Plaana M embrane
and Cdl Wall

plasma membrane encloses every type of cell, both

prokaryoticandeukaryoticcells. It physically separates

the cytoplasm from the surrounding cellular environ-
ment. Plasma membrane is a ultrathin, elastic, living, dynamic
and selective transport-barrier. It is afluid-mosaic assembly of
molecules of lipids (phospholipids and cholesterol), proteins
and carbohydrates. Plasma membrane controls the entry of
nutrientes and exit of waste products, and generates differences
inion concentration between theinterior and exterior of thecell.
Italsoactsasasensor of external signals(for example, hormonal,
immunological, etc.) and alows the cell to react or changein
response to environmental signals. The cells of bacteria and
plants have the plasma membrane between the cell wall and the
cytoplasm. For cells without cell walls (e.g., mycoplasma and
animal cells), plasma membrane formsthe cell surface.

All biological membranesincludingtheplasmamembrane
and internal membranes of eukaryotic cells (i.e., membranes
bounding endoplasmic reticulum or ER, nucleus, mitochondria,
chloroplast, Golgi apparatus, lysosomes, peroxisomes, etc.) are
similar in structure (i.e., fluid-mosaic) and sel ective permeabil-
ity but differing in other functions.

The plasma membrane is aso called cytoplasmic mem-
brane, cell membrane, or plasmalemma. Theterm cell mem-
brane was coined by C. Nageli and C. Cramer in 1855 and the
term plasmalemma has been given by J. Q. Plowe in 1931.

Diatoms. A glassy outer shell and a
selectively permeable plasma mem-
brane help cells maintain relatively
constant internal conditions.
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ISOLATION AND ANALYSIS

The plasmamembraneisso thin that it cannot be observed by the light microscope. Structure of
the plasmamembrane of various cells has been studied by their isolation from the living systems and
also by their artificia syn-
thesisby usingtheir constitu-
ent molecules (e.g., lipo-
some, see Chapter 4). The
pureandisolated membranes
arethenstudied by biochemi-
cal and biophysical methods.
The purity of isolated mem-
branesis controlled by elec-
tron microscopy, enzyme
analysis and the study of
surface antigens. A variety
of cells such as mammalian
redbloodcell (erythrocytes),
medullated nerve fibres,
Ehrlich mouse ascitestumor
cells, liver cells, striated
muscle, Amoeba proteus, sea
urchin eggs and bacteria,
have been used in studying
the ultra-structure of the
plasma membrane. The
mammalianerythrocytesand
themyelinsheathof thenerve

fibre, however, have pro-
vided the bulk of informa- SEM of neurons. These have been used extensively in

studying the ultra-structure of the plasma membrane.

tion regarding the structure
and properties of the plasmamembrane. For such experiments, human red blood cellsor erythrocytes
havebeen selected by E. Gorter and F. Grendel (1925) for following advantages: these cellsare easy
to obtain and are known to be extremely simple. Since these cells contain no intracellular organelles
or membrane, sotheonly membranestructureto beconsideredisalmost entirely that of thecell surface.
Lastly, the plasma membrane of erythrocytesisrelatively tough and does not readily fragment (See
Lucy, 1975)

Plasmamembranesaremoreeasily isol ated from erythrocytessubjectedto haemolysis. Thecells
aretreated with hypotonic solutions (to be discussed el sewherein the chapter) that dueto endosmosis
produceswelling and thenlossof the heamoglobin content (i.e., haemolysis). Theresulting membrane
iscalledared cell ghost. If haemolysisismild, permeability functionsof themembranecanberestored
by certaintreatment, such aghostiscalledresealed ghost. Butif heamolysisismoredrastic (i.e., there
iscompleteremoval of thehaemogl obin) and thereisno chanceof itsresealing, theresultingmembrane
iscalled white ghost. Whilethe reseal ed ghosts can be used for the study of physiological aswell as
biochemical properties, white ghosts can only be used for the study of biochemical properties.

Thecell wall of yeast, Saccharomyces cerevisiae, can be enzymatically removed by the help of
asnail gut enzyme, and the resultant protoplast serves as a source of plasmamembrane in a manner
similar to that of mammalian erythrocytes.
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CHEMICAL COMPOSITION
Chemically, plasmamembraneand other membranesof different organellesarefoundtocontain
proteins, lipids and carbohydrates, but in different ratios (Table 5-1). For example, in the plasma
membraneof human red blood cell sproteinsrepresent 52 per cent, li pids40 per cent and carbohydrates
8 per cent.

Table 5-1 Chemical composition of some purified membranes (in per centages)
: (Source: Darnell et al., 1986).

Membrane Protein Lipid Carbohydrate

1. Myelin(Nervecell) 18 79 3
2. Plasmamembrane:

(i) Mouseliver 44 52 4

(if) Amoeba 54 42 4

(iii) Human erythrocyte 52 40 8
3. Spinach chloroplast lamellae 70 30 0
4. Mitochondria inner membrane 76 24 0

1. Lipids

Four major classes of lipids are commonly present
intheplasmamembraneand other membranes : phospho-
lipids (most abundant), sphingolipids, glycolipids and
sterols (e.g., cholesterol) (For more details see Chapter
4). All of them are amphipathic molecules, possessing il
both hydrophilic and hydrophobic domains. Therelative membrane
proportions of these lipids vary in different membranes. " proteins
Phospholipidsmay beacidic phospholipids (20 per cent)
suchassphingomyelin or neutral phospholipids (80 per
cent) suchas phosphatidyl choline, phosphatidylserine,
etc. Many membranes contain cholesterol. Cholesterol is
especially abundant in the plasmamembrane of mamma-
lian cellsand absent from prokaryotic cells. Cardiolipin
(diphosphatidyl glycerol) is restricted to the inner mito-
chondrial membrane (see Darnell et al., 1986). g

peripheral
membrane
proteins

2. Proteins Classes of membrane proteins.

Theamount and typesof proteinsinthemembranes
arehighly variable: inthemyelin membraneswhich servemainly toinsulatenervecell axons, lessthan
25 per cent of the membrane mass is protein, whereas, in the membranes involved in energy
transduction (such as internal membranes of mitochondria and chloroplasts), approximately 75 per
cent is protein. Plasma membrane contains about 50 per cent protein.

According to their position in the plasma membrane, the proteins fall into two main types :
integral or intrinsic proteins and peripheral or extrinsic proteins, both of which may be either
ectoproteins, lying or exposing to external or extracytoplasmic surface of the plasma membrane or
endoproteins, lying or sticking out at theinner or cytoplasmic surface of the plasmamembrane. The
intrinsic protei nstendto associatefirmly withthemembrane, whiletheextrinsic proteinshaveaweaker
association and are bound to lipids of membrane by electrostatic interaction. On the basis of their
functions, proteins of plasma membrane can also be classified into three main types : structural
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Functions of plasma membrane proteins.

proteins, enzymes and
transport proteins (per-
meases or carriers).
Someof themmay act as
antigens, receptor mol-
ecules (e.g., insulin-
binding sites of liver
plasma membrane),
regulatory molecules
and so on. Structural
proteins are extremely
lipophilic and form the
main bulk (i.e., back-
bone) of the plasma
membrane. Enzymes
of plasma membrane
are either ectoenzymes
or endoenzymesandare

Cell surface receptor

Attachment of
cytoskeleton

of about 30 types

(Table5-2). Transport proteinstransport specific substances acrossthe plasmamembrane and other

cellular membranes.
3. Carbohydrates

Carbohydratesare present only in the plasmamambrane. They are present as short, unbranched
or branched chains of sugars (oligosaccharides) attached either to exterior ectoproteins (forming

glycopr oteins) or to the polar ends of phospholipids at t

he external surface of the plasmamembrane

(forming glycolipids). No carbohydrate is located at the cytoplasmic or inner surface of the plasma
membrane. All typesof oligosaccharidesof the plasmamembraneareformed by variouscombinations

of six principal sugars(all of which areglucose-derivativ

es) : D-galactose, D-mannose, L -fucose, N-

acetylneuraminic acid (also called sialic acid), N-acetyl-D-glucosamine and N-acetyl-D-galac-

tosamine.

Someimportant enzymes present in the plasma membrane (Source : Sheeler
Table 5-2. : .
and Bianchi, 1987).

1. Acetyl phosphatase 11.

2. Acetyl cholinesterase 12.
(Ectoenzyme of erythrocyte)

3. Acid phosphatase 13.

4.  Adenosine triphosphatase 14.

5 Mg* ATPase 15.
(Endoenzyme of erythrocyte)

6. Na'-K*ATPase 16.
(Ectoenzyme of erythrocyte)

7. Adenylatecyclase 17.
(Endoenzyme of erythrocyte)

8. RNAase 18.

9. Alkaline phosphatase 19.

10. Aminopeptidase 20.

Cholesterol esterase
Guanylasecyclase

Monoglyceride lipase

NAD-ase (Ectoenzyme of erythrocyte)
Protein kinase (Endoenzyme of erythrocyte)
Phospholipase A

Lactase

Maltase

Sialidase

UDP glycosidase
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STRUCTURE OF PLASMA MEMBRANE

1. Evolution of Fluid Mosaic Model of Membrane

Theexistence of the plasmamembrane of the cell was difficult to prove by direct examination
before 1930's (when electron microscopy was invented) because of technological limitations. The
membraneisbeyond the resol ution of thelight microscope, rendering amorphological approach of its
study quite unfeasible with this instrument. Thus, most of the experimental approaches have been
provided by only indirect evidencesof theexistenceof suchamembranearoundthecells. Letusnarrate
in brief the saga of evolution of presently well accepted fluid-mosaic model of structure of the plasma
membrane:

1. The plasmolysis of plant cells in hypertonic solutions suggests the existence of the plasma
membrane in the plants.

2. The very fact that a cell, especialy an animal cell which has no cell wall, can exist as a
physically defined entity suggeststhat it must have some sort of boundary around it.

3. The presence of plasma membrane can be inferred because protoplasm leaks out of animal
cellswhen cell surfaceis punctured.

4. After performing some 10,000 experimentswith more than 500 different chemicals, in 1899.
Overton concluded that the peculiar osmotic properties of living protoplasts are due to a selective
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(a) using this apparatus Gortel and Grendel concluded that |_-_
RBCs contained enough lipid to form a bilayer.
(b) bimolecular layer of phospholipids.

solubility mechanism. Hydrophobic compounds entered cells more rapidly than hydrophilic ones.
Overton believed this was because of an outer lipoid layer in which hydrophobic compounds were
more soluble. He correctly speculated that thislayer might contain cholesterol, lecithin and fatty oils.

5. Hober (1910) and Fricke (1925) found that the intact cell had low electrical conductivity,
indicating the presence of alipid layer around it.

6. If alipid containing hydrophilic groups (such as the carboxyl groups of fatty acids or the
phosphategroupsof phospholipids) isdissolvedinahighly volatile solvent (e.g., benzene) and several
dropsof it arethen carefully appliedto the surface of thewater, thelipid spreadsout toformathin, one-
molecule-thick or monomolecular film. In this film, it is found that the hydrophilic parts of each
mol ecul e proj ect into thewater surfaceand the hydrophobic partsaredirected up, away fromthewater.

7. 1n 1917, Langmuir (Nobel Laureate of 1932 in chemistry) fabricated a trough or film
balance(Fig. 5.1) for measuring thespecific minimum surfaceareaoccupied by amonomol ecul ar film

Contents
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of lipid and the force necessary to

compressall thelipid moleculesinto yoke and l"I" torsion
thisarea. Langmuir trough consistsof movable indicator™ - ggfge
ashallow trough filled with water on _ needle o
which lipid substance can be spread _:..; g S0 WIrE
to make a monomolecular film. A B o8 _ ﬁ
barrier canbepushed acrossthetrough - lipid fim on water , b;?r‘iz(:_"' i
to compressthe film. - = _-'

8.1n1925, Gorter andGrendel T T—
extracted the lipids from erythrocyte -

. shallow trough

ghostsof avariety of mammals(such Fig. 5.1. Langmuir trough (after Sheeler and Bianchi, 1987).

as dogs, sheep, rabbits, guinea pigs,

exterior goats and humans) and spread

globular them out on monolayersinthe
protein & . Langmuirtrough. Theseinves-
ulee q-. r tigators discovered that the

N areacovered by thelipidmono-
||||o|dI HH“1HI1.H “ molecular layer filmwastwice
molecule thanwhat wasneeded to cover

the surface of the cells from
lipoid which thelipid was extracted.
Consequently, they safely con-
cluded that erythrocyteswere

covered by a layer of lipids
two moleculesthick (lipid bi-

layer or bimolecular lipid

‘ a. .ﬂ!: .:._i__ -1 |'4.II layer) oriented with polar

groups toward the inside and
- y u Sinterior S~ ) outside of the cell.
Fig. 5.2. Theorigina Danielli-Davsonmodel (1935) of membranestruc- : g
ture. The bimolecular layer of lipid moleculesis of undefined f t9, I_3y St?dglng |t:1e sur
thickness and is covered on each side by a continuous layer of ace tension of cells (Harvey

globular proteins (after De Witt, 1977). and Cole, 1931, Danielleand
Harvey, 1935) suggested the

presence of proteinsin

glycoprotei n

Danielli and Davson, backbone k=

proposed a model, i _ -

called sandwich . — I |1 i -_Ilpld
model, for membrane . J layers

structure in which a =

lipidbilayer wascoated A B protein layers c
on its either side with
hydrated proteins

a ciali = |
the plasmamembrane, . osaCCharide 1 M " sialic acid termini
in addition to the lip- e ., e . 1=~
ids, -i

10. In 1935, E 'J ' . '.

Fig. 5.3. Thestructure of plasmamembrane as observed A—at low magnification
(globular proteins) of electron microscope; B— at high magnification of electron microscope.

9 P . ' C—trilaminar model of plasmamembrane showing possiblearrangement
Mutual attraction be- of the lipid, protein and oligosaccharide molecules in the plasma mem-
tweenthehydrocarbon brane (after De Robertis et al., 1970).
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chains of thelipidsand electrostatic forces between the protein and the “ head” of thelipid molecules,
were thought to maintain the stability of the membrane. From the speed at which various molecules
penetrate the membrane, they predicted the lipid bilayer to be about 6.0 nm in thickness, and each of
the protein layer of about 1.0 nm thickness, giving atotal thickness of about 8.0 nm.

The Danidlli-Davson model got support from electron microscopy (Fig. 5.3). Electron micro-
graphs of the plasma membrane showed that it consists of two dark layers (electron dense granular
protein layers), both separated by alighter areain between (thecentral clear areaof lipid bilayer). The
total thickness of the membranes too turned out to be about 7.5 nm.

11. Using evidence from various el ectron micrographs, Robertson in 1960, proposed the unit
memb-ranehypothesis(Fig5.4). Thishypothesisstatesthat all cellular membraneshaveanidentical
trilaminar structure (or dark-light- dark or railway track pattern, see Thor pe, 1984). However,
thickness of the unit membrane has been found to be greater in plasmamembrane (10 nm) thanin the
intracellular membranes of endoplasmic reticulum or Golgi apparatus (i.e., 5to 7 nm).

12.S.J.Singer and G.L .Nicolson (1972) suggested the widely accepted fluid maosaic model of
biol ogical membranes. Accordingtothismodel (Fig. 5.5), the plasmamembrane containsabimolecu-
lar lipid layer, both surfaces of which areinterrupted by protein molecules. Proteinsoccur intheform
of globular moleculesand they are dotted about here and therein amosaic pattern. Some proteinsare
attached at thepolar sur-
faceof thelipid(i.e., the

Fig. 5.4. Schematicdiagram of theRobertsonmodel of membranestructure.
The lipid layer is defined as bimolecular, and the protein is
extended but different on the two faces of the membrane (after
Thorpe, 1984).

"u t

- I- el S S PrOtEN extrinsicproteins); while
pgm n " " = u others(i.e., integral pro-
hvdrophil teins) either partialy

hydrophobic ydrophilic .
tails of lipid r_ - - head group penetrate the bilayer or
of lipid span the membrane en-
tirely tostick out onboth
| .| - . sides(calledtransmem-
_.'_..li_'. 1 .l_ - k) __-_ — brane proteins). Fur-

ther, the peripheral pro-
teins and those parts of
theintegral proteinsthat
stick on the outer sur-
face (i.e., ectoproteins)
frequently contain

chainsof sugar or oligosaccharides(i.e., they areglycoproteins). Likewise, somelipidsof outer surface

areglycolipids.

Thefluid-mosaic mem- oligosaccharide

braneisthoughttobeafarless - "
rigid than was originally sup- -
posed. Infact, experimentson
its viscosity suggest that it is
of a fluid consistency rather
likethe oil, and that thereisa
considerable sideways move-
ment of the lipid and protein
molecules within it. On ac-
count of its fluidity and the
mosaic arrangement of pro-

integral
proteins
L
peripheral
protein

cholesterol

phospholipid

tein molecules, thismodel of
membrane structureisknown

A current representation of the plasma membrane as
proposed by Singer and Nicolson.
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asthe“fluid mosaic model” (i.e., it describesboth properties and organization of the membrane)
fluid mosaic model isfound to be applied to all biological membranesin general, and it is seen

.The

asa

dynamic, ever-changing structure. The proteins are present not to give it strength, but to serve as
enzymes catalysing chemical reactions within the membrane and as pumps moving things acrossit.

Fig. 5.5. Fluid mosaic model of the plasma membrane. A — Simplistic view; B— Complex view
(after Berns, 1983; Sheeler and Bianchi, 1987).
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2. Experimental Evidence in Support of Fluid Mosaic Model of Plasma
Membrane

Thereisagood deal of evidence to support the fluid mosaic model of the plasma membrane:

A.Evidencein support of mosaic ar rangement of proteins. Freeze-fracture el ectron micros-
copy of the plasmamembrane by Branton (1968) reveal ed the presence of bumps and depressions (7
to 8 nmin diameter) which are randomly distributed. These were later shown to be transmembrane

integral protein particles (Fig. 5.7). (For details of freeze-fracture technique, see Chapter 2).

B. Evidence in support of fluid property of lipid bilayer. Mobility of membraneproteins
dueto fluid property of lipid bilayer was demonstrated by a classical experiment of D. Fryeand M.
Edidin (1970). They fused two different types of cultured cells having different surface antigens
(proteins). Thecell fusion isachieved by the use of somefusogen such asaninactivated parainfluenza
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virus, called Sendai virus (named
after acity of Japan). A fusogenis
amembranefusion promotingfac-
tor such as Sendai virus,
lysophosphatides, oleic acid and
an electric field. Sendai virus fa-
cilitatesfusion of theplasmamem-
branesand cytoplasmsof bothcells
to produce a hybrid cell or het-
er okaryon with two types of nu-
clel. If thetwo cellsare originally
[abelled with fluorescent antibod-
ies of different colours, such as
fluor escein (green) and rhodam-
ine(red), itispossibleat the onset
of fusion to recognise the parts of
theplasmamembranecorrespond-
ing to each cell. However, inter-
mixing occurs as the antigens are
dispersed and the two colours be-
comelessand lessdetectable. Af-
ter 40 minutes (at 37° C) theinter-
mixing of two coloursiscomplete
andthetwo antigenscannolonger
be distinguished (Fig. 5.6).

3. Role of Lipid Mol-
ecules in Maintaining
Fluid Property of Mem-
brane

(i) Typesof movements of
lipid molecules. Lipid molecules
very rarely migratefromonelipid
monolayer to other monolayer of
lipidbimolecular layer. Suchatype
of movementiscalledflip-flop or
transbilayer movement and oc-
curs once a month for any indi-
vidual lipid molecule. However,
inmembraneswherelipidsareac-
tively synthesized, suchassmooth
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=
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membrane
protein

heterokaryon

antibodies (A) to
human membrane
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J rhodamine [ ]

iy
mouse membrane L
I n B
-
| |

time = 40 minutes

Fig. 5.6. Fryeand Edidin’ sexperiment demonstrating the mix-
ing of plasma membrane proteins on mouse-human
hybrid cells. Intheplasmamembraneof newly formed
heterokaryon, the mouse and human proteins are
intially confined to their own halves, but they inter-
mixed with time (after Alberts et al., 1989).

ER, thereisarapid flip-flop of specificlipid moleculesacrossthebilayer and there are present certain
membrane-bound enzymes, called phospholipid translocator s(e.g., flippase) to catalyzethisactivity
(Bishop and Bell, 1988). On the other hand, lipid molecules readily exchange places with their
neighbours within a monolayer (~ 107 times a second). This resultsin their rapid lateral diffusion.
Individual lipid moleculesr otate very rapidly about their long axes and their hydrocarbon chainsare
flexible, thegreatest degreeof flexion occurring near the centre of thebilayer and the smallest adjacent

to the polar head groups (Fig. 5.8).
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(i) Roleof un-

- E = exterior E half
saturated fatsinin- P = protoplasm -
creasngmembrane F = fracure face carbohydrate . _.%
fluidity. A synthetic chain I_.'
bilayer made from a g ‘ o
single type of phos- T =
pholipid changes " i
fromaliquid stateto mﬁﬁir?a?e ' | L " ;.lH ﬁ_ g'rf?er?:
arigid crystalline or ot = :
gel (viscous) state at = . I:. !

a characteristic ||p|d -

freezing point. This bilayer ..Ei .

change of state is .

caledaphasetran- cytoplasm I.-.:l- =B i

sition and the tem- . — — e .l ]

perature at which it ;-half

:)o(\:,f,:; r?f tﬁ:‘;g/[;f Fig. 5.7. Freezefractur.i ng of the plasmamembrane. Thefracture.pl aneoccursat the
; centre of thelipid bilayer and passes over (or under) theintegral membrane

carbon chains are proteins. E=exterior, P=protoplasmic (cytosolic) side, F=fracture face

short or havedouble (after Sheeler and Bianchi, 1987).

bonds. Doublebonds

in unsaturated hydrocarbon chainstend to increase thefluidity of aphospholipid bilayer by making it
moredifficult to pack the chainstogether. Thus, to

ELLEXTERIOR +ansverse diffusion (ﬂ,p_ﬂop) maintain fluidity of the membrane, cells of organ-
"u (~105sec) 5 ismsliving at low temperatures have high propor-
tionsof unsaturated fatty acidsintheir membranes,
than do cells at higher temperatures.

In fact, certain membrane transport pro-

Il cesses and enzyme activities are found to cease
| whentheli pidbilayer’ sviscosity increasesbeyond
i athresholdlevel (Kimelberg, 1977). Incontrast, if
il lipidbilayer’ sfluidity isincreased, themembrane's
d Iateral diffusion
Lateral s
e e e I AL
cyTosoL *® o -k | i _
The possible movements of phOSphOleIdS in a I I | I | | I -I I:!g;zg,p
membrane. § oceurs)
receptorsfor the hormone are withdrawn from the o | I .'|
cell surface, thereby hampering hormone action
(see Sheeler and Bianchi, 1987). i
(iii) Role of cholesterol in maintaining
fluidity of membrane. Eukaryotic plasma mem-
branes are found to contain a large amount of flexion mt""“o”
cholesterol; upto onemol eculefor every phospho- Fig. 5.8. Thetypesof movement possiblefor
lipid molecule. Cholesterol mol eculesorient them- phospholipid molecules in a lipid
selvesin the lipid bilayer in such away that their bilayer (after Alberts et al, 1989).
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hydroxyl groups remain close to polar head
groups of the phospholipids, their rigid
plate-likesteroidringsinteractwithandpartly
immobilise those regions of hydrocarbon
chains that are closest to the polar head
groups, leaving therest of thechain flexible
(Fig. 5.9). Cholesteral inhibits phase transi-
tionby preventing hydrocarbonchainsfrom
coming together and crystallizing. Choles-
terol also tendsto decrease the permeability
of lipid bilayersto small water-soluble mol-
ecules and is thought to enhance both the
flexibility andthemechanical stability of the
bilayer.

4. Membrane Asymmetry

Both lipid and protein moleculeshave
irregular distribution in both monolayers of

e PR i !
W N
n n I n
| - [l
1L I I 'L i | ' .I i
i il | i ==l
" j - . II i = . - i1
b =0 N
il I 21
| I
TR LSPR DT LN [ T
1 I - | n I I n ' I | ] n
n I . - I n I -
T e IJ..
| | | | I
1 L N .
i LI
gl - S
The cholesterol molecules of a membrane are oriented with
their small hydrophilic end facing the external surface of
the bilayer and the bulk of their structure packed in among
the fatty acid tails of the phospholipids.

thelipid bilayer, thisis called membrane asymmetry.
A.Phospholipid asymmetry in plasmamembrane. Thelipid composition and state of fluidity
of two halves of the lipid bilayer are found to be strikingly different. For example, in human

Cil polar o
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planar
steroid
ring
structure

nonpolar
hydrocarbon
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Fig. 5.9. Cholesterol molecule(schematic)interactingwith
two phospholipid moleculesinamonol ayer (after

Alberts et al., 1989).

erythrocyte’ s plasma membrane, outer
half contai nsthose phospholipidswhich
have more saturated fatty acid chains,

. Eg':é and inner half contains those phospho-
group lipids which contain terminal amino
groups and less saturated fatty acid
cholesterol chains. As aresult, inner monolayer is
stiffened more fluid than the outer lipid mono-
region layer. Suchaphospholipidasymmetryis
generated in smooth ER. The asymme-
try of glycolipids such as
galactocerebroside, ganglioside, etc., in
more | myelin sheath of nerves (i.e., they are
fluid 1 tound only in the outer half of lipid

rigid ) . . .
region | bilayer) is found to be originated in

lumen of Golgi apparatus. The specific
roleof lipidasymmetry of themembrane
isstill not clear.
B.Proteinasymmetryinplasma
membr ane. Theouter andinner sidesof

the plasma membrane and other mem-

branes do not contain either the same types or equal amounts of the various peripheral and integral
proteins, e.g., erythrocyte' s plasmamembrane.

Proteins of plasma membrane of erythrocytes. When the extracted proteins of the plasma
membrane of human erythrocytes (RBC) are studied by SDS polyacrylamide-gel electrophoresis
(SDS = sodium dodecy! sulphate ; a detergent), approximately 15 major protein bands are detected,
varying in molecular weight from 15,000 to 25,000. M ost of these proteins are found to be peripheral
proteinsof cytosolic face of the plasmamembrane. Important properties of some of theseproteinsare

thefollowing:
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(i) Spectrin and other cy-
toskeleton proteins. Spectrin is
theprincipal component of thepro-
tein meshwork (cytoskel eton) that
underliesthe erythrocyte’ splasma
membrane (Fig. 5.10). It, thus, |tropomyosin
maintains the structura integrity
and biconcave shape of this mem-
brane (Branton et al., 1981).
Spectrin islong, thin, flexible rod
about 100 nm in length. It consti-
tutesabout 25 per cent of themem-
brane associated protein mass
(about 2.5 x 10° copies per cell).
Spectrinisaheter odimer andcon-
sistsof two non-identical, antipar-
alel, loosely intertwind, flexible |

actin

polypeptidechains,i.e., o—spectrin “  bpand3

(~ 240,000 daltons M.W.) and -
spectrin (~220,000daltonsM.W.),
both being attached non-coval ently

ankyrin

glycophorin A

The plasma membrane of the human erythrocyte.

f band4.1

to each other at multiple points
including their ends (i.e., phosphorylated ‘head’ and ‘tail’).

The spectrin heterodi mers sel f-associate head-to-head to form 200 nm long tetr amer s. Thetail
endsof fiveor six spectrintetramersarelinkedtogether by bindingtoshort actin filaments(alsocalled
band 5 proteins; with 43,000 dalton M.W.) and each with 15 actin monomersand to another protein,
called band 4.1 protein (82,000 dalton M.W.). Thesethree proteinsform the“junctional complex”
of deformable, net-like meshwork of the cytoskeleton. Further, the binding of spectrin cytoskeleton
tothecytosolicfaceof theerythrocyte’ splasmamembranedependsonalargeintracellular attachment

protein, called ankyrin (or o chain
band 2.1 protein; 210,000 R " x
daltonM.W.). Ankyrintends 2 _"l
to bind to both B-spectrin .P_.E'_ e e
and to the cytoplasmic do- = =i Bchain flexible link

. A between domains
main of a transmembrane

106 amino
acid long domain

COOH
u

NH,

protein, called band 3 pro-
tein (Shen et al., 1986).
(i) Glycophorin. It
is a smal transmembrane
glycoprotein (single-pass
membrane protein) having
mol ecular weight of 55,000
daltons and 131 amino acid
residues. Thisprotein bears
about 100 sugarson 16 sepa-
rate oligosaccharide side
chains (90 per cent of which
issialic acid). Despitethere
being more than 6 x 10°

junctional
complex

spectrin
dlmer - -Hf
actln
;- .-'
ankyrln band 4.1

band 3 9glycophorin

Fig. 5.10. A—One spectrin molecule from human red blood cell; B—
Schematic drawing of the spectrin based cytoskeleton on the
cytoplasmic side of the human red blood cell membrane.
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exterior
surface

bilayer

interior
surface

Glycophorin A, an integral protein with a single
transmembrane domain.

glycophorin moleculesper céll (i.e.,
erythrocyte), their exact functionis
still not known. However,
glycophorins are found to contain
certain antigenic determinants (car-
bohydrates) for the ABO blood
groupsand M N blood groups. Fur-
ther, sialic acid confersahigh nega-
tive charge to the cell surface of
erythrocyte. This sugar may be im-
portant inthelife cycle of the eryth-
rocytes as it has been shown that
cellslosesiaicacidasthey ageinthe
circulatory system. Correlated with
this is the observation that loss of
sialic acid is a signal for removal
and destruction of an erythrocyte by
the spleen and liver. In thisway the
life span of red blood cells may be
regulated (see King, 1986).

(iif) Band 3 protein. Likethe
glycophorin, band 3protein (93,000

daltons M.W.) is atransmembrane protein, but it isamultipass membrane protein, i.e., its highly
folded polypeptide chain (about 930 amino acid long) extendsacrossthelipid bilayer at least 10times.
Each human erythrocyte contains about 10° and band 3 proteins, each of which forms either adimer
or tetramer in the membrane. Band 3 protein acts as the anion exchange channelsin the membrane.
As the erythrocytes pass through the lungs, they exchange bicarbonate (HCO™) for chloride (CI-)
through these hydrophilic channels during the process of CO, release (chloride shift).

5. Constraints on the Motility of Membrane Molecules

Inthefluid mosaic plasmamembrane,
thereis not complete and independent free-
dom of movement for its different compo-
nent molecules. Themobility of somepart of
lipid molecules is constrained since that
remainstightly boundto someof theintegral
membrane proteins. For example, the mo-
bility of lipid molecules surrounding cyto-
chromeoxidase (anenzymeinvolvedinthe
synthesis of ATP) are immobilized by the
enzyme and makes boundary lipid layer.
The immobilized boundary lipid makes 30
per cent of membranelipidinthemitochon-
drial membrane.

In contrast to lipids, the mobility and
distribution of proteinmoleculesinthemem-
brane is controlled by various ways : (1)
Certainproteinsof membraneareconstrained
by protein-protein interactionsto form spe-

Fig. 5.11. Inter-cellular space.
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cialized ordered regions, representing 2 to 20 per cent of themembrane of asystem, e.g., gapjunctions,
synapsis of neurons and plagues of halobacteria. (2) Certain peripheral proteins (endoproteins) may
form a bridge-like lattice work between integral proteins and restrict their lateral mobility, e.g.,
spectrin-ankyrin-actin cytoskel etal meshwork providesarigidity to the membrane of human erythro-
cytesand doesnot permit theclustering or cappingof integral proteinswhentheappropriateantibodies
or lectinsare added. (3) In nucleated eukaryotic cells, the mobility of the peripheral endoproteinsand
integral proteinsisrestrained by their attachment to the ectoplasmic cytoskel eton. The cytoskeletonis
extensive, including myosin filaments, actin filamentsand micr otubules (Fig. 5.10). Rearrangement
of cytoskeletal components just below the cell surface manifests in the distribution of integral
membrane proteins and also in the cellular motions, endocytosis and exocytosis.

Theinter-cellular space. Inthetissuesof multicellular animals, the plasmamembranes of two
adjacent cells usually remain separated by a space of 10 to 150 A° wide. Thisinter-cellular spaceis
uniform and contains a materia of low electron density which can be considered as a cementing
substance. This substance is found to be amucopolysaccharide (Fig. 5.11).

ORIGIN OF PLASMA MEMBRANE

Thereis hardly any cell structure more important to the immediate health of the cell than the
plasmamembrane. If it isweakened or injured, the cell losesits ability to maintain gradients, to carry
out the selectivetransport of nutrients, and to contain the pool of enzymesand organellesessential for
the homeostasis. In consequence, new membranes may be added to existing membranes without
altering the functions as a barrier and selective transporter. Also for maintaining the characteristic
membrane asymmetry, the membrane must be assembled with precisely the correct moleular topog-
raphy.

Thus, all cellular membranesgrow from pre-existing membraneswhich act astemplatesfor the
addition of new precursors. All cells divide, daughter cells receive afull complement of membrane
systems which undergo growth until the next division, to be passed on to subsequent progeny.
M eanwhile the molecul es within the membrane undergo continuous replacement.

The protein molecules of the plasma membrane are synthesized on both attached and free
ribosomes. Proteins synthesized by free ribosomes may be inserted into the plasma membrane
followingtheir completion and rel easefrom theribosomes. Proteinsof plasmamembrane synthesized
on attached ribosomes of rough ER areinserted firstinto themembrane of RER and thentransferred
to the Golgi apparatus, processed there (e.g., glycosylation) and ultimately are dispatched to the
plasmamembraneviathe secretory vesicles. Likewise, the synthesisof phospholipid mol eculesof the
plasmamembranetakesplaceby thesmooth ER (SER). Liketheproteins, newly synthesizedlipidsare
insertedinto SER membranes, thenthey arepassed to Gol gi apparatusfor theprocessing and ultimately
aredispatchedtotheplasmamembraneviasmall secretory vesicles. Thecytosol al so containsanumber
of phosphoalipidtransport proteinsthat functiontotransfer phospholipid moleculesfromonecellular
membrane to another (e.g., from ER membranes to plasma membranes) (see Sheeler and Bianchi,
1987).

In fact, the process of glycosylation (or glycosidation, i.e., addition of oligosaccharides
containing the sugars such as galactose, fucose and/ or sialic acid, to the molecules of proteins and
phospholipids of the plasmamembrane) iscompleted at thelevel of Golgi apparatus. However, some
sugars are added to the proteins in the lumen of RER.

FUNCTIONS OF PLASMA MEMBRANE

The plasma membrane acts as a thin barrier which separates the intra-cellular fluid or the
cytoplasm from the extra-cellular fluid in which the cell lives. In case of unicellular organisms
(Protophytaand Protozoa) the extra-cellular fluid may befresh or marinewater, whileinmulticellular
organisms the extra-cellular fluid may be blood, lymph or interstitial fluid. Though the plasma
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membraneisalimitingbarrier aroundthecell butit performsvariousimportant physiol ogical functions
which areasfollows:

1. Permeability. Theplasmamembraneisathin, el astic membranearoundthecel | which usually
allows the movement of small ions and molecules of various substances through it. This nature of
plasmamembraneistermed aspermeability. According to permeability following typesof theplasma
membranes have been recognised :

() Imper meableplasmamembr anes. Theplasmamembraneof theunfertilized eggsof certain
fishes alows nothing to pass through it except the gases. Such plasma membranes can be termed as
impermeable plasmamembranes.

(i) Semi-per meableplasmamembr anes. Themembraneswhichallow only water but nosolute
particleto passthrough them are known as semi-permeable membranes. Such membraneshave not so
far been recognised in animal cells.

(ii1) Selective per meable plasma membr anes. The plasmamembrane and other intra-cellular
membrane are very selective in nature. Such membranes allow only certain selected ions and small
mol ecules to pass through them.

(iv) Dialysing plasma membranes. The plasma membranes of certain cells have certain
extraneous coats around them. The basement membranes of endothelial cellsarethe best examples of
extraneous coats. Thistype of plasmamembrane having extraneous coatsaround it, actsasadialyzer.
In these membranes the water molecules and crystalloids are forced through them by the hydrostatic
pressure forces.

Mode of Transport Across Plasma Membrane

The plasma membrane acts as a semipermeabl e barrier between the cell and the extracellular
environment. Thispermeability must behighly selectiveif itisto ensurethat essential moleculessuch
as glucose, amino acids and lipids can readily enter the cell, that these molecules and metabolic
intermediates remain in the cell, and that waste compounds leave the cell. In short, the selective
permeability of the plasma membrane allows the cell to maintain a constant internal environment
(homeostasis). Inconsequence, inall typesof cellsthereexistsadifferenceinionicconcentrationwith
the extracel lular medium (Table 5-3). Similarly, the organelles within the cell often have adifferent
internal environment from that of the surrounding cytosol and organelle membranes maintain this
difference. For example, in lysosomes the concentration of protons (H*) is 100 to 1000 times that of

Table 5-3 Comparison of ion concentration inside and outside of a typical mammalian cell
able 5-s. (Source: Maclean and Hall, 1987).

Component Intracellular Extracellular
concentration (mM) concentration (mM)

Cations:

Na* 5-15 145

K* 140 5

Mg?* 30 1-2

ca?* 1-2 255

H* 4x10—° 4x10—°

(pH 7.4) (pH 7.4)

Anions* :

Cl— 4 110

*  Sincethe cell must contain equal positive and negative charge(i.e., be electrically neutral), the large deficit
in intracellular anions reflects the fact that most cellular constituents are negatively charged, e.g.,
HCO,; PO,%; proteins, nucleic acids, metabolites carrying phosphate and carboxy! groups, etc.

Contents



PLASMA MEMBRANE AND CELL WALL 127

the cytosol. This gradient is maintained solely by the lysosomal membrane. Transport across the
membranemay bepassiveor active. It may occur viathe phospholipid bilayer or by thehelp of specific
integral membrane proteins, called per meases or transport protens.

A. Passivetransport. Itisatypeof diffusioninwhichanion or moleculecrossingamembrane
moves down its electrochemical or concentration gradient. No metabolic energy is consumed in
passive transport. Passive transport is of following three types:

@) (b)

The effects of osmosis on a plant cell. (a) hypotonic : normal turgor pressure;
(b) hypertonic : no turgor pressure.

1. Osmosis. The plasmamembraneis permeabl e to water molecules. Theto and fro movement
of water molecules through the plasma membrane occurs due to the differences in the concentration
of the solute on its either sides. The process by which the water mol ecul es pass through amembrane
from aregion of higher water concentration to the region of lower water concentration is known as
osmosis(Gr., osmos=pushing). The processin whichthe water moleculesenter intothe cell isknown
asendosmosis, whilethereverse processwhich invol vesthe exit of thewater moleculesfrom the cell
isknown asexosmosis. In plant cellsdueto excessive exosmosi sthe cytoplasm along with the plasma
membrane shrinks away

fromthecell wall. Thispro-
cessisknownasplasmoly-
sis (Gr., plasma=molded,
lysissloosing) (Fig. 5.13).

A cdll contains vari-
ety of solutesin it, for in-
stance, the mammalian
erythrocytes contain the
ionsof potassium (K™), cal-
cium (Ca*), phosphate
(PO,"), dissolved haemo-
globinand many other sub-
stances. If the erythrocyte
isplacedina0.9% solution
of sodiumchloride (NaCl),
then it neither shrinks nor
swells. In such case, be-
causetheintra-cellular and
extra-celluar fluidscontain
same concentration and no
osmosis takes place. This

a) solutes more
concentrated RBC

b) solutes concen-
trations equal inside
and outside RBC

= H,©n

L

Osmosis and the RBC.

c) solutes less
concentrated
outside RBC

H,0
|

H,0
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Fig. 5.12. Schematic diagram showing various types of transports across the membrane : simple diffusion,
passive transport (down an electrochemical gradient) and active transport (against an electro-
chemical gradient) (after Alberts, et al., 1989).

typeof extra-cellular solution

cell wall = -.-.: B o | e aal '-_ " or fluidisknown asisotonic
plasma "r. I | ' LT _l:_.-'i' solqu_n or fluid. Ifthe_cor_l-
membrane .'l+. 3 F centrationof NaCl solutionis
nucleus - .‘ increased above 0.9% then
vacuole = F I' ? _-ﬂ | theerythrocytesare shrinked
I iy L] due to excessive exosmosis.

cytoplasm .l-_ .I= - "_ '.I 1 The solutions which have
'_":' : I' . L - higher concentrations of sol-

- A B = L o © | utesthantheintracellularflu-

idsareknown ashypertonic
Fig. 5.13. Plasmolysis and deplasmolysisin plant cells. Plasmolysis oc- yp

curs when a normal plant cell (A) is placed in a hypertonic ol utl0_n3. Further, if thecpn-
solution. Water |eavesthecell and the plasmamembraneshrinks centration of NaCl solution
away fromthecell wall (B,C). If solutescan penetratetheplasma| decreases below 0.9% the
membrane, the cell will eventually regain water—a process| €rythrocyteswill swell updue
termed deplasmolysis (D) (after De Witt, 1977). toendosmosis. Theextra-cel-
lular solutions having less
concentration of the solutes than the cytoplasm are known as hypotonic solutions.

Dueto endosmosis or exosmosisthe water molecules comein or go out of the cell. The amount
of thewater insidethecell causesapressureknown ashydr ostatic pr essur e. Thehydrostatic pressure
which is caused by the osmosis is known as osmotic pressure. The plasma membrane maintains a
balance between the osmotic pressure of the intra-cellular and inter-cellular fluids.

2.Simplediffusion. Insimplediffusion, transport acrossthemembranetakesplaceunaided, i.e.,
mol ecul esof gasessuch asoxygen and carbon dioxideand small molecules(e.g., ethanol) enter thecell
by crossing the plasmamembrane without the hel p of any permease. During simple diffusion, asmall
mol ecul ein agueous sol ution dissol vesinto the phospholipid bilayer, crossesit and then dissol vesinto
the agueous solution on the opposite side. Thereislittle specificity to the process. Therelative rate of
diffusion of the molecule across the phospholipid bilayer will be proportional to the concentration
gradient across the membrane.

3. Facilitated diffusion. Thisisaspecial type of passive transport, in which ions or molecules
crossthemembranerapidly because specific permeasesinthemembranefacilitatetheir crossing. Like
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small molecules

movement of ions and

(a) simple diffusion

equilibrium

(b) carrier-facilitated diffusion

_'_IT

the simple diffu-
sion, facilitated
diffusion does not
require the meta-
bolicenergy andit
occursonly in the
direction of acon-
centration gradi-
ent. Facilitated dif-
fusionischaracter-

red blood ™ = e i | | X
cell ® = -, : ﬁ
.. n
selectivg:y carrier
permeable protein
membrane

Diffusion in the cell.

ized by thefollow-
ing special fea-
tures: (1) the rate
of transport of the

molecule across

themembraneisfar greater thanwoul d beexpected fromasimplediffusion. (2) Thisprocessisspecific;
each facilitated diffusion protein (called protein channel) transports only a single species of ion or

molecule. (3) There is a maximum rate of
transport, i.e., when the concentration gradi-
ent of moleculesacrossthemembraneislow,
an increase in concentration gradient results
in a corresponding increase in the rate of
transport. Currently, it isbelieved that trans-
port proteins form the channels through the
membrane that permit certain ions or mol-
eculesto passacrossthelatter (seeDar nell et
al., 1986).

Examples of Facilitated Diffusion

(i) lonic transport through charged
por es. Nerveconductionispropagated along
the axonal membrane by action potential
which regulates opening and closing of two
main types of ion channels (i.e., channel
proteinswith water filled pores) : Na* chan-
nels (or voltage-gated Na* channels) and
K* channels (or k* leak channels). At the
point of stimulation there is a sudden and
several hundred foldincreasein permeability

glucose
binding
pad B | sl ey
Irk ® 0. O
;'r' l_'-.. —— H"'I'_ sl
recovery l Jerspon
N i l.r.lll e
i L ;
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.y | 4 e | -H-I-
dissociation
e

Facilitated diffusion.

to Nat, which reachesits peak in 0.1 millisecond (i.e., the membrane potential may depolarise from
—90mV and overshoot to + 50 mV). At theend of the period, the membrane again becomes essentially
impermeableto Na*, but the K* permeability increases and thision leaks out of the cell, repolarising
thenervefibre. Inother words, during therising phase of thespike, Na* enter through theNa*" channels,
and in descending phase K* is extruded through the K* channels.

Suchion channelsal so occur inother typesof cellssuch asmuscle, spermand unfertilized ovum.
They arenot coupledtoanenergy source(ATP), sothetransport they mediateisalwayspassive (“down
hill”), allowing specific ions mainly Na*, K*, Ca?* and CI— to diffuse down their electrochemical
gradient acrossthelipid bilayer (Hille, 1984). Further, anion channel is made of integral proteins of
neural membrane. This protein has two functional elements: (1) aselectivefilter which determines
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the kind of ion that will be transported ;

external medium : dehydrated . . .
a P%;Tﬁvsg}?” - g E K3i ion (2) agatewhich by opening and closing
a .

o " the channdl, regulates the ion flow. In
both Na*- and K*- channels, the gating
¢ 1| mechanismiselectrically drivenand is
=l controlled by the membrane potential,

™

|- ol lllalﬂ!l . -1 {1} | without theneed of other energy source.
i) _I i A AT 1 the resting condition (steady state)
" ||| both Na* and K* channels are closed.

ol

With depolarisation, the Na* channel is
5 BREE . nitroxide- opened and during repolarisation, it
i '. g labelled=™ _ & _ closes again and K* channel opens.
w Cysteine residue r - lci . h s (Ca2+-
Rlosed = pydrated L | Calcium ion channels (Ca
K* ion channels) occur in axonal membranes
cytoplasm open

and other membranesfor theentrance of
Use of EPR spectroscopy to monitor changes in conformation | Ca2* ionsin the cell. Ca2* ions have a
of a bacterial K* ion channel as it opens and closes. fundamental role in many cellular ac-
tivities such as exocytosis, endocytosis, secretion, cell motility, cell growth, fertilization and cell
division. In the neuronal membrane, there are a number of Ca?* channels that are driven by the

membrane potential and are essential in the rel ease of neurotransmitters (acetylcholing).

2. D-hexose per mease of erythrocyte. The plasmamembrane of mammalian erythrocytesand
other body cells, contain specific channel proteinsfor thefacilitated diffusion of glucoseintothecells.
They are called glucose transporter, glucose permease or D-hexose per mease. After the glucose
istransported into the erythrocyte, it israpidly phosphorylated (by hexokinase enzymeand ATP) to
formglucose-6-phosphate. Oncephosphorylated, theglucosenolonger |leavesthecell; moreover, the
concentration of the simple glucose in the cell islowered. As aresult, the concentration gradient of
glucose across the membrane is increased, allowing the facilitated diffusion to continue to import
glucose. Sinceno cellular membrane (except themitochondrial membranes) containsany permeasefor
facilitated diffusion of phosphorylated compounds, so a cell can retain any type of molecule by
phosphorylating them, e.g., ATP and phosphorylated nucleosides are never released from the cells
containing a normal intact plasma membrane. However, permeases for ATP and ADP do existina
mitochondrial membrane to allow these molecules to move acrossit.

The D-hexose permease of the erythrocyteisan integral and transmembrane protein of 45,000
daltons M.W. It accountsfor 2 per cent of erythrocyte membrane protein. D-hexose permease, most
probably operatesin thefollowing way : the binding of glucoseto asite on the exterior surface of the
permeasetriggersaconformational changeinthepolypeptide. Thischange somehow generatesapore
in the protein that allows the bound glucose to pass through the membrane.

3. Anion exchange per mease of erythrocyte. Band 3 polypeptide of plasmamembrane of the
erythrocytes and other cellsis an ion exchange per mease protein which catalyzes an one-for-one
exchange of anions such as chloride (Cl—) and bicarbonate (HCO,™) across the membrane (called
chloride shift; erythrocyte has 100,000 times more permeability of Cl— than other cells). Therapid
flux of anionsintheerythrocytefacilitatesthetransportinthebl ood of CO, fromthetissuestothelungs.
Waste CO, that is released from cell into the capillary blood, diffuses across the membrane of
erythrocyte. Initsgaseousfrom, CO, dissolves poorly in agueous sol utions such as blood plasma, but
inside the erythrocyte the potent enzyme car bonic anhydrase convertsit into a bicarbonate anion :

carbonic
Co, + H,O H™ + HCO;”
anhydrase

proton bicarbonate
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This process occurs while the haemoglobin in the erythrocyte is releasing its oxygen into the
blood plasma. The removal of oxygen from haemoglobin induces a change in its conformation that
enablesagl obin histidine (amino acid) sidechainto bindto the proton produced by carbonic anhydrase
enzyme. The bicarbonate anion formed by carbonic anhydraseistransported out of the erythrocytein
exchange for achloride (ClI-) anions:

HCO,~ + CI- HCO,- + CI-
(in) (out) (out) (in)

Asthetotal volume of the blood plasmais about twice that of the total erythrocyte cytoplasm,
this exchange triples the amount of bicarbonate that can be carried by blood as awhole. Without the
presenceof an anion exchange protein (i.e., band 3 protein), bi carbonate anionsgenerated by carbonic
anhydrase would remain within the erythrocyte and blood would be unableto transport all of the CO,
produced by tissue. Theentireexchange processiscompl eted within 50 millisecond (ms) duringwhich
time 5 x 10° HCO,"ions are exported from the cell. The processisreversed in the lungs: HCO,"
diffusesinto the erythrocytein exchangefor aCl~. Oxygen binding to haemoglobin causes release of
the proton from haemoglobin. The CO, diffuses out of the erythrocyte and is eventually expelled in
breathing. The exact mechanism of anion transport by the Band 3 proteinis still unknown.

B. Activetransport. Activetransport usesspecific transport proteins, called pumps, which use
metabolic energy (ATP) to moveionsor moleculesagainst their concentration gradient. For example,
in both vertebrates and invertebrates, the concentration of sodium ion isabout 10 to 20 times higher
in the blood than within the cell. The concentration of the potassium ion isthe reverse, generally 20
to40timeshigher insidethecell. Such alow sodium concentration insidethe cell ismaintained by the
sodium-potassium pump. Therearedifferent typesof pumpsfor thedifferent typesof ionsor molecules
such as calcium pump, proton pump, etc.

Examples of Active Transport
1. Na"- K*- ATPase. Itisanion pump or cation exchange pump which isdriven by energy
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Schematic concept of the Na*/K* —ATPase transport cycle.
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of one ATP molecule to export three Na*
ions outside the cell in exchange of the
import of twoK*ionsinsidethecell. Electri-
cal organsof edsarefoundtobeveryrichin
this enzyme or pump. N*- K*- ATPaseisa
transmembrane protein which is a dimer
havingtwo subunits: onesmaller unitwhich
is a glycoprotein of 50,000 daltons M.W.,
having a unknown function ; and another
larger unit having 1,20,000 daltons M. W.
The larger subunit of Na'- K*- ATPase
performstheactual function of cationtrans-
port. It hasthreesitesonitsextracytoplasmic
surface: twositesfor K*ionsand onesitefor
theinhibitor ouabain. Onitscytosolic side,
the larger subunit contains three sites for
threeNa*ionsand also hasonecatalytic site
for a ATP molecule. It is believed that the
hydrolysis of one ATP molecule somehow
drives conformational changesin the Na*-
K*- ATPase that allows the pump to trans-
port three Na* ions out and two K* ions
inside the cell (Fig. 5.15).

2. Calcium ATPase. Calcium pump
or Ca2*-ATPase pumps Ca2*-ionsout of the
cytosol, maintaining alow concentration of
it inside the cytosol. In some types of cells
such aserythrocytes, thecalcium pumpsare
located in the plasma membrane and func-
tion to transport Ca?* ions out of thecell. In
contrast,inmusclecells, Ca2*-ionpumpsare
located in the membrane of ER or sarco-
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Fig. 5.14. Schematicdrawingshowinganiontransportthrough
the erythrocyte membranein the capillariesand in
the lungs. Band 3 protein (= anion exchange per-
mease) catalyzes the exchange of the anions : Cl-
and HCO,~ acrosstheerythrocyte membrane (after
Darnell et al., 1986).

The proton pump.

plasmicreticulum. TheCa?*-ATPasetransportsCat*
from the cytosol to the interior of the sarcoplasmic
reticulum for causing the relaxation of the muscle
cells. Release of Ca?* ions from the sarcoplasmic
reticulum into the cytosol of muscle cells causes
contraction of themusclecells. Sarcoplasmicreticu-
lum tends to concentrate and store Ca2* ions by the
help of following two types of reservoir proteins: (1)
Calsequestrin (44,000 daltons M.W. ; highly acidic
protein) whichtendstobind upto 43 Ca2* ionswithit.
(2) High affinity Ca?*- binding proteinwhichbinds
Ca?* ions and also reduces the concentration of free
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Ca?* ionsinside the sarcoplasmic reticulum vesicles and decreases the amount of energy needed to
pump Ca?* ionsinto it from the cytosol.

A calcium pump is

a 100,000 M.W., polypeptide, forming 80 per cent of integral membrane

protein of sarcoplasmic reticulum. Init, hydrolysis of one ATP molecule transports two Ca* ionsin

the counter-transport of ol
3. Proton pump or
H*-pump. Thelysosomal

ne Mg?*ion.

| |
H

membrane contains the Na’ K*and ouabain

ifs 3 " binding site
ATP-dependent proton ._:_ i -
pump that transports pro- - .J . .
tons from the cytosol into sodium e 1 n ':l SRR potassium
thelumenof theorganelle, i

keeping theinterior of ly-
sosomes very acidic (pH

eletrochemical oy B . eletrocg_emical
gratlicnt .||]|-|_ |_| i luddai gradient
-.. n

Na* binding = Na* - K* ATPase

4.5105.0). The pH of the : site. = My of 0 [ pump E_'
cytosol is about 7.0 (Fig. = - -_' = rﬁ - -
ATP = " = ADP +Pi
Proton pumps also 2.k

occur inmitochondriaand

chloroplasts where they | Fig. 5.15. The Na'- K* ATPasein the plasma membrane actively pumps Na*

participate in the genera-
tion of ATP from ADP.
They also cause acidifica-
tion of the mammalian

out and K* into a cell against their electrochemical gradients. For
every molecule of ATP hydrolyzed inside the cell, 3 Na" ions are
pumped out and 2K* ions are pumped in (after Albertset al., 1989).

stomach. In the apical membrane of aparietal cell or oxyntic cell (which sercete HCI or H* CI-) are

located ATP-dependent p

roton pumps. Hydrolysis of ATPis coupled to the transport of H* ions out

of the cell (into stomach lumen). HCI production, thus, involves three types of transport proteins: 1.

anion-exchange protein; 2. chloride (CI~) permeases; and 3. ATP- dependant proton (H*) pump.
Uniport, symport and antiport. Those carrier proteinswhich simply transport asingle solute

from one side of the membrane to the other ; are called uniports. Others function as coupled

transporters,inwhichthetransfer of onesolutedepends
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on the ssmultaneous transfer of a second solute, either in

lysosomal ™ J_I:- ATP thesamedirection (symport) or inthe oppositedirection
== ADP + Pi

(antiport). Both symport and antiport collectively form

- the cotransport. Most animal cells, for example, must
take up glucose from the extracellular fluid, where the

.'l. concentration of the sugar is relatively high, by passive

H transport through the glucose carriers (such as D-hexose

I permease) that operate as the uniports. By contrast,

H Al intestinal and kidney cells must take up glucosefromthe
.._.- 3 lumen of the intestine and kidney tubules, respectively,
o= _.".. where the concentration of the sugar is low. These cells

actively transport glucose by symport with Na* ions
whoseextracellular concentrationisvery high. Theanion

Fig. 5.16. The proton pump of the mem-| exchangepermeaseof human erythrocytesoperatesasan

Igygzosome (after | antiport totheexchangeof CI-for HCO,~ (Albertsetal.,
): 1989).
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C.Bulktransport by theplasmamembrane. Cellsroutinely import and export largemol ecules
across the plasma membrane. Macromolecul es are secreted out from the cell by exocytosis and are
ingested into the cell from outside through phagocytosis and endocytosis.

1.Exocytosis. Itisasocalled emeiocytosisandcell vomiting. Inall eukaryoticcells, secretory
vesiclesarecontinually carrying new plasmamembraneand cellular secretionssuch asproteins, lipids
and carbohydrates(e.g., cellulose) fromthe Gol gi apparatusto the plasmamembraneor to cell exterior
by the process of exocytosis. The proteins to be secreted are synthesized on the rough endoplasmic
reticulum (RER). They passinto the lumen of the ER, glycosidated and are transported to the Golgi
apparatus by ER-derived transport vesicles. In the Golgi apparatus the proteins are modified,

concentrated, further glycosidated,
sorted and finally packaged into
vesicles that pinch off from trans
Golgi tubulesand migratetoplasma
membrane to fuse with it and re-
lease the secretion to cell’s exte-
rior. Incontrast, small moleculesto
be secreted (e.g., histamine by the
mast cells) are actively transported
from the cytosol (where they are
synthesized on the free ribosomes)
into preformedvesicles, wherethey
are complexed to specific macro-
molecules (e.g., a network of
proteoglycans, incaseof histamine;
Lawson et al., 1975), so that, they
can be stored at high concentration
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Fig. 5.17. Carrier proteins of membrane functioning as uniports,
symports and antiports (After Albertset al., 1989).

without generating an excessive osmoatic gradient.
During exocytosisthevesiclemembraneisincorporated into the plasmamembrane. Theamount
of secretory vesicle membrane that istemporarily added to the plasma membrane can be enormous:

The process of engulfment by a
leucocyte ingesting a yeast particle.

in a pancreatic acinar cell discharging digestive en-
zymes, about 900 um? of vesiclemembraneisinserted
into the apical plasmamembrane (whose areaisonly
30 um?) when the cell is stimulated to secrete.

2. Phagocytosis. Sometimes the large-sized
solid food or foreign particles are taken in by the cell
through the plasmamembrane. The process of inges-
tion of large-sized solid substances (e.g., bacteriaand
parts of broken cells) by the cell is known as phago-
cytosis (Gr., phagein=to eat, kytos=cell or hollow
vessdl).

Occurrence of phagocytosis. The process of
phagocytosis occurs in most protozoans and certain
cells of multicellular organisms. In multicellular or-
ganisms such as mammals, the phagocytosis occurs
very actively ingranular leucocytesandinthecellsof
mesoblasticorigin. Thecellsof themesoblasticorigin
arecollectively known asthecellsof macr ophagicor
reticuloendothelial system. The cells of macroph-
agic system are histiocytes of the connective tissue,
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thereticular cellsof the hemopoietic
organs (bone marrow, lymph nodes
and spleen) and the endothelial cells
which form the lining of capillary
sinusoid of the liver, adrenal gland
and hypophysis. The cells of mac-
rophagic system can ingest bacteria,
Protozoa, cell debris or even colloi-
dal particlesby theprocessof phago-
cytosis.

Process of phagocytosis. In
phagocytosis, first thetarget particle
isbound, to the specific receptorson
the cell’s surface (processis called
adsor ption),then the plasma mem-
brane expands along the surface of
theparticleand eventually engulfsit.
Vesicle formed by phagocytosis is
called phagosomeanditistypically
1to2umorlarger indiameter, much
larger than those formed during pi-
nocytosisand receptor-mediated en-
docytosis. The phagosomes migrate
totheinterior of thecell andfusewith
the pre-existing lysosomes (to form
phagolysosome). Thefoodisdigested
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A summary of the phagocytic pathway.

by the hydrolytic enzymes (acid hydrolase) of the lysosomes and the digested food is ultimately
diffused to the surrounding cytoplasm. In addition to the normal set of lysosomal hydrolases,
macrophage’ s lysosomes contain enzymes that generate hydrogen peroxide (H,O,) and other toxic
chemicals that aid in the killing of the bacteria. The undigested food is expelled from the plasma
membrane by the process of ephagy or egestion. In macrophages, the undigested parts of ingested
material such asthe cell walls of micro-organisms, accumulate within lysosomes asresidual bodies.
Accumulation of residual bodies may be onereason why macrophageshaveavery short lifetime(i.e.,

lessthan afew days).

Kinds of phagocytosis. Ac-
cordingtothephysical and chemical
nature of foreign substance follow-
ing types of phagocytosishave been
recognised :

(i) Ultraphagocytosis or
colloidopexy. The processinwhich
plasma membrane ingests smaller
colloidal particles is known as
colloidopexy or ultraphagocytosis,
e.g., leucocytes and the macroph-
agic cells of mammals.

(if) Chromopexy. When the
cellingestscolloidal chromogen par-

|
. g
(b) The Didinium's meal is
almost over.

(a) Here an egg-shaped protist Didinum
illustrates phagocytosis by ingesting the smaller paramecium.
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ticles phagocytotically the processis known as chromopexy, e.g., some mesoblasitc cells.

3. Endocytosis. In endocytosis, small regions of the plasma membrane fold inwards or
invaginate, until it has formed new intracellular membrane limited vesicles. In eukaryotes, the
following two types of endocytosis can occur : pinocytosis and receptor-mediated endocytosis.

() Pinocytosis. Pinocytosis(Gr., pinein=to drink; ‘ cell drinkng’) isthe non-specific uptake of
small dropletsof extracellular fluid by endocyticvesiclesor pinosomes, having diameter of about 0.1
um to 0.2 um. Any material dissolved in the extracellular fluid is internalized in proportion to its
concentrationin thefluid. The process of pinocytosiswasfirst of all observed by Edwar d in Amoeba
and by L ewis (1931) in the cultured cells.

Thelight microscopy has shown that in Amoeba tiny pinocytic channelsare continually being
formed at the cell surfaceby invagination of the plasmamembrane. Fromtheinner end of each channel
small vacuol esor pinosomesare pinched off, and these movetowardsthe centre of thecell, wherethey
fusewith primary lysosomes, toformfood vacuol es. Ultimately, ingested contentsaredigested, small
breakdown products such as sugars and amino acids diffuse to cytosol.

Micropinocytosis. Electron microscopic observations have been made on the pinocytotic
process at sub-cellular or sub-microscopic level in the cells. The pinocytosis which occurs at sub-
microscopic level is known as micropinocytosis. In the process of micropinocytosis, the plasma
membraneinvaginatesto from small vesicles of 650 A°diameter. These closed vesiclesare not coated
by clathrin protein and they move across the cytoplasm of endothelial cells (which line the blood
capillaries) to fuse with opposite plasma membrane discharging their contents. This is called
transcytosis(Simionescue, 1980). Suchtranscellular passage of fluidsisalso found to occur in other
types of cells such as Schawn and satellite cells of nerve ganglion, macrophages, muscle cells and
reticular cells, etc., but in them vesicles are coated by clathrin (see Albertset al., 1989).

(i) Receptor-mediated endocytosis. In this type of endocytosis, a specific receptor on the
surface of the plasmamembrane “recognizes’ an extracellular macromolecule and bindswithiit. The
substance bound with the receptor is caled the ligand. Examples of ligands may include viruses,

phagocytosis endocytosis
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Fig. 5.18. The process of phagocytosis and endocytosis (after Darnell et al., 1986).

small proteins (e.g., insulin, vitellogenin, immunoglobin, transferrin, etc.), vitamin B,,, cholesterol
containing LDL or low density lipoprotein, oligosaccharide, etc. The region of plasma membrane
containing the receptor-ligand complex undergoes endocytosis. The whole process of receptor-
mediated endocytosis, includes the following events :

Contents
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1. Interaction of ligands and cell surface receptors. The macromolecules (ligands) bind to
complementary cell-surface receptors. There are more than 25 different types of receptorswhich are
involved in receptor-mediated endocytosis of different types of molecules. Such areceptor isatrans-
membrane protein which contains two specific binding sites: (1) ligand-binding site at the externa
surface of plasma membrane ; and (2) coated-pit binding site at the inner or cytosolic face of the
plasmamembrane.

2. Formation of coated-pits and coated-vesicles. The endocytic cycle begins at specialized
regionsof the plasmamembrane, called coated-pits. Coated-pitsare depressionsof plasmamembrane
having acoat of bristle-likestructuretowardstheir cytosolic side. Theligand-loaded receptorsdiffuse
intothesecoated-pits. A coated-pit may accommodateabout 1000 receptorsof assorted variety. Infact,
coated-pits serve as molecular filters and selective concentrating devices, since, they tend to collect
certainreceptorsand leave others. They increasetheefficiency of internalization of aparticular ligand
more than 1000-fold and also carry minor components of extracellular fluid. The life-time of each
coated-pit isquiteshort—withinaminuteor so of beingformed, itinvaginatesintothecell and pinches
off toformthecoated-vesicles. Thecoat of coated pitsand coated vesi clesismade up of protein, called
clathrin and certain other proteins. A molecule of clathrin is composed of three large polypeptide
chainsand threesmaller polypeptidechains, al of whichtogether form athree-legged structure, called
triskelion. A number of triskelionsassembleinto abasket-like network of hexagonsand pentagonson
the cytoplasmic surface of the membranes (Pear se and coworkers, 1981, 1987).

3. Fusion of endocyticvesicleand endosome. Onceacoated vesicleisformed, theclathrinand
associ ated proteinsdissociatefromthevesicle
membrane and return to the plasma mem-
branetoform anew coated-pit (Schmid and
Rothman, 1985). The resultant endocytic
vesicle gets fused with pre-existing
endosomes and ultimately its contents are
utilized by the cell.

Endosomeor receptosome. Recently
it has been found that in the cells exists a
complex set of heterogeneous membrane-
bound tubesand vesicles, called endosome,
which extendsfrom the periphery of thecell
to the perinuclear region, whereit lies quite
close to Golgi apparatus. Thus, endosomes
may be of two types : (i) peripheral
endosomes just beneath the plasma membrane and (ii) perinuclear or internal endosomes. The
interior of the endosomeisacidic (pH 5-6) dueto the presence of ATP-driven proton (H*) pumpsin
itsmembrane that pumps H* ionsinto the lumen from the cytosol (Sly and Doisy, 1984). Endosomes
lack in degradative enzymes.

Thus, viareceptor-mediated coated-vesicles, theligandsaredd ivered totheperipheral endosomes
which slowly move inward to become perinuclear endosomes. These perinuclear endosomes are
converted into endolysosomesandtheninto lysosomes duetofollowing threeactivities: 1. thefusion
of transport vesicles from the Golgi apparatus, (Note. Transport vesicles capture a cargo of
molecules, e.g., proteins, fromthelumen of one compartment asthey pinch off fromitsmembraneand
then discharge that cargo into another compartment as they fuse with it. Thus, in such vesicular
transport, the transported proteins do not cross any membrane and they aretransferred from lumen to
lumen). 2. continuous membrane retrieval, and 3. increased acidification (Helenius and coworkers,
1983, 1987). The endosomal compartment also acts as the main sorting station in the endocytic
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pathway. The acidic environment of
the endosome causes di ssociation of
ligands from their receptors. Such
ligands are destined for destruction
inthelysosomesalongwiththeother
non-membrane-bound contentsof the
endosome. Thereceptor-proteinsare
either returned to the same plasma
membrane domain from which they
comeor they gotolysosomesand are
degraded.

Example of receptor-medi-
ated endocytosis. Most animal cells
are found to have aregulatory path-
way for the uptake of cholesterol.
Most cholesterol istransportedinthe
blood intheform of particlesof low-
density proteins or LDL. Each of
theselargespherical particles(22nm
indiameter) containsacor e of about
1500 cholesteryl ester mol eculessur-
rounded by a lipid monolayer and
also contains a single large protein
mol ecul e (apoprotein). Whenthecell
needscholesterol for membranesyn-
thesis, it synthesizes receptor pro-
teins for LDL particles and inserts
theminto its plasmamembrane. The
human LDL receptor isasingle-pass
transmembrane glycoprotein which
iscomposed of about 840 aminoacid
residues, only 50 of which stick out
from cytoplasmic side of plasma
membrane to form the coated-pro-
tein-binding site. The LDL - bind-
ing site of the receptor is exposed to
cell surface. TheL DL receptorsmove
laterally within lipid bilayer, until
they become associated to the newly
formed coated-pits. Sincecoated-pits
constantly pinch off to form coated-
vesicles, theL DL particlesarebound
toreceptorsinthecoated-pitsandare
rapidly internalized. After shedding
their clathrin-coats the endocytic
vesicles deliver their contents to
endosomes. |n endosomes, the LDL

particles and their receptors are separated from each other ; the receptors are returned to the plasma
membrane, while LDL ends up in thelysosomes. In the lysosomes, the cholesteryl estersinthe LDL
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Fig. 5.19. An endocytic pathway : ligands which are
endocytosed viacoated pits, aredelivered tothe
peripheral endosomes and then move sequen-
tially toperinuclear endosomes, endolysosomes
and lysosomes (Alberts et al., 1989).
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particlesare hydrolyzed to free chol esterol molecules, which thereby become availableto the cell for
new membrane synthesis. If too much free cholesterol accumulates in a cell, this stops cell’s own
cholesterol synthesisand the synthesisof L DL -receptor proteins, so that lessamount of cholesterol is
made and less amount of it is taken up by the cell (Brown and Goldstein, 1984, 1986).

Ener gy utilisation by phagocytosisand endocytosis. Unlike pinocytosis, which isaconstitu-
tive process that occurs continuously, the phagocytosis is a triggered process in which activated
receptorstransmit signalsto the cell interior to initiate the response (Wright and Silver stein, 1983).
Both phagocytosi sand pinocytosi sare active mechanismsin the sensethat the cell requiresenergy for
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Fig. 5.20. A—A LDL particleincrosssection; B—LDL receptor proteinsbinding to acoated-pit intheplasma
membrane ; C— Mechanism of receptor-mediated endocytosisof LDL particles (after Albertsetal.,
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their operation. During phagocytosi shy |eukocytesoxygen consumption, glucoseuptakeand glycogen
breakdownall increasesignificantly. Themechanismof endocytosisisfoundtoinvol vethecontraction
of microfilaments of actinand myosin present in the peripheral cytoplasm (ectoplasm) which causes
the plasma membrane to invaginate and to form the endocytic vacuole (pinosome/phagosome).
Involvement of actin microfilamentsis demonstrated by the action of the drug cytochalasin B which
inhibits endocytosis and disorganizes actin microfilaments.

Membrane fusion during exocytosis and endocytosis. Both exocytosis and endocytosis
involvethefusion of initially separate regions of lipid bilayer and occur in at least two steps: first the
two bilayers come into close apposition, it is called bilayer adher ence, and then they fuse together
(Thisis caled bilayer joining). Both of these steps are believed to be mediated by some types of
specific proteins, called fusogenic proteins (Blumenthal, 1987).

DIFFERENTIATIONS OF CELL SURFACE

The cell surface of certain cells performs various physiological activities such as absorption,
secretion, transportation, etc. To perform such specialized functions certain modifications are
inevitable in the plasma membrane of such cells. Such cell surface differentiations may include
microvilli, invagination, basement membrane and many types of cell-to-cell interconnections or
junctions (Table 5-4).

ap:le) =l sahe Types of junctions between animal cells (Source : Maclean and Hall, 1987).

1. Impermeable junctions: (i) Tight junctions
(ii) Septate junctions
2. Adhering junctions: (iii) Belt desmosomes

(iv) Spot desmosomes
(v) Hemidesmosoms

3. Communicating junctions: (vi) Gap junctions
(vii) Chemical synapsis

1. Invaginations

The bases (inner ends) of
certain cells, such as the cells of
the kidney, perform active trans-
portation and contain many in-
vaginations or infoldings of the
plasmamembrane. At the base of
thesefolds, theredevel opsasepta
and, thus, narrow compartments
of basal cytoplasm are formed.
Theseinfoldingscontainmany mi-
tochondria. These mitochondria
alongwiththeenzymesof plasma
membrane possibly provide en-
ergy rich compound, viz, ATPto
the plasma membrane for the ac-
tive transportation of solutes.

2. Microvilli

Microvilli are finger-like, Fig. 5.21. Infoldings of plasma membrane.
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dlender projectionsof plasmamembranewhich arefoundin mesothelial cells, hepatic cells, epithelial
cellsof intestine(striated bor der), uriniferoustubules(brush border), gall bladder, uterus, growing
oocyte and yolk sac. Microvilli increase the effective surface of absorption. For example, asingle
epithelial cell of intestine may have as many as 3000 microvilli and in asquare millimetre of intestine
theremay be 200,000,000. Thesemicrovilli are0.6t0 0.8 umlong and 0.1 umin diameter. Thenarrow
spaces between the microvilli form akind of sieve through which substances may pass during the
process of absorption. Within the cytoplasmic core of amicrovillusfine microfilamentsare observed
which in the underlying cytoplasm form ater minal web. The microfilaments contain actin and are
attachedto thetipsof themicrovilli by a-actinin; their functionisto produce contraction of microvilli.

3. Basement Membrane

Theinterfacebetweenall epitheliaand underlying connectivetissueismarked by anon-cellular
structure called basement membrane. This membrane comprisestwo basic layers: 1. Basal lamia
whichisincontact withtheepithelial basal plasmamembraneandiscomposed of finefeltwork of fibrils
of collagen of TypelV that are embedded in an amorphous matrix. It issecreted by theepithelia cells.
2. Reticular layer exists just beneath the basal lamina and is composed of fine reticular fibres of
reticulin protein. The reticular fibres are embedded in a ground substance. The reticular layer is
synthesized by underlying connective tissue into which it is merged (Wheater et al., 1979). The
basement membrane provides structural support for epitheliaand may constitute an important barrier
to the passage of materials between the epithelial and connective tissue compartments.

4. Tight Junctions (Zonula Occludens)
The cells of both vertebrate and invertebrate animals display junctions that are designed to

prevent or reducetheflow of evensmall
molecul es between the lateral surfaces
of adjacent cells. Such junctions are
particularly characteristicsof epithelial
tissues. In higher animals these are
termed tight junctionsand ininverte-
brates these are called septate junc-
tions (see M aclean and Hall, 1987).

Tight junctions are situated be-
low the apical border (often below the
microvillar surface) of the epithelial
cells and act as permeability barriers.
Thus, &l nutrients are absorbed from
theintestineinto oneside of the epithe-
lial cell andthenrel eased fromtheother
side into the blood because tight inter-
cellular junctions do not allow small
molecules to diffuse directly from the
intestine lumen into the blood. Alsoin
pancreatic acinar tissue, they prevent
theleakageof pancreatic secretory pro-
teins, including digestve enzymes, into
the blood.

Tight junctions are composed of
thin bands that completely encircle a
cell and arein contact withthinbandsof
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tight junction
adherens junction

gap junction

A junctional complex.

adjacent cells. In a thin section, in the tight
junction two adjacent plasma membranes
appear to befused at aseries of points. How-

microvillus
ever, inthree-dimensional structure, revealed
by freeze-fracturetechnique (Pinto da Silva
and Kachar, 1982), the tight junctions ap-
pear asanetwork of ridgesonthecytoplasmic )
half of the membrane, with complementary | = tht tonofila-
groovesintheouter half. Theridgesappear to Junggﬁns_ s hents
becomposed of tworowsof proteinparticles, | jesmosomel
asin zipper, each one belonging to the adja- R
cent cells. Thelinesof theseparticlesproduce SPOt w 8
the sealing and for this reason have been | 9eSmosome hemides.

namedsealingstrands. Often, sealing strands mosome
form a series of interconnected and .-|:

anastamosing lines, likearow of stitchesina - " _-F
quilted surface. basal | 'm—rIIE' = = B

Ininvertebrates, septatej UNCLioNSPer- | jamina | S e . o S0l
form the functions similar to tight junctions. | Fig. 5.22. Schematic diagram of the principal types of
They differ fromthetight junctionsinthat the cell junctions, as found in the intestinal epi-
proteinsthat straddlethegaps, occur inparal - thelial cell (after Darnell, et al., 1986).
lel rowsor septae. Also in them adjacent plasmamembrane surfaces are not in direct contact, so that
the junctional proteins themselvesform the seal.

5. Desmosomes

Desmosomes are abundantly found in tissues that have to withstand severe mechanical stress,
such as skin epithelia, bladder, cardiac muscle, the neck of uterusand vagina. Their presencein such
tissuesallows thetissuesto function as el astic sheetswithout theindividual cellsbeingtorn onefrom
another. Desmosomes are of following three types:

(i) Belt desmosomes (Zonula adherens). They are generally found at the interface between
columnar cells, just below theregion of tight junctions. They form aband that form agirdlearound the
inner surfaceof the plasmamembrane. Thisband containsaweb of 6to 7 nm actin microfilamentsand
another group of interwovenintermediatefilamentsof 10 nm. Actinmicrofilamentsarecontractileand
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intermediate filamentsplay astructural role. At belt
desmosome, theplasmamembranesof adjacent cells
areparallel, thicker than usual and 15to0 20 nm apart.
Theintercellular spacebetweenthemisfilledwithan
amorphous material.

(if) Spot desmosomes (Macula adherens).
The spot desmosomesact likerivetsor “ spot welds’
to hold epithelial cellstogether at points of contact.
They represent localized circular areas of contact
about 0.5 um in diameter, in which the plasma
membranes of two adjacent cells are separated by a
distance of 30 to 50 nm. The intercellular core or
central stratum between the two membranes con-
sistsof specificdesmosomal material richinproteins
and mucopolysaccharides. Under eachfacing plasma
membrane of the spot desmosome, thereisadiscoi-
dal intracellular plaque, 15to 20 nm thick, having
non-glycosylated proteins such as desmoplakins|,
I1,and |11 (Muellar and Franke, 1983). Numerous
10-nm thick intermediate filaments of keratin pro-
tein, called tonofilaments, converge towards the

il

Fig. 5.23. Microvilli and terminal web (after
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teins such as collagen and other proteinsto the cell.

6. Gap Junctions (Nexus)

plaque. Thesefilamentsformaloopin
a wide arc and course back into the
cytoplasm. In addition, there arethin-
ner filamentsthat arisefromeachdense
plaque and traverse the plasma mem-
branetoform*“trans-membranelink-
ers’ in the intercellular space. These
linkers provide mechanical coupling
and chemically are made of
glycosylated proteins, called
desmogleins| and ||, with the carbo-
hydrate moiety exposed toward the
intercellular space (Steinber g, 1984).
While the tonofil-aments provide the
intracellular mechanical support, the
cellular adhesion at the desmosome
depends mainly on the extracellular
coating material.

(iii) Hemidesmosomes. They
are half desmosomes which resemble
spot desmosomes but join the basal
surface of an epithelial cell to abasal
lamina. They anchor extracellular pro-

Many cells of the tissues of higher animals are coupled together by interconnecting gap
junctions, nexus or communicating junctions. The presence of gap junctions explainstheionic or
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electronic connec-
tions between adja-
cent cells, i.e., there

are some cellswhich ol
core

microvillus

are electrically |gamem

coupled and havere-

gions of low resis-

tance in the mem- ;:I . .

branethroughwhich | onofilament = plasma membrane

there is a rather free

flow of el ectrical cur- 7 ..:'H

= "m = sealin
lr..- |*. '_'; strang =
rent carried by ions. "-_.:|'| la'-l-.:.-
Such electrical cou- 5 - g
pling isfound exten- ':"- " id.f
sively in embryonic 5 - :
cells. In adult tissues il e
itisusually foundin -
epithelia, cardiac A "
cells and liver cells. intercellularyon¢ jnction
Skeletal musclesand space

most neurons do not Fig. 5.24. Tightjunqi ons. A—Thgadj acentpl asrnamgnbran&sarethfirmly

. at the sealing strand which is composed of two rows of particles, as
Sh,OW electrical cou- inzipper ; B— Three-dimensional representations (after De Robertis
pling. and De Robertis Jr., 1987; Maclean and Hall, 1987).

In fact, gap
junctionsare found to permit molecules such asinorganic
ions, sugars, amino aci ds, nucleotidesand vitaminsto pass
with comparative freedom between one cell and another
within atissue, but they prevent larger molecules, such as
proteins, nucleic acids and polysaccharides from being
transferred. This observation aso explains the phenom-
enon of metabolic cooperation or metabolic coupling
betweencells,i.e., cellscantransfer toneighbouring cells, " g
themol ecul eswhich cannot besynthesi zed by thereci pient
cells. For example, in the tissue-culture experiments, the
mutant cellswhich aredeficientintheenzymethymidine ikl
kinase can be shown by autoradiography to be capable of B over
DNA synthesis only when grown in a culture vessel to- |interceliu® ‘g Ba -
gether with the wild type cells (Hooper and Subak- s""c‘;foplasm hydraphlidohants
Sharpe, 1981). This observation shows that required
thymidine has been passed from a wild-type cell to a
mutant cell, presumably via gap junctions. There are
certain other molecules such as AMP, ADP, ATP and
CcAMP that can pass through gap junctions.

A gap junction appears as a plague-like contact in
which theplasmamembranesof adjacent cellsareinclose
apposition, separated by a space of only 2 to 4 nm.
Structurally, gap junctions consist of hollow channels round which aseriesof six protein subunitsare
located ; achannel hasadiameter of about 1.5t0 2 nm. A singlemajor protein (amacromol ecular unit,
called connexon) of 27000 daltons has been isolated from rat liver preparati ons consisting of almost

gap junction
particles

lipid bilayer
cell 1

S e,

connexon

+

I connexin
subunit

The structure of a gap junction.
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puregapjunctionmaterial (Hertzbergetal.,1981),
A connexon appears as an annulus of six subunits
surrounding the channel. It is believed that the
diding of the subunits caused the channel to open
and close. The permeability of channel of gap
junctionisregulated by Ca?*ions; if theintercellu-
lar Ca?* ion level increases, the permeability is -
reduced or abolished. The gap junctions or
connexonsof adjacent cellsarebelievedtolineup
to provide a continuous channel, made up of two
connexons opposed end to end (Fig. 5.26).

CELL COAT

The plasma membrane is surrounded and
protected by thecell coat. Sometimes, thecell coat
isalsocalledglycocalix, becauseit containssugar
units in glycoproteins and polysaccharides. The
cell coat isfound to be equivalent to the oligosac-
charide side chains of glycolipids and glycopro-
teins that stick out from the cell surface and are
covalently attached to protein moieties. However,
in many type of cells, there is a separate “fuzzy
layer”, beyond the cell coat, which is composed
mainly of carbohydratesandissecreted by thecell.

The cell coat can be stained with PAS (see
Chapter 2) or Alcian bluefor thelight microscopy

Fig. 5.25. Spot desmosome (after De Robertis
and De Robertis Jr., 1987).
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Fig. 5.26. Gap junctlons A— Location of gap junctions between two
cells. Thechannelsare made by particlesin each membranethat traverse
theintercellular space. Theflow of fluid betweenthecellsisindicated by
arrows. B—Finer structure of unit structure or connexion of gap junc-
tion. The channel has apore about 2 nm and isformed by two hexamers

(six subunits) traversing the lipid bilayers of two plasma membranes
(after De Robertis and De Robertis Jr., 1987).

and with lanthanum or ruthe-
nium red for the electron mi-
croscopy. By theuse of lectins,
the carbohydrates can be spe-
cifically observed. Lectins are
proteinswhicharenormally de-
rived from the plants and they
tend to bind to the cell surface
and cause agglutination. They
are used as recognition mol-
eculesfor thesugar components
of glycoproteins. Concanava-
lin A isalectin which has been
isolated from jack beansand is
specificfor theglucoseand man-
nose residues. Another lectin,
called germ agglutinin, is spe-
cific for N-acetylglucosamine.
These lectins may be labelled
with fluorescent dyes or with
electron-dense materials for
electron microscopic observa
tion.
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Thecell coatisal0to 20 nmthick layer andisindirect contact withtheouter | eafl et of theplasma
membrane. In Amoeba, the cell coat isformed by finefilaments— 5 to 8 nm thick and 100 to 200 nm
long. Chemically, the cell coat has negatively charged sialic acid termini, on both glycoproteins and
gangliosides. Thisacid tendsto bind theionsof Ca?* and Na*. The strength of the cell coat variesfrom
cell to cell. For example, the cell coat of the intestinal epithelium is quite strong—it resists vigorous
mechanical and chemical attacks; in other cells the coat is|abile and may be depleted by washing or
enzyme exposure (L uft, 1976).

The cell coat is the secretion product of the cell that is incorporated into the cell surface and
undergoes continuousrenewal . Asalready discussed, theglycoproteinsof glycocalyx aresynthesized
ontheribosomesof RER and their final assembly with oligosaccharide moiety isattained inthe Golgi
apparatus.

Extracellula Materials

Incertaincells, outsidethecell coat proper andthefuzzy layer existtheextracellular materials,
e.g., jelly coat of eggs of fishes and amphibians, the basal laminae of epithelia, the matrix material in
which cartilage and bone cells are embedded and the cell wall of plant cells. In these extracellular
materials the most conspi cuous components are collagens and mucopolysaccharides (glycosamin-
oglycans).

Functions of Cell Coat

In addition to the protection of the plasma membrane, the cell coat performs the following
important functions:

(i) Filtration. The extraneous coats sometimes act asfilters. For instance, the extraneous coats
surrounding theblood capill ariesof most vertebrates, especially thekidney glomerulusact asfilter and
regulate the passage of moleculesthrough it. The extracellular coats of connectivetissues containthe
chemical compound hyalur onate which controlsthe diffusion.

(i) Maintenance of the micro-environment of the cell. The extraneous coats of animal cells
can affect the concentrations of different substances at the surface of the cell. For example, amuscle
cell with itsexcitable plasmamembrane which issurrounded by aglycocalyx isfound to maintain the
micro-environment of muscle cell by trapping the sodium ions.

(ii1) Enzymes. The cell coat of intestinal microvilli are found to contain a variety of enzymes
whichareinvolvedintheterminal digestion of carbohydratesand proteins. For exampleit containsthe
enzyme akaline phosphatase.

(iv) Immunological propertiesof theextraneous coats. Some substances of extraneouscoats
provide immunological propertiesto the cell. Asfor instance the plasma membrane of mammalian
erythrocytesisfound to contain some specific, genetically determined substances (carbohydratesand
proteins) correspondingtothe A, B and O blood groups. Themajor sialoglycoproteinsof thered blood
cell membranecarry theM and N antigensthat appear infrequently in man. The cell coat also contains
the receptor sites for the influenzavirus and for various lectins.

(v) Histocompatibility. The cell coats of some cells contain some antigens which provide
histocompatibility,i.e., they permit therecognition of the cellsof oneorganism and rejection of other
cellsthat areforeignto it (e.g., the rgjection of grafts from another organism).

CELL WALL

Theplant cell isalwayssurrounded by acell wall and thisfeaturedistinguishesthemfromanimal
cells. The cell wall is a non-living structure which is formed by the living protoplast (A plant cell
withoutitscell wall iscalledaprotoplast ; Albertsetal.,1989). In most of theplant cells, thecell wall
is made up of cellulose, hemicellulose, pectin and protein. In many fungi, the cell wall is formed of
chitinandinbacteria, thecell wall containsprotein-lipid-polysaccharidecomplexes. Thus, thecell wall
isarigid and protectivelayer around the plasmamembrane which providesthe mechanical support to

Contents
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thecell. Thecell wall al so determinestheshape of plant cells. Duetothe shapeof cell wallsmany types
of plant cell as the parenchymatous, collenchymatous, etc., have been recognised.

Chemical Composition

Chemically speaking, the plant cell wall iscomposed of avariety of polysaccharides (carbohy-
drates), lipids, proteins and mineral deposits, all exhibiting distinct staining reactions (Table 5-5).

Table 5-5. Chemical nature and staining reaction of various components of plant cell wall.

Substance Chemical unit Staining reaction

1. Cedlulose Glucose Chlorzinc iodide (stains violet)

2. Hemicellulose Arabinose, xylose, mannose, No specific stain
glucose and galactose

3. Pectin Glucuronic and galacturonic acid Ruthenium red

4. Lignin Coniferyl acohol (e.g., hydroxy- Phloroglucinol hydrochloride
phenyl propane) (stains rose); chlorzinc iodide

(stainsyellow)

5. Cuticular substances Fatty acids Sudan |11 (stains orange)

6. Mineral deposits Calcium and magnesium -
as carbonates and silicates

The polysaccharides of cell wall include cellulose, hemicelluloses, pectin compounds and
lignins.

(2) Celluloseisalinear, unbranched polymer, consi sting of straight polysaccharidechainsmade
of glucose unitslinked by 1-4 - bonds (called glycosidic bonds ; see Chapter 4) (Note : Complete
hydrolysis of cellulose yields D-glucose and its partial hydrolysis yields disaccharide units, cello-
biose.) These arethe glucan chainswhich by intra-and intermol ecular hydrogen bonding producethe
structural units known as micr ofibrils, observable under el ectron microscopy and having toughness
likethe rubber. Each microfibril isribbon-likeflat fibre being 10 nmwide and 3 nm thick (or 25to0 30
nmin diameter) and iscomposed of about 2000 glucan chainsinit. According to aclassical estimate,
each cellulose microfibril comprises three micelles or elementary fibrils : each elementary fibril
contains about 100 cellulose molecules and each cellulose molecule is made up of 40 to 70 glucan
chains (see Thorpe, 1984) (i.e., One microfibril = 3x 100 x 70 = 21000 glucan chains). Often

numerousmicrofibrilsget associated
to form the macr ofibrils having up
to 0.5 ym diameter and observable
under the light microscopy. Cellu-
loseissynthesized by awidevariety
of cells that include bacteria (e.g.,
acetobacter,agrobacter and rhizo-
bium), algae, fungi, cryptogamsand
seed plants. (2) Hemicelluloses are
short but branched heteropolymers

of variouskindsof monosaccharides "= . -
. o

such asarabinose, xylose, mannose, | F, & . g

galactose, glucose and uronic acid. . - .l_

Some of the common hemicellulo- i

ses go under the names xylans, ﬁ
arabinoxylans, glucomannans,
galactomannans and xyloglucans. The structure of collagen.
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(3) Pectinsare water soluble, heterogeneous branched polysaccharidesthat contain many negatively
charged D-gal acturoni c acid residuesal ong with D-glucuronic acid residues. Becauseof their negative
charge, pectins are highly hydrated and intensely bind cations. When Ca2* is added to a solution of
pectin molecules, it cross-links them to produce asemirigid gel. Such Ca?* cross-links are thought to
helpholdcell-wall component together. (4) M annan isahomopolysaccharideof mannoseandisfound
inthe cell wall of yeast, fungi and bacteria. (5) Agar isapolysaccharide, found inthe cell wall of sea
weeds and containing D-and L-galactose residues. (6) Lignin isabiological plastic and non-fibrous
material. It occursonly inmaturecell wall sandismade of aninsolublehydrophobic aromatic polymer
of phenolic alcohols (e.g., hydroxyphenyl propane). (7) The chitin isapolymer of glucosamine.

Glycoproteins (present up to 10 per cent in primary cell wall) are hydroxyproline- rich proteins
(likethecollagen). Inthem, many short oligosaccharidesidechainsareattached to hydroxyprolineand
serine side chains. Thus, more than half the weight of glycoprotein is carbohydrate. These glycopro-
teins are known to act like the glue to increase the strength of the wall.

Cutinisasoabiological plasticandismadeof fatty acids (waxes). Suberin isawater-resistant
substance, comprisig of fatty acidsand found inthe cork and cell wall of many plants. Spor opollenin
isalipoidal polymer forming tough wall (with species-specific patterns) of pollen grains.

Miner al depositsoccurin cuticleintheform of cal ciumand magnesium carbonatesand silicates.
Deposits of calcium compounds are found in the cell wall of cruciferous and cucurbitaceous plants.
Silicate deposits are common in the cell wall of Graminae family.

Structure

The cell wall iscomplex in nature and is differentiated in the following layers :

(i) Primary cell wall; (ii) Secondary cell wall; (iii) Tertiary cell wall.

(i) Primary cell wall. Thefirst formed cell wall isknown as
primary cell wall. It is the outermost layer of the cell and in the
immature meristematic and parenchymatous cells it forms the
only cell wall. The primary cell iscomparatively thin and perme-
able. Certain epidermal cellsof theleaf and the stem also possess
the cutin and cutin waxes which make the primary cell wall
impermeable. The primary cell wall of the yeast and thefungi is
composed of the chitin.

(i) Secondary cell wall. The primary cell wall isfollowed
by secondary cell wall. Thesecondary cell wall isthick, permeable
and lies near the plasmamembrane of thetertiary cell wall, if the
latter occurs. Itiscomposed of three concentric layers(S;, S, and
S;) which occur one after another. Chemically the secondary cell
wall is composed of compactly arranged macrofibrils of the
cellulose, in between which sometimes occurs lignin as ainter-
fibrillar material.

(iii) Tertiary cell wall. In certain plant cells, there occurs | SEM of a secondary cell wall
another cell wall beneath the secondary cell wall whichisknown
as tertiary cell wall. The tertiary cell wall differs from the primary and secondary cell wall in its
morphology, chemistry and staining properties. Besidesthe cellul ose, thetertiary cell wall consists of
another chemical substance known asthe xylan.

Middle lamella. The cells of plant tissues generally remain cemented together by an inter-
cellular matrix known asthe middle lamella. The middle lamellais mainly composed of the pectin,
lignin and some proteins.
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Ultrastructure

Electron microscopy has shown that the cell wall is constructed on the same architectural
principlewhich applied well in the construction of animal bonesand such common building materials

asfibreglass (plastic + glassfibres) or reinforced
concrete(concrete+ metal framework), i.e., strong
fibres (e.g., cellulose microfibrils) resistant to
tension embedded in an amorphous matrix (com-
prising hemicellulose, pectin and proteins) resis-
tant to compression. In the primary cell wall, the
fibres and matrix molecules are cross-linked by a
combination of covalent bonds and non-covalent
bonds to form a highly complex structure whose
composition isgenerally cell-specific (Fig. 5.28).
Infact, hemicellulosemolecules(e.g., xyloglucans)
arelinked by hydrogen bondsto the surface of the
cellulose microfibrils. Some of these hemicellu-
lose molecules are cross-linked in turn to acidic
pectin molecules (e.g., rhamnogal acturonans)
through short neutral pectin molecules (e.g.,
arabinogalactans). Cell wall glycoproteins are
tightly woven into the texture of the wall to com-
plete the structure of matrix.

In the multilamellar secondary cell wall,
cellulose microfibrils arelaid down in layers, the
microfibrilsof eachlayer running roughly parallel
with each other but at an angle to those in other
layers (Fig. 5.27).

Plasmodesmata. Everylivingcell inahigher
plant is connected to itsliving neighbours by fine

= inner layer (S;)
-i flat spiral
..I'I middle layer (S,)
" (10-20°)
microfibrillar
angle

intercellular
substance

outer layer (S,)
microfibrillar
angle (about 50°)

primarywall

Fig. 5.27. Structure of a cell wall showing middie
lamella, primary cell wall and three re-
gions(S,, S,and S)) of the secondary cell
wall (after Thorpe, 1984).

cytoplasmic channels, each of whichiscalledaplasmodesma (Gr., desmos=ribbon, ligament; plural,

cellulose
microfibril

hemicellulose
molecule

Fig. 5.28. Ultrastructureof primary cell wall showinginter-
connections between the two major components
of theprimary cell wall : thecellulosemicrofibrils
and the matrix (after Albertset al., 1989).

plasmodesmata) which passthrough the

Ca?" bridges between_ aCidi‘l: pef“” intervening cell walls. The plasma mem-
pectin molecule _mo-e cuie braneof onecell iscontinuouswiththat of
l -l" : its neighbour at each plasmodesma. A

_._r._ . pl asmodesma is a roughly cylindrical,
pectin membrane-lined channel with adiameter

= molecule | of 20to 40 nm. Running from cell to cell

throughthecentreof most plasmodesmata
is a narrower cylindrical structure, the
desmotubule, whichremains, continuous
with elements of the SER membranes of
each of the connected cells. Between the
outside of the desmotubule and the inner
face of the cylindrical plasmamembrane
is an annulus of cytosol, which often
appearstobeconstricted at eachend of the
plasmodemata. These constrictions may
regulatetheflux of moleculesthroughthe
annulusthat joinsthetwo cytosols (Gun-
ning, 1976, 1983).

glyco-
protein
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Plasmodesmata are formed around the elements of smooth endoplasmic reticulum that become
trapped during cytokinesis(of mitotic cell division) withinthenew cell wall that will bisect the parental
cell. Plasmodesmatafunctioninintercellular communication, i.e., they allow moleculesto passdirectly
from cell to cell. For example, plasmodesmata are especially common and abundant in the walls of
columns of cells that lead toward sites of intense secretion, such as in nectar-secreting glands
(trichomes of Abutilon nectaries). In such cells there may be 15 or more plasmodesmata per square
micrometer of wall surface, whereasthereisoften|lessthan 1 per square micrometer in other cell wall
(Gunning and Hughes, 1976).

In fact, experimental  endontasm
. - 2 Smooth endoplasmic
evidence has suggested Fhat L - A cytoplasm,_ reticulum
the plasmodesmata mediate L - :‘ s - desmotubule
transport between adjacent J " . '." el
. primary o s "
plant cells, much asgapjunc- __."'|I cell wall® & "
tions of animal cells. They | i ~uT
s iﬁ' e o =, .
alow the passage of mol- ey - middle "
ecules with molecular | g 'l r | k. . lamella
weights of less then 800 - P plasme® -.'—h;
daltons. Transport through | plasmo- * = = l|| membrane
the plasmodesmata is also | desmata lining the cytosolic
found under compl Tl Gl
plexregula- A connecting two B
tionswhichmay involveCa?* adjacent cells
and protein phosphorylation. Fig. 5.29. A—Plasmodesmatapiercethecell wall and connect all cellsin
Thus, no dye movement is theplant together toform symplast ; B—Detail sof thestructure
obser,ved between the cells of aplasmodesma (after Alberts et al., 1989).

of therooot cap and the root apex or between epidermal and cortical cellsin either roots and shoots.
However, certain plant viruses such as TMV can en-

particles large plasmodesmata in order to use this route to pass
. = embedded | from cell to cell. Tobacco mosaic virus is known to
" in ER and

plasma synthesize aprotein, called P30 (30,000 dalton M.W.)
membrane | that nullifies the normal regulatory mechanisms of
plasmodesmata (Zaitlin and Hull, 1987).

dhesioilonllz Lignification. Thestructure of cell wall is stabi-
cell wall lized by the deposition of lignininthe cell wall matrix.
annulus Such aprocess of lignification wasrequired in connec-

olasma tion with the transition from aquatic to the terrestrial
membrane | Plantlifeduringorganicevolutionof plants. A lignified
cell wall is composed of microfibrils of cellulose em-
bedded in the matrix containing large amount of lignin.
Usually the primary cell wall becomes more lignified
Plasmodesmata. than secondary cell wall.

Functions of Cell Wall

The chief function of cell wall in plant cellsisthat it provides mechanical strength to the latter.
Like the exoskeleton or endoskeleton of animals, cell wall acts like a skeletal framework of plants.
Particularly in vascular plants, the cell walls provide the main supporting framework.

Despiteitsstrength, the plant cell wall isfully per meableto water and solutes. Thisisbecause
thematrix isriddled with minutewater-filled channel sthrough which freediffusion of water and water
soluble substances such as gases, salts, sugars, hormones and like can take place. Moreover, the
molecules of the matrix are strongly hydrophilic (“water-loving”) with the result that in normal
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circumstancesthe cell wall is saturated with water like asponge (e.g., primary cell wall is60 per cent
water by weight). The cross-linked structure of the cell wall is, however, found to slightly impedethe
diffusionof small moleculessuchaswater, sucroseand K*. Theaveragediameter of the spacesbetween
the cross-linked macromolecules in most cell wall is about 5 nm, thisis small enough to make the
movement of any globular macromoleculeswith aM.W. much above 20,000 daltonsextremely slow.
Therefore, plants must subsist on molecules of low molecular weight, and any intercellular signaling
molecules that have to pass through the cell wall must also be small and water soluble. In fact, most
of theknown plant signaling mol ecul es, such asgrowth regul ating substances—auxins, cytokininsand
gibberellins—have molecular weights of less than 500 daltons.

During lignification, lignin is deposited in spaces between the cellulose mol ecul es, making the
cell wall much more rigid, and rendering it imper meable. Once lignification is complete the
protoplasm can no longer absorb materials from outside the cell, which, therefore, dies. Hence,
lignifiedtissueisalwaysdead. Thus, alignifiedtissuebecomeswell adapted for twotypesof functions:
(2) It providesthe mechanical strength dueto its ligno-cellulose composition. (2) It transports water
and salts, since, lignification involves loss of the protoplasm resulting in the formation of a hollow
waterproof tube.

Origin and Growth of Cell Wall
The mechanism of cell wall formation includes the following steps:

1. Formation of matrix. Most cell wall
matrix components are transported via vesicles
derived from the Golgi apparatusand secreted by
exocytosis at the plasmamembrane. Golgi appa
ratus of the plant cells is involved mainly in
producing and secreting a very wide range of
extracellular polysaccharides, rather thanthegly-
coproteinstypical of animal cells. Thisisperhaps
due to following facts : (1) Each of the polysac-
charidesof cell wall matrix ismadeof two or more
sugars; (2) At least 12 types of monosaccharides
areusedintheir polymerization; (3) Most of these
polysaccharides are branched ; and (4) Many
covalent modifications are introduced in the
polysaccharides after they are synthesized. It is . )
estimated that several hundred different enzymes Schematie g::r?tr igl?:,;,?eneramd

hemicellulose

areengagedintheassembly of thepolysaccharide

componentsneededtoformatypi-
cal primary cell wall. Most of these
enzymes are found in the endo-
plasmic reticulum and Golgi ap-
paratus. Someenzymes, whichare
concerned with later covalent
maodificationsof thepolysacchar-
ides, are found in the cell wall
itsalf.

Since, thecell wall variesin
composition and morphology at

Cell wall growth studied in a moss leaf cell; progressive growth of differentlocationsaroundthecell,
cell wall microfibrils after 4 hours (left) and after 10 hours (right). the Golgi-derived vesiclesaredi-
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rected at specific regions of the plasma
membrane by the help of cytoskeleton
(i.e., microtubules and microfilaments).
For example, we can consider the case of
formation of new primary cell wall that
separatestwodaughter cellsafter thekaryo-
kinesisof mitosis. At theend of telophase,
abarrel-shaped or disc-likeregion, called
phragmoplast (Gr., phragma = hedge,
enclosure; plasso = to form) formsin the
planeof former spindleequator. Thephrag-
moplast comprises a double-ring of short
microtubules on either side of, and termi-
nating at, the division plane, and a set of
microfilamentsare coaligned withthemi-
crotubules. Golgi derived vesicles con-
taining cell wall precursors, especialy
pectin, are guided inward aong these
oriented microtubul esuntil they reachthe
phragmoplast, where they fuse with one
another to formthe cell plate (Fig. 5.30).
Cdll plate, at thisstage, comprisesfollow-
ing structures: (1) central middlelamella;
(2) primary cell walls on both sides of
middle lamella ; and (3) plasma mem-

Golgi apparatus cell plate
u

= . " microtubules

daughter
nucleus

chromo-
somes =

plasma= " =

membrane "W
cell wall_ 'I"I.'-I

space

vesicles from
Golgi apparatus

Fig. 5.30. Schematic representation of a cell of a higher
plant as seen at telophase in mitosis. In the phragmoplast
region, a region of membranes and microtubules, a cell
plate formsand grows until it separates the cytoplasm into
two daughter cells. The cell plate develops asamembrane-
delimited structure enclosing a space in which new cell-
wall will form. The Golgi apparatus contributes many
vesicles to the phragmoplast membrane; the vesicle mem-
branes apparently are incorportated into the membrane of
thecell plate and the vesicle contents enter theforming cell
wall (after Novikoff and Holtzman, 1970).

cytosol

distal ends of cellulose microfibrils
being integrated into pre-existing wall

plasma
membrane

cellulose
synthase

microtubule
attached to plasma
membrane

Fig. 5.31. A model explaining the mode of orientation of newly deposited cellulose microfibrils
according to orientation of cortical microtubules (after Alberts et al, 1989).
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brane lining cytoplasm of each daughter cell. Ultimately, the microtubular ring moves centrifugally
outward asGolgi vesiclescontinueto add precursorstothegrowing cell plate. Thecell platefuseswith
the mother cell wall to create two separate daughter cells. It is not clear which component of the
phragmopl ast—the microtubul es or the actin filaments (or both)—are responsible for the movement
and guidance of the Golgi derived vesicles (see Albertset al, 1989).

2. Synthesisand orientation of cellulosemicrofibrils. Inmost plants, celluloseissynthesized

on the external surface of the cell by a plasma
membrane bound enzyme complex, called cellu-
lose synthetase which uses a sugar nucleotide
precursor supplied from the cytosol, probably
UDP- glucose (Delmer, 1987). Asthey are being
synthesized, the nascent cellulose chains sponta-
neously assemble into microfibrils that form a
layer on the surface of the plasma membrane (a
lamella) inwhichall themicrofibrilshave moreor
less the same alignment (Note. Each cellulose | microtubule =
molecule has apolarity, havingal' and a4' end).
Cdlulose synthetase compl exes are thought to be
associated with the ends of growing microfibrils
and the sugars present in the extracellular matrix A model of cellulose fibril deposition
are polymerized into cellulose at these “terminal

lipid bilayer
rosette

cytoplasm

complexes’. Extension of a cellulose microfibril is presumably achieved by lateral movement of the
enzyme complex in thefluid phase of plasmamembrane, with the microfibril “ spun out” on the outer
surface of the membrane behind the moving enzyme complex (Fig. 5.31). The direction in which the
complex moves and the orientation of the microfibril depend on some interactions between the
membrane complex and the underlying cytoplasmic microtubules (i.e., microtubules of cell, cortex,
Herth, 1985). Because the cellulose is synthesized at the plasma membrane, each new wall lamella
formsinternally tothelast formedlamella. Thecell wall, therefore, consistsof concentrically arranged
lamellae, with the oldest on the outside (Brown, 1985).

REVISION QUESTIONS

1.

> w

Describe various models of plasma membrane and explain which of these modelsis dynamic and
why ?

Describe the ‘Fluid mosaic model’ of the plasma membrane. On the basis of this model explain
different functions of the plasma membrane.

Describe the chemical composition of plasma membrane.

Discuss in detail various functions of the plasma membrane.

What iscell wall ?Describethe chemical composition, structure, originand function of theplant cell
wall.

Writeshort notesonthefollowing: 1. Cell wall : itsstructureand function ; 2. Desmosome; 3. Active
transport ; 4. Endocytosis ; 5. lon pumps ; 6. Nexus ; 7. Receptor-mediated endocytosis ;
8. Plasmodesmata.

Differentiate between the following :

(i) Phagocytosis from pinocytosis;;

(i) Passive transport from active transport ;

(iii)  Macula adherens from macula occludens ;

(iv)  Primary cell wall from secondary cell wall.

Draw awell labelled diagram of “Fluid mosaic model” of the plasma membrane.

Describe the mode of origin and growth of cell wall.
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