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Define a nerve |mpulse How nerve impulee is

transmitted ?.
Transmission of Nerye» Impulse |

Conductlon of Nerve Impulse
" The conduction of nerve impulse is an ele
involves the passage of measurable electric curren
metabolic activities within it at the synaptic ends.
Like all other cells,
the nerve cells exist in a

ctrochemicel event which
t along a nerve and a few

“Cyton

nviron = :
ﬂut.d environment  in T AN
which salts and ions are Neuron o -
dissolved. The medium is Dendron =
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actively transported from R S XETTY T 1

inside to the outside of e i

s - & R R e e !

}t(he nerve, ﬁb.re. This Is Excited region = . ‘ig

nown as sodium pump. ~ = Fig. Propagatlon of nerve impuise in a o

!

- As a result, they are in | . ' S \

nerve fibre.

high  concentration

outside the membrane in the mterstltlal fluid and in low concentratxon in the : -
&oplasm. As a'result, the outer surface of the membrane is electrically | e ]
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' 7k <2 ively charged. The chapes.
positive and the -inner surface 1S t“e%?;;\'ftl){s aboutgm_go mv(c;?lr]g“el l“'i
: . ‘1o ag resting potential. : oo vy
“neuriler cribed as resting pOTETEEE T ke 2 e
neunﬂemma lSdle > tion : When a_stimulus of) any kmd,t Tﬁ?h?mca‘
P riza Y ‘ , momentarily, 4.1/’
‘-(‘2) D?P? ?nical impiﬁges upon the 'n.e o ﬁl by ite of stimuly ’a loPa;
electrical o cae_ithe imembrane permeability at the si B s os.sff"whnch, |
Ss s 'S 11 . ; v ] u 1 &
mme’c_ltse OC:: lssodium ions to rush into the cell. This is PPOsite of t,
permits mo

resting state and is ¢ alled reverse potenhtial.éi]t ;:Es:zlts' in ’depolarizat'i'(',n of g
i ar irea. A |
the membrane a“d a,lfcﬁl.nifgt:’:;zg(;d ‘éll;ectric potential of the n.euril'eﬁ]a :
: 3) Action. p,Otennatiz;l' The initial change p‘rqduc‘es an ionic ir,nl?alahCe ,
is known as action pOte'lt]he,i .s‘ide of the"point of SHimUIE producing Toey
in the men}?raneTcl):; See‘ areas. of negative depolarization, in turn ’inifiate,
z;f;:rgfs ci::nﬂizt.mel‘nbraﬁe- adjacent to them. A v\’/‘arve of. ::‘llfzrcg::ﬁc:ange or
depolarizatibh along the lel1gtl1 of ‘nerv? fibre 191 agon is 4 g ne'rVej
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lmpu}lflf;a propagatibn'of nerve impulse can be Comp-ared- to the pushing over
of a row of dominoes. Energy is required for t_he intial disturbance, _bUt_after
that the displacement of domino works to displace the next and, once the |
stimulus has set off a nerve the impulse passes without any chapge fiown the
length of the fibre. - . G _ phps
(4) Repolarization : With the incréase of positive charge inside, further |
enitry of Na* is prevented and permeability of membrane decreases and Na* . |

ions are.pushed out. With the establishment of sodium pump the inside of the -
‘membran-e( becomes . negative’ and. outside becoines positive and the

membrane  restores - the original resting potential. This is known as
repolarization. The. repolarization starts :

depolarization had started and then continyes t;

e o B A . N requires some time during which
- the .._ﬂzr\_’e‘. C'annot‘be stimulated again, This_period is known as refractory -
period. 5 : S

A very weak stimulys is'innab'l' e 5 . bt A
fii : : » et ‘ e oy

I of stimulus which s just adequate to czﬁlls)erz?]?.gate a nerve impulse. Intensity i
o stimulus. Stimulus below threshold cause i called the threshpld:

.- R ] 3 a : : : . S|
| butnoaction potential, Sinall Membrane depolarization

°
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te on cell adhesjop,
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. as glycolipids. These m olecules form an ex'tl“aéeliu]glyc’pﬂr?'te\:vhich A
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: heiﬁ_l?he. membrane in P'el‘foi'hi a variety of functions like cell ~3

2

* “recognition, membrane transport and vesicular transoprt.

N

The célls in tissue are joined together and remain in contact with the ’

help of extracellular matrix. In verterbrates, these tissues include nerve, blood
'ejﬁithelial and connective tissues. The cell in all these tissues are held together
by cell-cell adhesion. In early stages of development only cell-cell adhesions

'a‘r_c{d_ispla)}ed but in mature adult structures, cell junctipns are 'a]so associatéd

with cell adhesion.
- - cell adhesion o
- In the developing einblyo different types of cells regregrate and form
“specific. 'regions.through cell sorting. The same type of cells- aggregate
together through the phenomenon of cell adhesion, occurs due to the presence
of specific proteins and carbohydrates in the plasma’ membrane. These
proteins are called adhesive proteins. . 3 '

 Adhesive protcins : ECM (extra cellular mafrix)c’éntéi‘ns a variety of .

specialized glycoproteins.and involved in arranging cells into organized
structures. These malecules function as substrate adhesive molecules. In the
ECM, collagen and proteoglycan function as substrates. Three types of
adhesive glycbl proteins are found on the plasma membrane.

1. Fibronectin : It is a very large glycoprotein and is synthesized by ]
cells like fibreblasts, chondrocytes, endothelial cells, macrophages and

certain epithelial cells. It also helps in cell migratin. _

2. Laminin : Itis a large multi-chain glycoprotein and consists of three
polypeptide chains. It is a major component of basal lamina and provides a
link between the cell and the structural components of basement membrane.
The three chains-of laminin are responsible ’fc‘)r binding to collagen, heparian
sulfate, entactin and laminin receptors. . ‘ ‘
3. Tenascin : It is also known as cytotactin and resembles fibronectin
for about half of its length and it is transiently accur in ECM during embryonic
development, Different cells react differently to tenascin, so that it does not
always promote cell adhesion. Pk ' . ’ ° .
@ .. Q3. Write a short note on various cell functions.

Ans. The cell is the basic unitl of life. There are a lot of differences in si

and shape of various types of cells. The main functions of cell are - e

& ; mﬁg] ie‘]{S Jpa;qtg{n,g theft protect the contents of cells from the ex,ternai
Bl nis barrier r_ngmtams_tbe concentration of the solutes in the -
!l r.:guAlatmg_ thc,transpon of materials from in and out o'f'th'e cells. S

_ = Inheritance and transmission ‘of genetic materis 22 :
“Neration to another are ~ o Benetie material from o
L : h} are ,perfomed nr- the cell thropgh cell’ divisions.

|
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@ Q.6. Write a sho& note

WWW_d reamtbpper. in B.Se. Biotechnotagy :

3. All cells carry out series of chemical _jreac4tions like the Synthesig of

macromolecules, trapping energy, the degradation of some untised molecyje, -
.converting food substantes into sugars’ etc. " E

ty starting from locomotioy s

- 4. Cells can show different types of motili
the movement of componerts of cells. _ S
cellular matrix.

@ Q.4. Write a short note on exta , TLR
Ans. Animal tissue is not only composed of cells but also contain many
ot f extracellular spaces. These spaces are fi Iled up by many types

types o ' Tar .
of macromolecules consistuting the extracellular matrix.. The .

macromolecules, constitute the extracellular rpat‘ri'x ~are mainly
- secreted locally by the cell. In most of the connective tissues these are
secreted by fibroblast, in some .specialized connective tissue like
cartilage and bone these are secreted by chendr ol?lasts and
ostéoblasts. The extracellular matrix is made of three main types of
extracellular macromolecules like -glycosaminoglycans, fibrous

proteins and specalized extracellular matrix or basal lamina. ®
@ Q5. Write a short note on neurotransmission and lon
channels. ’ 5
Ans. - Membrane Excitability in Animals -~

(Neurotransmission and lon Channels) |
All living systems is their ability to respond rapidly to stimuli like
-sights, sounds, smells, etc. In animals, this will certainly involve movement
of muscles and intercellular communications. These communications need to

- be very fast, certainly faster than the speed with which blood carrying-

‘hormones, or lymph ﬂpws in the circulatory system. These nerve inpulses are
generated and transmitted through a complicated networkconnectirﬁg every

rom one cell to another in a specific but.
art of the organism to~

: Curotra : 5
cells or-neurons. Cransmitters takes place through nerve

on myosin,
A 2 £ the im s e ~
- myofibrils ic i -mportang p . 4 ]
- MyORbrts and this, I conjunctioy o A Is present i 14

‘ | oo R acun forms g structurd) |

Ans. Myosin : Myosin is one of

B

0
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" gamework of the contractile: mechatiism, ‘in. il‘i:LI:sc;}l‘GSs A myosil
""" moleculé has.an attachment site; for actin:molecule and an enZymatic

. site that breaks down ATP with the‘liber'at’ion'qf energy. |
« Q7. Explain the Neuromuscular Junction. .~
ans. Neuromuscular Junction : These are _
. fibre, or the axon_'.{;caqhingnthe muscle fibre forming a

. contract with them in the form of an‘end plate. They receive the nerve -
xcitation of muscle fibres. .
d muscle fibre is called a. .~
hey allow a large area -

. “The area of contact between neuron an
neuromuscular junetion. The important point is that t
of appdsition‘-bét‘Weetj axoplasm and sa'rcopla‘smj_' |
L Q.S. Write a note on sacromere.
Ans. Sarcomere.: A small segment of striated mu _
" successive Z-discs is c'all.é'.d'a_s ‘sarcomere. Each sarcomere consis
. two tyﬁés of myofilaments : (i) Thick : myosin myoﬁlamzeptsl a_nd‘.‘.(ii)
" -'Thin : actin myofilaments. - SN £ W

) impulse on the'_"én'_d plgt'e_ and. result in e

@ Q.9. Distinguish between a th‘OIirierg'ic and, adrénergic,] :

 nerve fibres.

Ans. Difference BetWeenfCholinergic énd‘Adrenerg'ichibi'es : Nofmally», o

the transmission .of nerve impulses ‘across the synapse in both

--"-synmpathetic and parasympathétic._SySteln is led by the release at the

_synpase of acetylcholine or a similar substance. -

1. In parasympathetic system, ,thAeAat‘:etylcholine. is also released at the
nerve ending in the end organs: Such fibres.are known as cholinergic firbres. -

2. In sympathetic system, the chemical substance released at the nerve

endiggs in the end organ is sympathin (in place of ‘acety],chovlin'e).' The nerve
ﬁb:es‘that rglease sympathin at their endings are known as adrenergic fibres. -

" Q.10.What is cholinesterase and what is its function ?
Ans. Cholinesterase : When a nerve impul er ol
 the chemical substance acetylcholine
This substance transmits the impulse
process of contraction. Following a

nerve releases another substanc

is released in the end plate area.

br.icf period of contraction, the
€, cholinesterase. The .

neutralizes acetylcholine and ¢ | ¢ cholinesterae

auses the muscle, fibres to relax. It.

e | '.g"f:ﬁ;e, ha,sl',an antagonistic effect to the acetylcholine

- W-T1.Describe the function of acetyleh,t:. s o
and seratir it i ~acetylcholine, aq e
Apg b o erotonin in nerve‘ph_YSiology. s ."enamlme |

'S. Acetylcholine : . A
e LA GE O s Acetylcholine js a Y : .
Synapses. Depolarigation or v & chemical t itter
S “polarization of terminal knobs of \;::smltter iz the
: BRI CNE I ; CauSes lgcal

‘the junctions between the nerve .
‘ n intimate

scle fibril between two .
comere consists-of -

Ise arrives at the motor end platel.. -

to muscle fibres, which start the .



». - 4 Q. 13. Explam neurosecretlon

Ans. Neurosecretlon Neurosecmon plays an unponant role in ther
' mtegratlon of various body activities, viz. growth, reproducnon water‘

-materil from this part of hypothalamus is poure

. - the. spmal cord is -another example of neurog
" Q.14. Discuss cell-celj interacti

.= AnS, Cell-cell interaction ‘refers 1o ¢

: 130 : % ; | S _ BSc. Bwtechnoto

. ; ‘ " ‘vAv"vAvl‘vAv' dlbulllluppcl In
‘movement of ions, mcludmg Ca** ions. Entry Olf ]E,al ions. relea
- 'acetylcholme which diffuses across the synaptic cleft ;Combmes W'th
. “specific receptor molecules of postsynaptic n;lem raneé and g,
* complex changes the permcablllty for .smaller ions- Causin,

depolarization of the pos

~ . transmission of nerve impulse. at the synapse. It is functional at g,

cholinergic effector organs (muscles, glands etc) po;t%a"gIIOnnc
- parasympathetic nerve endings, pregangllonlc sympathetic nerve

~ -ending and at neuro-thuscular junction.
Adrenalme or epmephlme and serotonin are also Chemlca]
transmltters Epmephrme is pr esent in

efdings. -
e Q.12 Write a short note on sodlum pump

‘Ans. Sodium Pump : It is a mechanism by which sodium ions are
transported out of a neuron across. the. cell membrane. The process

_ requires energy in the form of ATP since it is a form of active transport,

* Itmaintains the different concentratlon of sodium ions on either side of

neuron membrane 9

balance mgmentatnon, mouldmg etc.

. Corpus cardiacum in insects and neurohypophy51s in vertebrates, from '
':. where they: are dnscharged as and when required. This secretion from these
¥ - ells can pass ‘along the mterganghomc connections in either directions and

' also outwards along the perlpheral nerves. ¥ :

“The neUrosecretory cells are present in lower animals which possess
" well deﬁned nervous' system except lower coelenterates and tenophores In

hlgher ammals neurosecretory cells aggregate and form well defined .

tsynaptic cell. Thus it _helps in the

pregangllomc sympathetlclnerv,e |

neurosecretOry system. The ma_lor neurosecretory system in vertebrate; lS

locatcd in the supra-optic and paraventricular regions of hypothalamus.

“The basal part of the hypothalamus 1s also’

neurosecr nction
and ‘secretes tropic hormones or releasing etory in fu

factors. The neurosecretory
‘anterjor pituitary: Similarly neurohypophysis located in the cau'dal.region 0
ccretory system in fishes.
on? :

A multncellular' orgar'xxsms.' Théce 33

d into the blood supplying the

|
|
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. communicate with each other in response to changes in their -

-~

~ ““microenvironment. This ability to send and receive signals is essential

. for the survival of the cell. Interactions between cells can be stable
SLlCh_ as those made through ~cell junctions. These jtlnct;op;' ar:
' involved in the communication and organization of cells within

. ".particular tissue. Others are transient or temporary such as-those

between. cells of the immune system or the interactions involved in .
- fissue_inflammation. . These types of intercellular interactions are

distiriguished from other- types such as those between cells.and the *

_extracellular matrix. The loss of commtlnicatioh-»be?;ween cell; can .

- result in uncontrollable cell growth and cancer.. *

| Various types o.f-'c_:el'l' junctidn;s :l.h.thi& di"é_gr_am;,.j:the intéffégé, between .
neighboring cells or the basolateral membrane is depicted as “sheets™; the .

space between these sheets being the extracellular environment and the

location of adhesion protein interaction,

~ Stable cell-cell interactions are required for cell adhesion within a tissue

i m?,o(gaﬂlzatlon.of tissues whe : : poi

f the same tissue rather than to
Tight Junctions i

Lo
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Jb ew:lor_ls EXIst as a-continuous band located just below the apical surfy.
een the membranes of neighboring epithelial cells. The 'tlght’jun_ctigng'o;. 4

i
(RIS

B.Sc. Bzotechnolog

’

adjacent cells line up so as to produce a seal between different tisgues o,
body cavities. For example, the apical surface of gastromtcstmal'epithé“al'

; cells serves as a selective permeable barrier that separates the exterpy .
-environment from the body. The penneabi]ity of these junctions Is dcpendent_

on a variety of factors including protein makeup Of‘vthatj““‘:ﬁo“’ tissue.type
and signaling from the cells. 4 s it
“ Tight junctions are made up of many different proteins. The four majp |

" ‘transmembrane proteins are occludin, claudin, junctional adhesion molecues”

(JAMs) and tricellulins. The extracellular domains of these proteins form the .
tight junction barrier by making homophilic (between proteins of the same-
kind) and heterophilic interactions (between different types of proteins) with
the protein domains on adjacent cells. Their cytoplasmic domains interact
with the cell cytoskeleton to anchor them. . TN e
- Anchoring Junctions =¥ N, S H
_ - Of the 't‘hree'ity'pe_s' of an;ihcrirlg. junctions, only two are involved n
cell-cell interactions: adherens junctions and desmosomes. Both are found in,
many types of cells. Adjacent epithelial cells are connected by adherens

~ junctions. on their lateral membranes. They are located just below tight

junctions. Their function is to give shape and tension to cells and tissuesand .
they are also the site of cell-cell signaling. Adherens junctions are made of
ce!l adhesiori molecules from the cadherin family. There are over 100 typesof
cadherins, corresponding to the many different types of cells and tissues with

-varying anchoring needs. The most common are E-, N- and P—cadheriﬁs‘ In
the adh;rensjuncﬁonsof epithelial cells, E-cadherin is the most abuhdanf. b

* Desmosomes also provide strength and durability to cells and tissues

and are located just below adherens junctions. They are sites of adhesion and
ggsrgztglz}:ggziedg;gcegl.lin?hTe!}x’esa; ° Mo Gy cadherigny
interact with each other on z;diat:'t‘en'tpcr Dﬂepms Ny extra;:ellulz.;r d.oma;ns d‘xat !
form plaques which anchor the des.en e the cytop lasmic side, plakifs;
: 1050mes’ to intermediate filaments.

Y > 2% eS ) 1 |
‘ 14 \\‘ \

- Gap Junctions

Gap junctions are the i ' , E o
ns 2 main site of cel] RO T e
that allows small : if “cell signaling or ication |
gap'jun‘ctio;s arcmcoolﬁ: fiesto diffuse between adjacent :ell'sc?mm:tl:bratﬁs’\-
i posed of transmembyrane proteing 'n.?:i-\’e_ :,éﬁns‘ |
€ cailed con <
els e 4 : - 3 i
 through which jons sugars, and othel

r
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~on an adjacent -cell- membrane. The permeability of these junctions is
regulated by many factors including pH and Ca2+ concentration: |
~ Receptor Proteins in Direct-contact Sighal'i’ng e
Receptor proteins on the cell surface have the ability to bind specific
signaling molecules secreted by other cells. Cell signaling allows cells to
communicate with adjacent cells, nearby cells (paracrine) and even distant
cells (endocrine). This binding induces a corformational change in the ~
~receptor which, in turn, elicits a response in the corresponding cell. These - 3
responses include changes in gene expression and alterations in cytoskeleton
structure. The extracellular face of the plasma membrane has a variety of -
proteins, carbohydrates, and lipids which project outward and act as signals.
Direct contact between cells allows the receptors on one cell to bind the small
“molecules attached to the plasma membrane of different cell. In eukaryotes,
many of the cells during early developmént communicate through direct
contact. = > ' e, ¢ :
: Synaptic signaling, an integral part of nervous system activity, occurs
- between neurons and target cells. These target cells can also be neurons or-
other cell types (i.e. muscle or gland cells). Protocadherins, a member of the
cadherin family, mediate the adhesion of neurons to their target cells-at
synapses -otherwise known as synaptic -junctions. In. order to for .
communication to occur between. a neuron and its target cell, a wave of
depolarization travels the length of the neuron and causes neurotransmitters
1o be released into the synaptic junction. These neurotransmitters bind and .
‘activate receptors on the post-synaptic neuron thereby transmitting the signal
“to the target cell. Thus, a post-synaptic membrane belongs’ to th_e membrane
receiving the signal, while a pre-synaptic membrane is the source of the
neurotransmitter. In a neuromuscular junction, a synapse is formed betwéen a
motor neuron and muscle fibers. In vertebrates, acetylcholine released from :
~the motor neuron acts as a neurotransmitter which_depolarizes the muscle
" fiber and causes muscle contraction. A neuron’s ability to receive:and
integrate simultaneous signals - from the environment and other neufons
allows for complex animal behavior. il RO
Plant cell-cell Interactions RS
_ Plant cells are surrounded by cell walls which are barriers for cell-cell
-‘;;’a':l'::(;‘;:?;;?:. ]?};fgs }atizm.er.lls overcome by Specig!iz'ed.-junctions cal\l_ed}
s et ’ y are simi ar-to gap junctions, connecting the cytosol of
~adjacent cells. Small molecules (<1000 Da), such ‘as ions Ao, acide.
-Sugars; can- diffuse freely though plasmodesmata..:TheSe’ i and

PR AR A ’ . , small ‘mole
“Include signaling molecule and transcription factors, The s; o eeulek

ze of the channel
:lfhe permeability -
Including Ca2+

»..-isfalso'reguiated to allow molecuies up to 10,000 Da in size
SRl Ehgese channels is * dependent on many lfaétbrs ;
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~protection against bacteria an

Cell intefactions _between,bacteria
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¢ Ca2+ concentration will reversibly

concentration, An increase in’ cytosoli like gap junctions, the ¢

limit passage through the plasmodesmata: ’Un ntinuous channel called o
membranes of adjacent cells merge to form dt;::ré is an extension of t;n
annulus. Additionally, within the channel o i

: .1 spans between the cells’
b e otubule, which sp Ils,
endoplasmic reticulum, called a desm " Jesmata play an important rolg

; : A3 plasn av st
- The cell-cell interactions facilitated by P forise againgt vital infaetion

in development of plant cells and tissues and ' .
| " Transient Interactions

I'mmune-'System < R R _—
" Leukocytes or white blood cells destroy abnormal cells a'nd a.lso.pr ovide
= d other foreign matter. These interactions are

. |
s an immediate immune response. To fight-

infection, leukocytes must move from the !?l,oo,d into the affected t.lssu;s-. This
movement into tissues is called extravasation. It requires SuccessIve torming
and breaking of cell-cell interactionis between the leukgcytes fmd the
endothelial cells that line blood vessels. These cell-cell interactions are
mediated mainly by a group of Cell Adhesion Molecules (CAMs) called
selectins. N

T helper cells, central fo. the immune system, interact with. othgr ,
leukocytes by releasing signals known as cytokines which activate and
stimulate the proliferation of B cells and killer T celis.T helper cells-also
directly interact with macrophages, cells that, engulf foreign matter and |
display antigens on-its surface. T,-hvelp'er cells that possess the appropriate . |
receptors can bind to these antigens and proliferate resulting in T-helper-cells "
that have the ability to identify the same antigens. i e
Coagulation e Al ‘ :

transitory in nature but are crucial a

 Coagulation or blood clotting relies on, in addition to the production of

' glbr ";’ interactions between platelets. When the endothelium or the lining ofa ~
- .V;ST'_ is damaged, connective tissue including collagen fibers is locally
posed. Initially, platelets stick to the exposed connective tissue through

’ : 4 . nS. l 1S 1S fO“OWCd by platel ivati
. ' YV et aCt ation a“d

:ggtregami)tn ll'f Wthl’:l platelets becon’le (,ll'mly a“a(:hedv and releaselvcl:lem‘cai IS
ha recru llelgllbOI mg platélets to the Site Of VaSClllal' illil‘lry A hW()Ill.( Of
! . mes »

fibrin then forms around this
this a i
of the clot. - iBeregation of platelets to increase the strength

Bacterial populations interacy ; ;

communi ical i | in tissue. The
b icate through physucal interacti ... nner to cells in tissue. They
omoserine lactones and peptide

- regulate growth. A common ex

S as g m y
€ans to / :
ample ang ope op 0! Metabolism and

€ most studied forms of
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S W e S B R b yate that can be
pacterial cell interactions is biofilm. Biofilm is a celll agg.regate‘:‘t o
attached to biological or abiotic surfaces. Bacterla'fvorm !/)l.o_ﬁlms to aa] : o
yarious environments such as changes in substrate avallfibxllty. For ex‘bioltjic;
'the formation of. biofilm increases a bacterial cell's resistance to antl
compared to cells which are not part of the aggregate.
. ' Pathological Implications .
Cancer e TR T .
~ Cancer can result from tli’éfl'oss'of cell-cell interactipﬁ. l'n nor.mal .c':ills,'
growth is controlled by conta_c_i inh_’ibitio'n in 'v'vhi-ch contact .w1th; neighbor *ggA _
cells causes a. stunt in cell growth.- Contact mhnb;tnon l§ ,thought to- 3
‘mediated by cadherins, proteins that play an important role in cell gdheslofl-»
This inhibition prevents cells. from piling up on top. of one anoth.er» and
forming mounds. However, in cancerous cells where expression of .
E-cadherin is lost, contact inhibition is lost and results in uncontrolled growth
or proliferation, tumor formation, and metastasis. 2 :
Bacterial Pathogens - - R | P
In order for pathogenic bactéria to invade a cell, communication with
the host cell is required. The first step for invading bacteria is usually
adhesion to host cells. Strong anchoring, a characteristic that determines
virulence, prevents the bacteria from being washed away before infection
occurs. Bacterial cells can bind to many host cell surface structures such as
slycolipids and glycoproteins which serve as attachment -receptors. Once
attached, -the bacteria begin to interact with the host to disrupt its normal
functioning and disrupt or rearrange its cytoskeleton. Proteins on the bacteria
s_urfacé,cen»i'nteraqt with proteinreceptors.on.the host thereby affecting signal
'ransduction within the cell. Alterations to signaling are favorable to bacteria
Pecause these alterations provide conditions under which the pathoge
gnyade. Many pathogens have Typ
Inject protein toxins into the ho
rearrangement of the cytoskele’to
Disease
Cell—cell interactions are: hiohr. .
Genetic defects n;zgqc:osr;: aT: nighly N
different discase, Dysregy ooy 1 O these
: . ysregulatlon that leads to le

»

n can

st cells. These toxins ulfim

‘ | _ ately lead to -
n and en;ry of the bacteria. L

fic and are tightly regulated, -
Interactions cap cause much

antibodies to desm i e - asé.pem'p'higus vulgari
Woantibodies - SUNEeIn and. other nomal b, - SATS results
bliste; lbOd'l:eS: dlSl:Up[.the 'adhesion betwée' (‘)mla'l b()dly protclns.. The

e HI secretion systenis which cap directly
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L 58 Q.15.What is programmed cell death? What are t_he:ty'p'es _
e Programmed cell death? . ™
Ans. Programmed cell-death (or PCD) is death of a cell in any g
mediated by an intracellular program. PCD is carried out in a regulsteg
process, which usually confers advantage  during an Organjsy,
~life-cycle. For examiple, the differentiation of fingers and toes j, i
deVe,lOping human embryo oceurs because cells between' the fingers
apoptose; the result is. that the digits are separate.” PCD “serye
fundamental functions during both plant and metazoa (multicelyl,,
animals) tissue development. Apoptosis and autophagy are both o,
of programmed cell death, but-hecrps-is is a non-physiological Process
that occurs as a result of infection or injury. ’ £ 3
Necrosis is the death of a cell caused by external factors such as traumg
or infection and occurs,' in. several different forms. Recently a form of
progrzimmed necroSis, called necroptosis, has been recognized as an alte'matej
form of programmed cell death. It is 'hypothesiz_gd that necroptosis can serve
- as a cell-death backup to apoptosis when the apoptosis signaling is blocked
-by endogenous or exogenous factors: such as viruses or-mutations.
flypes™ - N T '
1. Apopt,osis"'or:'Typé I cell-death. , ]
- 2. Autophagic or Type II cell-death. (Cytoplasmic: characterized by the |
formation of large vacuoles that eats away organelies in a’»speﬁciﬁc secjuéncelg
*_-prior to. t_he_-_deStruction‘_,o.i’ the nucleus.) ) F ;

W TG N AT RS Y &
. Apoptosis is the process of programmed cell death (PCD) that may
- “oceur i multicellular organisms. Biochemical events Iead to characteristic
- cellchanges (morphology) and death. These changes include blebbing, el
- shrinkage, nuclearfragmentation, chromatin condensation, and chromosomal
" DNA fragmentation. It is now thoy ght that- in a developmental contéxt- cells
are induced to positively commit suicide whilst in a homeostatic context; thé
absence of certain survival factors may provide the impetus for suicide There
 ‘@ppears to be some variation in the morphology and indeed the biochemisty
- of these suicide pathways: some treédih‘g the path of « i s others
- following a more generalized pathway to delction. b aPQPtosns._, beiﬁg‘
 genetically and synthetically motivated, Thers 1. 7 20 POth usually be
symptoms of “apoptosis” such as endoy A i
: gdulcg:ed “without engaging ‘a geneti ?-F'S‘keés,e.}gct_‘watmn' can be spur{ou_sl)’.

o £




187

.' w www.dreamtopper.in S

T s

putophagy reliads g aka il or il

5 -Ma'croautophagy, often referred to as autophagy, is a cata‘bolic process. .
degradation of bulk

hat results in_ the autophagosomic-lysosomal

""cy;tbplasnﬁc contents, abnormal pro;ein aggregates, an

~“organelles. _ ] | -
- Autophagy is generally 4ctivated by conditions of nutrient deprivation
but has also been associated with physiological as well as pathological
processes such as development, differentiation, neurodége]ierative diseases.
stress, in'fection:anﬁc!acanc;er.. ‘ . b
_ Mechanism, ' ; CEAs
A critical regulator of autophagy iduction is the kinase mTOR, which
when activated, suppresses autophagy and when not activated promotes it.
.Three'rélatedserine/threonine kinases, UNC-51-like kinase-1, -2, and -3
(ULKI1, ULK2, UKL3), which play a similar role as the yeast Atgl, act
downstream of the mTOR complex.ULK1 and ULK2 form a large complex
~ with. the mammalian ‘homolog of an autophagy-related (Atg) gene product
‘(mAtgl3) and the. scaffold" protein FIP200. Class 11I PI3K complex,
~ containing hVps34, Beclin-1, p150 and Atgl4-like protein or ultraviolet
~ irradiation resistance-associatea gene (UVRAG), 1s required for the

- induction of autophagy.
The ATG genes control the autophagosome formation thfough

ATG12-ATGS and LC3-IT (ATGS-II) complexes. ATG 12 is conjugated to -

- .ATG5 in a ubiquitin-like reaction that requires ATG7 and ATG10. The

Atg12-Atg5 conjugate then interacts non-covalently with ATG16 to form a

. large complex. LC3/ATGR is cleaved at its C terminus by ATG4 protease to

generate  the cytosolic’  LC3-L. LC3-1 is  conjugated  to

phosphatidylethanolamine (PE) also in a.ubiquitin-like reaction that requires
Atg7 and Atg3. The lipidated form of LC3, known as LC3-11, i e

.t'_he autophagosome membrane. A * 4 ; éttaChEd -

“ Autophagy and apoptosis : ' ositin
and ektensivegc);osstalllz elj(istssl:er;vceoe?ln:;;efw?t?)pqsnwely iy nd negatively,
. During nutrient deficiency,

autophagyfuncti ¢ Ve ‘
phagyfunctions as .a pro-survival mechanism, however, excessive d
. 5 , 3

- autophagy may lead to cell death, .a pr |
: 7 ; : : , -a process morphologic: *
:‘}:(;pt'os;. Seyeral pro-apoptotic S_ignals; such asrg'l\?l{‘oﬁfgj}gl_,dlsunm it
w850 e Opagy  Adlionellys Bel:2. inhibits Becll o TARD,
autophagy, therqby functioning both as a - _ beclin-1-dependent
. anti-autophagic regulator. pro-survival and as ap
' Othelf Types e v '

.. -Besides the above tw.o‘ e e

] : \ : t es v y i
dlchvgred. ‘Called “non-a py(fpt:)tl(;f P CD, other path‘ ays have be

s . Called. . " en

- Programmed  cell.geayh> (or

d excess or damaged |

e ea—
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“caspase- 83'

alteig::ev;n?oependem programmed cell- death” or. necroptosns”) theg,
either b Utes to death are as efficient as apoptosw and can funcuon

: ackup mechanisms or the main type of PCD. : %

Other forms of progr. ammed cell death mclude anoikis, almost 'dentnc l

to apoptOSlS except in its induction; cornification, a form of cel| death

exclusive to the eyes; excntotomcnty, fenoptosxs, an iron- dependent fom] of

‘.cell death and Wallerian degeneration.”
Plant cells undergo particular processes of PCD similar to autOphaglc
celi death However, some common features of PCD aré highly conservcd in

both planta and metazoa. "

Atrophic Factor . -
' An atrophic factor is a force that causes a:cell to die. Only natural forces

on the cell are considered to be atrophic factors whereas, for example, agents
of mechanical or chemical abuse or lysis of the cell are consider ed not to be

atrophlc factors. Common types of atr Opth factors are:
1. Decreased workload ' :

. Loss of innervation

Diminished blood supply

Inadequate nutrition

Loss of endocrme stlmulatlon

Semhty

Compx ession

Role of PCD in Neural Development _ ‘
- PCD -in the developing nervous- system has been observed i

proliferating as well as post-mitotic cells. One theory suggests that PCD i isan -

I A it o

adaptive mechanism to regulate the number of progenitor cells. In humans. '

PCD in progenitor cells starts at gestational week 7 and remains until the f rst
trimester. This process of cell death has been identified in the germmal areas
of the cerebral cortex, cerebellum, thalamus, bramstem and spmal cord

among other regions. At gestational weeks 19-23, PCD is observed in

post-mitotic cells. The prevailing theory explammg thxs observatlon is the

~neurotrophic theory which states that PCD is required to optimize' the
connection between neurons and thejr afferent inputs and effeim tﬁa"r'g'f‘:v‘tS';f |
Another theory proposes that. developmental PCD in . the ﬁérvbus*éysté m

“occurs in order to correct for errors in neurons th

innervated incorrect targets, or have axong that
finding. It is possible that PCD durmg the develo
" serves different functions determmed by the de

and even specics. Velopmental stage, cell type .
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The Nemtmphlfc Bty : o : : d to ex' lain the
" The neurotrophic theory.Is the leadmg hypothesis us,f? ] p i

" jeof programmed cell death in the developing nervous sys}en?. tpos' e
i ¢ in order to-ensure optimal innervation of targets, a surplus of neyrons is
ttl:;t prodﬁced which then compete fo.r Iimiteq qua.nti.ti_es (}f Pro;c_i:tll;!e
qeurotrophic factors and only a fraction survive while ot.le(,;s 1'hezj'
programmed cell death. Furthermore, the theory s_t‘ates that pre -etermfl o
factors regulate the amount of neurons that survive anq the size fcz 1 1.r
innervating neuronal population directly correlates to tl}e influence o t1¢1‘

target field. 5 _ : | .

The underlying idea that target cells secrete attractive or inducing
factors and that their growth cones have a chemotactic sensitivity was first put
forth by Santiago Ramon y Cajal in 1892. Cajal presented the idea as an
explanation for the “intelligent force” axons appear to take when finding their
target but admitted that he had no empirical data. The theory gained more

attraction when experimental manipulation of axon targets yielded death of .

all innervating neurons. This developed the concept of target derived

regulation which became the main tenet in the neurotrophic theory.
‘Experiments that further supported this theory led to the identification of the .

first neurotrophic factor, nerve _growth factor (NGF).

Pe‘rip_heral Versus Central Nervous System

5 SR AR

- Cell death in the peripheral vs-central nervous system

. Differ i i
: ifferent mechanisms regulate PCD in the peripheral ne

)versus'the central nervous system (CNS). Ij; the PNS irVOLls system

l 5 nnervation of
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the target is proportional to the amount.of th
factors NGF and N'T3.Expressio
is sufficient to induce apoptosis in
“speculated that PCD in the PNS |
' factors and thus follow

Programmed cell de

the absence
3 ’depe‘r'ldent

ath in the CNS is not
ic
ratio of excitatory 0 inhibitory
machinery that appears. o
evidence came from an experinment W
transplanted into the mouse neocorteX or cuitu
died at the age of two weeks,
‘undergo apoptosis. Regardless of the
cells undergoing apoptosi
TrkB, a receptor for brain derive
‘cell death. It has also been shown tha

size of

Bax (Bcl-2-associated X protein) a larger

survived compared to wild type mice. Togeth

n'of neurotroph

< the concept of the n

factors but instead relies on intrins ally derived cues. i the neocorte’, 4.4
interneurons is maintained by apoptoy,

e target-released neurogrg.
in receptors, TrkA ?n d Ty e

of their ligands. TherefOre-‘it A
on the release of “?“fotroph;
eurotrophic theory. ¢
dependent,.on e'xtgmargmwth

“be independent of the environment. S“PPOrting !
here interneuron progenitors were eithe, |

red in vitro. Transplanted cejjs

the same age at which endogenous interneurong

the transplant, the fraction of

s remained constant. Furtaermore, disruption of
d neurotrophic factor (Bdnf), did not affeg; |
t in mice null for the proapoptotic factor

-percentage of interneurons
er these findings indicate that

prog.ra-mmed cell dga;h' in-the CNS partly exploits Bax-mediated signaling
and is independent 6f BDNF and the environment. Apoptotic mechanisms n
the CNS are still not well understood, yet it is thought that apoptosis of |

interneurons is a self-autonomous process.

Nervous System Dévelﬁﬁgme_nt_ in the Absence of Programmed

ceil Death

ngram_med’ cell death can be reduced or eliminated in the developing

nervous_system by the targeted deletion " ' ping

N, e geted. eletion of pro-apoptotic genes or by the
. of anti-apoptotic genes. The absence or reduction of PCD can |

~cause seri i - 3
Nenertes ;z:s danaton.ncal malformations: but can also resuly in minimal
S ) ) A e A
of developmen't'e[;iicncdel.n‘g'Ot1 the gene targeted, neuzonal population, and stage
- Excess progenitor cell proliferation that leads to gross brain

) hal as Seen‘ in ca pase ; < () N '
. ) | S - ax o~ - - 1
Wthh deVElOv]p exen h ]y 1 t . i J0r CabpaSC' knOCkoutl lCe \

abnormalities is often let

peripheral ganglia of these mice develo

the involvemerit of caspases in PCD durip,
1o ¥
J I~

‘brain region and cell type. Knockout or inh
: , n

~activating factor 1 (APAF1) p
embryonic lethality. Manipug;t?(])?o;e:u‘ts me
Bax (overexpressjon of Bcl-2 or deletj f ppiost
number of neurons in certain'regions of ?hOfB
trigeminal nucleus, cerebellum, and Spin:ixle

p normally, however, suggesting the'"

he brainstem, spinal-éofd,l?nd‘

deveiopment depends’ on the
ibition of apoptotic. proteast |
malformations and}incr'-ease‘
s regulator proteins Bel-28"

rvous systein such as the ™ etin?
ord. However, PCD of neu®”



 . PCD in the retina while birds do n
veriebrate systems s largel
mechanisms also play a role.

‘, \AA'NW.d'reathjp'pe.f'.in' e 14—1— i

i BioloE
. Al‘fe--‘t';Béx deletion or /
M Jogical or behavioral abriorn® E y
O ressing Bel-2 have generally norme: BE 5 2L tond anxiety. The
,oYare,“,P.- aitment in c()n]p]ex beh'avwrs SlIC}'! ﬂf}‘ ea. it én' adaptch ;
show"l‘mgehavim‘-ali'phenotypcs of these mice suggest "u S

e \ pes s ne -
"anm may be involved to compensate for the excess T

me § . ‘ ' ;
Invertebrates and Vertebrates

e e e inent
51,2 overexpression does not result P e
= v o % . ‘DA ex! c % 3

v - PR 3 ce. . For exar“p ’ iarin]
ormalities In mice. . TER =
i | motor skills and vision and only

REIDNTR § erstanding the
" Learning about PCD in various specie's l'.sczsemlla,] ;‘;‘e‘:t’d::;a:i:;%éus _
oty o O 9 T TCD.
system. During the eVEIOPI=™ = . larity of the asymmetric cell

differe < in different species. The similarity 0 y -
. g:gﬂj ﬁ:g:;:::sﬁl?n_ v ,i¢matodf and the jeech indicates that PCD matha;Jle

an evolutionary significance in the development of the nervous system. [ i
nematode, PCD oceurs inthe first hour of ‘development leading to the
.elimiha,ti\;h of 12% of .non-gonadal cells including neuronal lineages.. Cell
death inarthropods occurs first in the nervous system when ectoderm cells
differentiate and one daughter cell becomes a neuroblastand the other
und'ergoés_époptosi's. Furthermore, sex targeted ¢eli death leads to different |
neuronal innervation of specific organs in males and females. In Drosophila,
PCD is essential in segmentation and specification during development.

. “In contrast to invertebrates, the mechanism of programmed cell death is
found to be more conserved in vertebrates. Extensive studies performed on
various vertebrates show that PCD of neurons and glia occurs in most parts of
th,e,.x_iervous system during developmem. It has been observed before and
during synaptogenesis in the central nervous systgmas well as the peg-ipheral
's‘:;"c;’:: ";Z?ZT;;?:ﬁzﬁ] 2:;::1‘3. a fow diiiferences *b‘et\.wean vertebrate

ple, xhibit extensive arborization followed by
ot. Although synaptic refinement in-

y dependent on PCD,. other evolutionary
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- own peculiarities, such as nucley,
(5 v i cheary e ‘
degradation triggered by the collapse of.the _va,c“ole in tra ary, ,‘ lementg of.

Janneke Balk and Christoph
Sciences, University of Oxfo;‘]d, ot ce
mitochondrial genomeof sun-1lowel _ CDVae bt

~ that mitochond%ia play the same key r ole n vascular planf PCD as in Other
eukaryotic cells. : ‘

PCD in Pollen Prevents Inbreeding v _
During pollination, plants’

i ans to prevent iy,
y e e d that proteins in the pistil on which the pollep

Papaver rhoeas) has reveale : I . o :
'fa:cl;s interact with pollen and trigger PCD in incompatible (i.e., self) pollen.

The researchers, Steven G. Thomas and Veronica E. Franklin-Tong, also

|

B.Se. Biotechnog, | |
] \gy -d

enforce self-incompatibility (SI) ‘as ap -
‘self-fertilization. Research on the corn poppy -

the xylem. er J. Leaver, of the Department of Plang -
arried out research on mutations ip the
lIs. Results of this research Sugges;

found that the response involves rapid inhibition of-pol}en-tubg growth, |

followed by PCD.
In Slime Molds

¥ - The social slime mold Dictyostelium discoideum has the peculiarity of
either adopting a predatory amoeba-like behavior in its unicellular form or |
coalescing into a mobile slug-like form when dispersing the spores that will

~ give birth to the next generation.

The stalk is composed of dead cells that have u}ldergone a type of PCD .A
that shares many features of an autophagic cell-death: massive vacuoles -

forming -inside cells, a degree of chromatin condensation. but no DNA"

fragmentation. The structural role of the residues left by the dead cells is.-

- reminiscent of the. products of PCD in plant tissue.

D. discoideum is a slime mold, part of a branch that might have eﬁerged ;, ‘

from eukaryotic ancestors about a biliion years before the present. It seemis |

that .they emerged after the ancestors of green plants and the ancestors of
fungi and animals had differentiated, Byt ; ' ce

six-chromosome D. discoideum has ad
study of a developmental PCD path

characteristic of apoptosis.
Evolutionary origin -
The occurrence of programmed celj

.. remalns controversial. Some C,a.tego . ) l?l'OtiSts is pOSSibICé butit

unregulated, by necrosis or incidenta] death, -

een observed in the humble, simple, |
dltlonal significance: It permits the
that does not depend on caspases’



g™ of larger eukaryotic cells. It was Lynn Mal:guhs whol ﬁzmﬁiii ::st
lhsaimpioned this theory, which has since become wnflely accepted. ik
gonilinéing evidence for this theory is the fact that mitochondria p;):ss »
H 2 . o Lo ara y
y DNA and are equipped. with genes and replication appare e
" een -risky -for the primitive

"' This_ evolutionary. step would - have b . e
'eukaryotié' ‘cells, which began to engulf the energy-producing bacteria,

well as a perilous step for the ancestors of mitochondria, whlf:c:l b{??:zga;‘”
invade their proto-eukaryotic hosts. This | evi eq s .
between human white blood cells and bacteri 5, inva ﬁ
bacteria are destroyed by the white blood cells; howe ommtj) ;
for -the chemical warfare: waged by ‘prokaryotes th the
consequence known as infection by its resulting damage.

One of these rare evolutionary events, about two billion years before .the
ent, made it’ possible for certain eukaryotes and energy-producing
' tually benefit from their symbiosis.

lls live poised between life and death,

because mitochondria still retain their repertoire of molecules that can trigger
cell suicide. This process has now been evolved to happen only when
programmed. Given certain signals to cells (such as feedback from neighbors,
stress or DNA damage), mitochondria release caspase activators that trigger
the,cell.-death-inducing biochemicak cascade. As such, the cell suicide
mechanism is now crucial to all of our lives. &

: b;,'l':Biology |

process is stil
a. Most of the time
ver, it is not unc

to succeed, wi
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Mitochondriate eukaryotic ce
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