Gene Pool »
* All the genes/alleles found in a breeding population at a given time are collectively called

the gene pool.
It consists of all the alleles at all genes loci in all individuals of the population.

For a diploid species, each locus is represented twice in a genome of the individual who
may be either homozygous or heterozygous.

. Phenotype

. Physical appearance of a trait is called phenotype.
- For example, round and wrinkled are phenotypes of seed shape as the shape is a trait.
Genotype
. Genotype is the genetic complement i.e. the genes in an individual for a particular trait
*  Forexample, genotype of AB blood group is [P, .
Homozygous '
. When both alleles of a ge i L < i
“00 for that gene p:if of a gene pair in an organism are same, the organism is homoZyE™
: A;Ed;z;;’mﬂ'h homozygous genotype is called homozygote or true breeding.

. “HIPIE, KK 1s genotype of homo; S 1oL , it

zygons type of homozygous round seeded pea plant.

L]

For example, Ry is genotype of heterozygous round seeded pea plant.

If both alleles of a gene pair are direr A
R for that gene pair, gene pair are different from each other, the organism =
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MENDELIAN INHERITANCE
In 1860°s. Mendel discovered mechanism of inheritance based on his experimental work

with pea plants. The first step of his experimental work was to develop true or pure breed

\.mﬂ‘ll.‘ﬁ

A plant that produces *'1.“ the offsprings of its own phenotype upon self-fertilization is
called true/pure breeding plants. These plants can be developed by repeated self-
fertilization through successive generations until pure breed is achieved.

Mendel studied seven pairs of contrasting traits for each contrasting phenotype; he

developed a pure breeding plant.

In second step, he performed hybridization, a cross fertilization between two individuals

having contrasting phenotypes.

selection of Pea Plant

Mendel rn:ri'nnnw.i series  of breeding
experiments on garden pea (Pisum sativim)
in his monastery garden for eleven years.
He selected pea plant for expenments due
to following reasons:

Pea plants were easy to cultivate.

Its flowers were hermaphrodite. It was
normally self-fertilized but could be cross-
fertilized.

It has short generation tume.

It has many sharply distinct traits and each
trait had two clear cut altemmative forms or
varieties.

o~ CRITICAL B
o

Mendelian Traits:
Mendel's seven traits were on total
four chromosomes.

{ hromuosome

Number
Seed Shape ) 71
' Stem Length :

| Seed Color

Flower color

Ll’z;;i Shape

4
1

1

Pod Color 5
3

4

\ | Position of Flower
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segregate (separate) from eacp,

;E“ tWo co-existing alleles for each trait in an individual

CT al meiosis, so that each gan i -
: - So gamete receives only one of the two alleles. Alleles Unite
4gain at random fertilization of o - Iy >
ot e s fertilization of gametes when zygote is formed”.
. Mendel studied inheritan ing it 1 vhri 1 g
. ce of single trait in monohybrid cross in which
crossed that differ on single trait. ; R ..
' .| "
{-'ur the study uf_ single trait of inheritance, he crossed a pure breeding yellow '
-..nlnr;d _planls with a pure breeding green seed colored plants. He observed ]ha:t:"i 'rﬂ
Eeneration was comprised entirely of individuals exhibiting only one parental phenotﬂ,: '
1.€., yellow seed colored. _ P
. When F) generation was interbred/self-fertilized, its offsprings/ ] :
| . Z , it prings' F: generation :
3:1 ratio for yellow and green seed colors. e e ;
= @ 6. | #
! Yallow een parent in the P L
'! 'l anly one kind of | o
et
@ The he s I !
- uﬁpﬁmﬁ L
i
i
ba;
'
i
ey
L
'y
. Mendel got similar results and the same 3:1 ratio in offspring n-f ﬁnnoh}rbrid crosses for Il!

all the seven contrasting pairs of traits,

. Mendel proceeded a step ahead. He self-fertilized Fs plants to get the F3 generation. He
observed that 1/3 of F2 round produced only round (appeared true of pure breeding like
Py round), while 2/3 of F» round produced both round and wrinkled in 3:1 (appeared not-
pure breeding like Fy round); but F: wrinkled produced only wrinkled (pure breeding)-

Interpretations of Results

. Based upon these observations, Mendel concluded that each contrasting form
(phenotype) of a trait, e.g., yellow or green colors of seed was determined by particulat

Mﬂi which he called “efementens™ (now called genes). _.—i

PP At e e
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on ﬂ same Im)-
One derived from the male parent and other from the femnlepu!nt.
,  Yellow is dominant over green.

Phenotypic and Genotypic Expressions

Phenotype ratio of F2 generation is 3:1.

Genotype ratio of F: generation is 1:2:1.

It is a mating in which an individual showing a dominant phenotype is crossed with an
individual showing its recessive phenotype.

ﬂpiﬁmﬂu
This cross is used to find out the homozygous or heterozygous nature of the genotype of
those individuals showing dominant phenotype.

Details

s A phenotypically vellow colored seed could be homozygous (YY) or heterozygous (Yy).

. If the seed is homozygous yellow (YY), it will grow into a pea plant that forms all
gametes with only “Y" alleles. Green seed plants are always homozygous recessive, and
form all gametes with “y" alleles. Fertilization will result in 100% yellow colored seed
progeny, and showed that the tested phenotypically dominant individual 1s homozygous.

. If the seed is heferozygous yellow (Yy), it will grow into a plant that forms half the

gametes with °Y" and half with °y’. Green seed plants will form only °y” type of gametes.

Fertilization will result into 50% vellow and 50% green seed progeny, and show that

tested phenotypically dominant individual 1s heterozygous.

1. Suppose growth hormone gene has two alleles. One allele has locus designated as
11Ai reduces growth of bones than its counterpart allele present at locus §
designated as 11Aii of bones shows more growth. Emrmhnﬂhurlnﬂtmlld
be termed as:

A. Complete dominance B. Epistasis
C. Incomplete dominance D. Codominance
2 thdhdepﬁdnnmmmtwmlhlmn“d

B. mmmmm

following contrasting pllrul'lnlt!’
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piEment airs of trails are followed in the same cross, their alleleg - .
L

“When two contrasting p
independently into gametes’. - ot e Ras
The distribution of alleles of one trait into gametes has no influence on the dislribllliﬂnﬂl"

L]
alleles of the other trait.
Dihybrid Cross
. The inheritance of two traits simultaneously can be studied in dihybrid crogs je,, a Crog
between two individuals, which are different on two traits.
. The two of the seven characters Mendel studied were seed color and shape, Seeg shape

Phenotypic & Genotypic expression

may be either round (dominant) or wrinkled (recessive) and color of these seeds may he

either yellow (dominant) or green (recessive).

When he crossed a homozygous round yellow (RRYY) plants with homozygous Wrink]

green (myy) plants, all the offsprings were with both dominant phenﬁly]ﬁes in- :‘d
generation. |
IP order to analyze the genotypes of F plants, Mendel self-fertilized them and produced
Fa generation. He was cxpecting that dominant and recessive combinations mu!d.‘be-
pmdu;::-d in 3:1 in F2 generation as he had obtained in monohybrid cross but he obs -

that offspring were produced in four phenotypic combinations i.e mu;’ud vell H-Md
green, wrinkled yellow and wrinkled green in the ratio of 9:3:3:1. B o

Interpretation of the Results

$ Based upon these obseryati
| . 1ons, Mer g :
h Eﬁgﬂi}@oursog RrYy) for both traitzrm:iel concluded that the F, offspring were dihybrid 1.6+
' AnFican produce four clagseg of 5
sperms of th ' Of gametes, ¢.o g . as [F1R
e four classes are Crossed with ¢ ggs’ ; ]:;,l f_;'. r¥, ry, in equal qusanh:? If the
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. Wk“ﬁhwhid‘m“hlﬁmmﬂﬁnﬁ- o —
are in the above figure. These combinations make s mﬁr wafion YWN in the

lﬂﬁﬂnf!}‘:iﬁz_l. \IP four phenotypic categ
of Law of Independent Assortment

ations

Limitatic’ are located on chromosomes at specific loci. - b :

" wﬁ upon independent assortment of their chmm“?;pmdm assortment of genes
All the genes present on a homologous pair of chromosomes are Tl i
the form of a linkage group. These cannot assort inde mes are linked to each other in

: dependently.
Those alleles assort independently whose alleles are riding /

:;gl‘u'lnrs! of Law of Independent Assortment chromosomes.

] Mendel's law of independent assortment explains that if two parents have uni set of
graits which are desired to express in one individual, so it is s que ;
independent assortment. y because o

Furthermore, if two parents have such traits which they do not want to be expressed in
their offspring. This is also possible only because of independent assortment. |
scope of Independent Assortment in Variation

i Beside mutation and crossing over (which are sources of variation), independent
assortment of traits is also a major source of variations in successive generations.

i) Itis only duc to the crossing over and independent assortment of the traits that the
characteristics may appear in new combination in next generation which often seems
necessary for adaptations in varying environment.

Probability and Product Rule

»  Probability is the chance of an event to occur e.g. in F: offspring of a monohybrid cross
the independent chance for a seed to be round is 3/4 and wrinkled 1/4.
L]

When two independent events are occurmng simultaneously like in dihybnd cross, the
ratio of each joimt phenotypic combination can be obtained by muliiplying the
prababilities of individual phenotypes. 1t 1s called product rule.
Event No.l Event No.2 Both Events at a Time
Seed Shape Seed Colour Sewd Shape & Colour
Independent Probability  Independent Probability Joint Probabhility

 Round = 3/4 Yellow=34 | Round Yellow = 3/4 x 3/4 =9/16
{Round=34 | Green=1/4_ | Round Green =3/4 x 1/4=3/16

| Wrinkled = 1/4 Yellow = 3/4  Wrinkled Yellow = 1/4 x 3/4 = 3/16
| Wrinkled=1/4 | Green= 1/4 ~ | Wrinkled Green = 1/4 x 1/4 = 1/16

DOMINANCE RELATIONS
Dominance is a physiological effect of an allele over its partner allele on the same gene
locus. ’

% The Tﬂ'lﬂ'lli}ﬁ:ih’iﬁﬁ between the ﬂtinlfailil'lg alleles at the same locus n hﬂﬂﬂ!}’gﬂ-ﬁ state
are called dominance relations. ) -

3 Although Mendel had observed mainly only complete dominance, but later on many
geneticists became able to explain several exceptions 10 the Mendelian inheritance that

,  ‘Souldnot be explained on the basis of complete dominance.

exceptions are said to be mom-Mendelian inheritance P'm -mdmﬁ“mﬁlh*“
incomplete/partial dominance, co-dominance and C et lations are summan
different style of their functional effiect upon each other. These rel E
in the following table:

KETS - prer BOOK -
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el LE TN
One allele
Hetergumeore | SOMPIctely .
trozygote masks the effee; | ©Xpressed Both alleles are
— | of other partially expressed fully
P‘he . - RE‘E—
Hét:r‘::!‘f E' ':f | Resembles With Imf"ﬁediate Distinct from
il i one homozygore | Petween both both quantity from
‘__—-—-m-ﬁ_‘q_' r B 3 -
| homozygotes homozygotes humozymk
[t : ' Capital letter fo L Different
Ex ion oo | Different
-Xpression of dominang - Different P IrET expression fior
Alleles ant and - expression e.g. . X
| Alele small letter for | €Xpression e.g. Mand N blood | 40minant ang
recessive Ry and R» B TR recessive ¢ B w-
— T W] s group antigens il
| Phenotype & T o J ' » —
- Genotype Differe h “
. iffere : : .
| Ratios B crent | Same ' Same Same
| Need of Test | _:— » | |
Cross X % *
B RN . Mam ) |
| All seven traits Bl - | Fluorescent
' Examples studied by Flower color in | AB and MN o -
- SatieChby 4 O’clock plant | blood groups | PI8Ments in eyes
L | Mendel , of D‘m.sop}u!a_

MU

LTIPLE ALLELES

AND ABO BLOOD GROUP SYSTE\

Multiple Alleles

. All such altered alternative forms of a gene, whose number is more than two are called
multiple alleles. |

® Gene mutations may produce many different alleles of a gene. Some genes may have as
many as 300 alleles.

. Any two of these multiple alleles can be present in the genome of a diploid organism, but

a haploid organism or a gamete has Just one of them in its genome,
ABO Blood Group System

. A well-known example of multiple alleles is the ABO blood group system in humans,
which was discovered by K. Landsteiner in 190].

» This system has four different phenotypes which are distinct from each other on the basis
of specific antigens on the surface of RBCs.

» Bernstein explained the genetic basis of ABO blood group system in 1925. This blood

group system is encoded by a single polymorphic gene ‘I (which stands for
isohaemagglutinogen) which is located on chromosome 9. It has three multiple alleles
x-[.ﬁ" -IB' Bm:l !.im.

- Allele ‘I specifies the production of antigen ‘A’ allele ‘[* specifies the production of
antigen "B, and allele *i” does not specify any antigen.

% Their dominance relations are interesting too. Alleles “I* and *[®" is co-dominant to ¢ach

other because each expresses equally in [A]P heterozygote to produce ‘AB’ phenotype:
But allele *i" is recessive to both ‘I and *[#*

kT - PREP BOOK —=
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Vari;.tinn & Genetics / Inheritance

Genotype \ntigen on the

. \‘.I‘N”ﬂllilit'\ in Bloo
Surface of RBCs

Plasma
LS - Anti-B antibody
E B . Anti-A antibody
= [A[B Both the antigen *A’ Neither anti-A nor
= ___and ‘B’ anti-B antibodies
. — : . | Neither antigen A nor | Both Anti-A and
E—'— | antigen B | anti-B antibodies |

The blood group alleles start their expression at early
gxpressing themsch-c_:i till death. Therefore, the blood gro
changes throughout life.
,  On the other hand, anti-A and anti-B antibodies appear in
months after birth. They are naturally
Transfusion Principle

embryonic stage and keep on
up phenotype of a person never

dies blood plasma during the first few
occurring in the absence of corresponding antigens,

s When transfusions are carried out =~ CRITICAL CONCEPT!
between two incompatible ff° e - T 52
(different) blood groups, antigens Elnrf;ga _'P?;“‘f‘x'“'} In Patients  with
of donor react with the antibodies “i.]h = }in‘*li?."!'l!;l-r-cw vith  the TR
(also called agglutinins) of the . - T L OIaY
s : R g o s phenotype need blood transfusion, they can
recipient, then the red blood cells receive only. autolopotz MRIGRIR REL T
clump with one another. ﬁ ‘.I..LL C 4_.1] 3. dUuiniogous DIOC | 0 U
# The clumping of red blood cells is | from another Bombay blood group.
‘ T . ; 25 15 - . s T
iy ai];:t’ blLi" r'mLEIjh ;;‘:1.:' i Transfusing blood group ‘0" red cells to
B LR A e ] EXEIOTE, them can cause a fatal hemolytic transfusion
the transfusions are carried out on || o e

the basis of donor's antigens and W
recipient’s antibodies,

. Agglutination leads to serious resulis because clumped cells cannot pass through the
fine capillaries. The blood samples of donor and recipient are cross-matched for
compatibility before giving transfusion,

Blood Transfusion

Blood Group : e [ Donated To Receives From

S A | A AB D

—— B Y B, AB | B 0T -

H@Luﬂiyil recipient) | L AR A, B, AB, O
q—gl':"'!_i}:t‘._ﬁal donor) 1 A, B, AB,O 8]

= _ o camea THinaneR |

3. Wha-tﬁ@mrm about ABO blood groups system?

-~ Blood Group | Antigen Antibody | Genotype | Donor for | Recipient of '
A, A A Anti B | ' | A AB A, O
B. B B Anti A | P B, AB B,0
L. AR AB No | " | A AB,B | AB
A No |AntiAand AnGB | i A, AB.B. O 0
* Il father is homozygous for blood group ‘A’ and mother is ‘0’, and both are
i’;'l'll'i.;r for H—gene, then probability of phenotypically *O° child in their progeny
I be:

Al B. 25%
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Alleles for ‘Zene D' ocey
alternative

Py one locus called ‘locus D° while ‘gene C* and ‘gene |
ly occupy the other locus.

€ ‘locus D is of prime importance because it determines the formation of p

antigen/Rh factor’, while its alternative “allele d” inhibits the formation of Rh factor.

*Allele D’ is completely dominant over ‘allele d°, therefore, persons having E2ENotypes
‘DD’ or “Dd’ have D antigen on their RBCs and are Rh positive. Persons with genotype
“dd” do not have Rh factor and are Rh negative.

Phenotvpe/Bl Rh-Factor/ Genotype Anti Rh Can Donate Car

ood Group Antigen D Antibodies To Fr
Rh™® Present DD, Dd Not produced | Rh™ L Rh™, RE™
Rh™ | Absent dd Produced  (If | Rh™, Rh*™ | Rh'™

stimulated)

En'thrublﬂstosis Foetalis

Erythroblastosis foetalis/materanal-foetal Rh incompatibility results when & Rb*™
woman, married to Rh™ man conceives a child who is Rh™, :

If the RBCs of Rh™ foetus cross the placental barrier and enter into Rh™ mothers blood
gtream, then the mother’s immune system reacts to the foetal Rh-antigen stimuls b
producing large number of anti-Rh antibodies. e :
The first Rh incompatible pregnancy may not face much problems. But when placcs®
detaches at birth, a large number of foetal cells enter mother’s blood stream ""dw
production of large amount of anti-Rh antibodies by the mother. These ani
antibodies persist in mother’s blood for a long time and are persistent risk mu-ﬂ.
Rh" foetus. : ,_
When mother's anti-Rh antibodies seep through placenta into the circulation o
they start hemolysis of RBCs of the foetus, which results in anemia. ThiS
lead to abortion or still birth. '
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EI‘!!'! - - -
poductionof  Fnantbodies  Rh antbodies
Fhantbodes ™o ® attack the

bloodstrean (haby's blood
cells, causing
A dsease

. Even if the pregnancy continues, the liver and spleen of the foetus swell as they rapidly
produce RBCs. The breakdown product of RBC called bilirubin also accumulates in the

foctus.
+ Bilirubin damages his brain cells
foetus. This condition is jaundice.
Control of Rh Incompatibility
. Rh sensitization of Rh™ mother is avoided by a simple therapy. She is given an injection
» after birth.

of Rh-antiserum during early pregnancy and immediately :
1 will destroy Rh+ RBC of the foetus before they

= The Rh-antibodies in the Rh-antiserur _ | .
stimulate production of matemnal anti—Rh antibodies. The injected antiscrum disappears i

before the next pregnancy.
GENE LINKAGE AND C

and turns skin and whites of the eye yellow of the .

ROSSING OVER

Gene Linkage |
*  Phenomenon of staying together of all the genes of a chromosome is called gene linkage.
*  Gene linkage is a physical relationship between genes.

than the number of chromosomes. In fact each

*  The number of genes in a cell is far greater

chromosome has hundreds and thousands ©

genes en block in form of linkage group. ir

The number of linkage groups corresponds 1o the number of homologous pairs of

chromosomes. For example, man has 23 linkage groups. ' |
so usually they do not show

f genes. So, a chromosome carries its linked |

L]
The linked genes tend to be inherited together in offspring. shoy
fecombination and do not assort independently. So the idea Mendelian £tio of
E”“ of Gene u;'f::mﬂ:nt is deviated.
osomal linkage : .
g“m are linked on autosomes, their linkage is called autosomal linkage. mﬂ
’ al b

"rmﬂﬁnﬁeﬂmmcmmﬁ. their linkage is called sex linkage.
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~ thed www plet 'mﬂmyisbdmh
iii.  Butif only parcntal W“mmmgfm outcome of mmmbm:. ¥

brid cross, the complete il < _
and disturbs 9:3:3:1 atio of independent assortment, as a_result, only
combinations are produced in 3:1.
s Genes for color blindness, haemophilia, [ 1. recombination

between two genes cannot e
greater than 50% because random
assortment of genes generates 50% |
recombination (non-linked genes |
produce 1:1 parental to pon-
parental). Thus, the recombination
frequency would be pop-
parental/total --> 1/(1+1) = 50%).

and gout etc. form one linkage group on
human X-chromosome.

. Gene for sickle cell anaemia, leukemia and
albinism etc. form linkage group on human
chromosome 11.

Crossing Over
Crossing over is an exchange of segments
between  mom-sister  chromatids  of
homologous chromosomes during meiosis.

. Linked genes can be separated by crossing . . :
over. Closer the two gene loci, more strongly their genes linked. The farther apart two
genes lie; greater are chances of their separation through crossing over.

. Crossing over minimizes the chances of gene linkage.

Homologous
chromosomes
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easons for Selection of Drosophila
Drosophila is a very useful organism for genetic studies for many reasons. Fun xample

SEX |""~|\ AGE IN DROSOP ----WI
~ T. H. Morgan (1910) pmndadexpmmenmlmdemmmppaﬂuf hromosom

of heredity through discovery of sex linkage in Drosophila.

Easy collection & culturing
Sexual dimorphism

Short generation time
Excellent for genetic studies

his colleagues. )

()  Part of human genome project
gan's Experiments and Crosses

Morgan raised cultures of Drosophila ﬂlesmmdymﬂ‘mtmnﬂﬁ oo n—.['“fT the ey
~ Nommal fruit flies, the wild fype, have bright red eyes. One of his coworkers Calv

‘n.T

Bmhs. observed an unusual white eye mutant male fly. i
ihmmmdwhneeyﬁdmﬂgmthamﬂdtfpemdqedfunﬂe.ﬂl 7 offs
umurﬁﬂn}fﬁ Mmgmmhdadthﬂmdey:mdmmtm
2 allowed males mrl s of Fy generation to mate and produce F2 gene
mmiqﬂ Jﬂll!!ﬂw‘ﬂhﬂﬂm vhite eye males amon

- 1o kh—ﬂ' . "_'._' 1

",__7‘_. .._'J __ow R o .
T Al ervation by L - at

—— o o
= < e = . -,\_.-‘n_,-,,_k—\.,.-|;.-L,.,-1,‘,‘ U [T
A ' T WEre nd-evyod 1ermale | i = |
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13 il'u'htlﬁn .
The gene fm- e -
(i) The alleles :r}'e color is located on X-chromosome.

ltor eye color are present only on X-chromosome. There is no corresnani:.
(i al!lElﬂ for this trait on Y-chromosome. hl
i) Elﬂglc recessive allele on X-chromosome can express itself in males because .
chromosome is empty for that gene. B
. Now we can relate these crosses with genotype. The genotype of the parents of Py crog
were XX for red eye female and XV Y for white eye male.
First Step Cross:
By Red eyed female White eyed male
X! Xy
Gamcies W‘-'ﬂ" E, M@
s Sperms I.
:‘:r,i
B
{
)
|
| | |
E XX XY
Red cyed female Red eyed male i
8% 5084
Second Step Cross:
Fi % Fi Red eyed female x Red eyed male
XK Xy
Gametes '“@ ”@ m@ m@
Epgs Sperms
L ) 1 1
E 1. 1 i
. el Rl whde!
Rmae  _ female AR
2450 1011 ‘TE2
¥ETS - PREP BOOK
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=

ctep 4: Reciprocal Cross/ Confirmatory Test o D
;1 fmamcufwmwfmalepm@dmw-fu! rther
s+  Morgan mated a wﬁtc#yedﬁjdem;ﬂpumﬂl a red-eyed male. All fema

~ eyes and all male offspring had white eyes. _ o SR
ot mﬁ red-eyed females and white-eyed males were mated to produce 2, then half
the F» females had red eyes and half white eyes.
s Similarly, half of the F2 males had red eyes and half white. q;_t_.-*_n'e.u.:r--, was exactl

White eyed female X
P X"

e @

Eggs
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follow zigzag path WATE

chromosomes m:g{:talled Y -linked
genes and their traits are called _1'3‘ |
linked traits or holandric traifs.

The examples of Y-linked traits are
hypertrichosis, and webbing of

' Tw'uhumnns typically sl;are around 99,90, 1;
the same genetic material. It's the 0.1% of e

material that makes them d_;ﬂ‘m‘eut. Humang
share about 90% of genetic material 3
| mice and 98% with chi‘_i'n, |

. Such traits whose genes are located 3 s , - ]
on both X" and *Y" chromosomes are called ‘X’ and *Y" linked or pseudoautosomg
. Experimental mating is not practically possible in humans. Mode of inheritance of human
traits can be traced through pedigree.
Haemophilia
. It is a rare X-linked recessive trait. _ : ‘
. Hemophiliac’s blood fails to clot properly after an injury, because it has either reduction
or malfunction or complete absence of blood clotting factors.
. It is a serious heredity disease because a haemophiliac may bleed to death even from
minor cuts.
es of Haemophilia
A 80% v X-linked recessive
B 20% . IX A-linked recessive
& Less thm} 1%. Xl Autosomal recessive
. Haemophilia ‘A’ and ‘B” are non-allelic recessive sex-linked but haemophilia ‘C" is an
autosomal recessive trair (autosome 4). 7 : |
. Haemophilia ‘A and ‘B’ have more chances in male 4 - - o
L ] € as compared | D .
haemophilia C has equal chances in both male and female Prparec o e
Genetics of Haemophilia A “ 1
. A woman can suffer from ‘haemophilia A° . : o
recessive allele, gers. A only when she is homozygous for the
. A man with just one recessive allele will display the trajg.

. Haemophilia ‘A’ zigzags from matemnal grandfather ¢h-
grandson. It never passes directly from father to S'DFTW through a carrier daughter fo 4

(or ¥ ‘H’ and ger fﬁ: ‘hiaﬁﬂlﬁ "'Mia.h‘ is :hl’
- Female Xhxh - Normal
Ko IE —Normal but caric:
I P 8 o “‘-"-?**Eh } % Hm-'
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igree of a family is given below. Find out the geng
“pemophilia at position 5:

type of individua) for

1
-

Color Blindness

' It is a hereditary disease in which a person cannot differentiate between different colors.

' Nomal trichromatic color vision is based on three different kinds of cone cells in the retina,
each sensitive to one of the three primary colors, red, green, and blue.

. Each type of cone cell has specific light absorbing proteins called opsins.
Genetics
L]

The genes for red and green opsins are present on X-chromosome while the gene for blue
Opsin is present on anfosome 7.

Types of Colour Blindness

. Mutations in opsin genes cause three types of color blindness:

) Dichromacy :

4 A dichromat can perceive two primary colors but is unable to perceive one whose opsins
are missing due to mutation.
. Itis further categorized into three following types:
Blindness .'l"l't‘t"lll ion

Protanopia Red blindness Cireen, Blue

Deuteranopia | Green blindness | Red, Blue
" Tritanopia Blue blindness | Red, Green J
‘ ) Protanomalous

Some people can detect red and green but with altered perception of the relative shades of these
s colors, They have abnormal but still partially functional opsins. e
They are protanomalous and deuteranomalous for red and green blindness, respectively.

i-—.-____
EETS - pREP BOOK 283
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‘A monochroma can perceive only

Monochromacy one color. Monochromacy is true color-blindness.

X meﬁmK-mmﬁmtmﬂmbﬁﬂﬂﬂ.mm“.

_ mhwhyuﬁa!mmlhﬂmﬂ-gmcdﬂrm.

B i any sexinkod rcessive ris it lso Zigzaga from el granckier CRGANGRS

M'#ﬁTWMhWEMWMMmWWMh,“
. - ' .

Others
L

Traits

ﬂ'"‘rd_::'ffmiﬂi _ation syndrome/androgen insensitivity syndrome is a rare Xlinkeg
Tm@? g .1 in which a person has *X" and ‘Y" chromosomes yet tfm genes on their x.
messne ::1; develops them physically into female. They have breast, female genitalia o
;m-:m ina, and mo uierus. Degenerated testes are also present in abdomen. Sych
indiwid::ﬁs :m: happily mared as females but are sthle. ¥ |

A sex-limited trait 15 a type of Sex rn:lat:ed trait whm_h 15 r.:un_ﬁnﬁil“m only sex due o
anatomical differences ¢.g. beard growth in human ma!-:-: and milk )"I'Eldlln COWS.

Sex influenced traits are also a type of sex related traits. These occur in both males and
females. but they are more comMmMon in oNe Sex. Suc:h traits are m;mrulled 'n}.r an allgk-m
is expressed as dominant in one but recessive in the other. This difference is expressionis
due to hormonal difference between the sexes. e.g. pallem:baldncsts whn:_h is mhcmcd;
an autosomal dominant trait in males but as an aumsunml_rcctsawe trait in females. A
heterozygous male can be bald but a heterozygous female is not. A woman can be bald
only when she is homozygous recessive.

and Examples

Trait Example

X-linked recessive Hemophilia, color blindness, testicular feminization syndrome
X-linked dominant Hypophosphatemic or vitamin ‘D’ resistant rickets o
Y-linkedtrait | Maleness
B—

Pseudoautosomal trait | Bobbing in insects

— J-ﬂ‘
;:1 lrrmmi trait Milk yield in cow, beard in man e
Eﬂ mfluenced trait Baldness -

5.

An X linked : : 'E"
:n;dh: Pﬂ‘“th'mn; ive trait which 1s ¢f aracierized by difficulty nl’plﬂtﬂ! w
E esticular feminization syndrome

B. Color blindness
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" institutions through entry tests. It provides a
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