All of life is conditioned by the
chemistry of water.

Cytoplasmic
Matrix

(Chemical Organization
of the Cell)

ells, tissues and organs are composed of chemicals,

many of which are identical with those found in non-

living matter, while others are uniqueto living organ-
isms. The study of chemical compounds found in living sys-
tems and reactions in which they take part is known as bio-
chemistry. Studiesof thestructure and behaviour of individual
molecules constitute molecular biology. If the‘secret of life’
is to be found anywhere it is in these molecules (Roberts,
1986).

Infact, al living systemsare subject to the samephysical
and chemical laws as are non-living systems. Within the cells
of any organism, theliving substance, or protoplasm, isitself
comprised of amultitude of non-living constituents : proteins,
nucleic acids, fats (lipids), carbohydrates, vitamins, minerals,
waste metabolites, crystalline aggregates, pigments, and many
others, all of which are composed of molecules and their
congtituent atoms. The protoplasm is alive because of the
highly complex organization of these non-living substances
and the way they interact with one another. Thisisjust like a
watch which isatimepiece only when al of its gears, springs,
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and bearings are organized in a particular way
and interact with one another. Neither the gears
of awatch nor the moleculesin protoplasm can
interact in any way that is contrary to universal
physical laws. Consequently, the more com-
pletely we can understand the functioning of
protoplasm and its constituents on the basis of
chemical principles, the more completely we

can understand the phenomenon of life.
As dready described in Chapter 3, the
= = cytoplasmic matrix or cytosol isthe fluid and
| soluble portion of the cytoplasm that exists
outside the organelles (Suzuki et al., 1986). In
this chapter the physical and chemical nature of

.."-_.... the cytosol will be described.
PHYSICAL NATURE OF CYTOSOL

Like small geometric units can be combined into higher-
order patterns similarly the properties of a living thing (OR CYTOPLASMIC MATRIX)
emerge from the precise arrangement of component The cytosol (cytoplasmic matrix) is a

parts: atoms, molecules, cell parts, cells and so on.

colourlessor greyish, translucent, viscid, gelati-
nousor jelly-likecolloidal substance. Itisheavier
thanwater and capabl e of flowing. In past, therehasbeen alot of controversy about thephysical nature
of the matrix. Different workers advanced different theories about the physical characteristics of the
matrix. Their theories can be represented asfollows :

1. Reticular theory suggests that the matrix is composed of reticulum of fibres or particlesin
the ground substances (Fig. 4.1 A).

2. Alveolar theory was proposed by Butschili in 1892 and according to it, the matrix consists
of many suspended droplets or alveoli or minute bubblesresembling the foams of emulsion. (Fig. 4.1 B).

s N
L-Ey}f.

Fig. 4.1. Physical appearance of protoplasm. A—Reticular, B—Alveolar,
C—Granular, and D—Fibrillar.

3. Granular theory was propounded by Altmann in 1893. Thistheory supportsthe view that
thematrix containsmany granulesof smaller andlarger sizearranged differently. Thesegranuleswere
known as bioplasts (Fig. 4.1 C).

4. Fibrillar theory was proposed by Fleming and it holds that the matrix isfibrillar in nature
(Fig. 4.1 D).

5. Colloidal theory hasbeen forwarded very recently after the el ectron microscopical observa-
tions of the matrix. According to the recent concept, the matrix is partly a true solution, partly a
colloidal system.
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A solution isamixture of liquid called solvent and any chemical substancein solid or liquid
state, called solute. In a solution the particles of solute should be less than 1/10,000 millimetre in
diameter. The solution part of the matrix consists of water as solvent in which various solutes of
biological importance such as glucose, amino acids, fatty acids, electrolytes, minerals, vitamins,
hormones and enzymes remain dissolved.

A colloidal system can be defined as a system which contains aliquid medium in which the
particlesranging from about 1/1,000,000to /10,000 millimetrein diameter, remain dispersed. Thus,
the colloidal state is acondition in which one substance, such as protein or other macromolecule, is
dispersed in another substanceto form many small phases suspended in one continuous phase. Inthis
way every colloidal system consists of two phases : a discontinuous or dispersed phase and a
continuous or dispersion phase. Whole of the protoplasm (cytoplasm + nucleoplasm) isacolloidal
solution, because the main mol ecular componentsof protoplasm— proteins—show all characteristics
of the colloidal state. Proteins form stable colloids because, firstly, they are charged ionsin solution
that repel each other, and, secondly each protein mol ecul e attractswater moleculesarounditindefinite
layers.

Phase Reversal

Cytosol (cytoplasmic matrix) like many colloidal systems, shows the property of phase
reversal. For example, gelatin particles (discontinuous phase) are dispersed through water (continu-
ous phase) in athin consistency that isfreely shakable (Fig. 4.2 A). Such aconditioniscaled a sol.
When the solution cools, gelatin now becomes the continuous phase and the water is in the
discontinuous phase. Moreover, now the solution has stiffened and becomes semisolid and is called

agel.

In gel state the molecules of
colloidal substance remain held to-
gether by various types of chemical

o b | - bonds or bond between H—H, C—H

" . or C—N. Thestability of gel depends
.-_..'l' Lo on the nature and strength of chemi-
o Rt cal bonds. Heating the gel solution

A B will causeit to become sol again, and

Fig.42. Sol and gel state of the cytosol. A—Sol conditionin | the phases are reversed. Under the

which gelatin particles are the discontinuous phase,
water the continuous phase; B—Gel condition in
which gelatin particles form continuous phase (net
work), enclosing water as discontinuous phase.

natural conditions, the phasereversal
of the cytosol (cytoplasmic matrix)
dependsonvariousphysiological, me-
chanical and biochemical activities
of the cell.

CHEMICAL ORGANIZATION OF CYTOSOL
(OR CYTOPLASMIC MATRIX)

Chemically, the cytoplasmic matrix is composed of many chemical elements in the form of

atoms, ions and molecules.

Chemical Elements

Of the92 naturally occurring elements, perhaps46 arefoundinthecytosol (cytoplasmicmatrix).
Twenty four of these are considered essentia for life (called essential elements), while others are
present in cytosol only because they exist in the environment with which the organism interacts. Of
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the24 essential elements, six play especially impor-
tant rolesin living systems. These major elements
are carbon (C, 20 per cent), hydrogen (H, 10 per
cent), nitrogen (N, 3 per cent), oxygen (O, 62 per
cent), phosphorus (P, 1.14 per cent) and sulphur (S,
0.14 per cent). Most organic molecules are built
with these six elements. Another five essential
elementsfound inlessabundancein living systems
are calcium (Ca, 2.5 per cent), potassium (K, 0.11
per cent), sodium (Na, 0.10 per cent), chlorine (Cl,
0.16 per cent) and magnesium (Mg, 0.07 per cent).
Severa other elements, called trace elements, are
alsofoundinminuteamountsinanimalsand plants,

(a) a person meditating; has a very
distinctive brain wave pattern

'JF.'.'.H.'IJI.I-.l I.IIII’I:LI.I'].'. =

(b) The brain wave pattern of the same
person while not meditating
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lons, Nerve impulses and Meditation. Na* are
crucial to electrical activity in the brain, which can
be monitored and recorded.

All matter is composed of atoms. Photo of
individual atoms on the surface of a silicon
crystal developed by tunneling microscopy.

but are nevertheless essential for life. Theseareiron
(Fe, 0.10 per cent), iodine(l, 0.014 per cent), molyb-
denum (Mo), manganese (Mn), Cobalt (Co), zinc
(Zn), selenium (Se), copper (Cu), chromium (Cr), tin
(Sn), vanadium (V), silicon(Si), nickel (Ni), fluorine
(F) and boron (B).

lons

The cytoplasmic matrix consists of various
kinds of ions. Theionsareimportant in maintaining
osmoatic pressure and acid-base balancein the cells.
Retention of ionsin the matrix produces an increase
in osmotic pressure and, thus, the entrance of water
in the cell. The concentration of variousionsin the
intracellular fluid (matrix) differs from that in the
interstitial fluid. For example, in the cell K* and
Mg** can be high, and Na* and Cl—high outside the
cell. In muscle and nerve cells a high order of
difference existsbetweenintracellular K* and extra-
cellular Na*. Free calciumions (Ca*™) may occur in
cells or circulating blood. Silicon ions occur in the
epithelium cells of grasses. The free ions of phos-
phate (primary, H,PO,—and secondary, HPO, ™)
occur in the matrix and blood. These ions act as a
buffering system and tend to stabilize pH of blood
and cellular fluids. The ions of different cells also
include sulphate (SO, ), carbonate (CO; ), bicar-
bonate (HCO; ), magnesium (Mg**) and amino
acids. Cellular functions of certain ions have been
tabulated in Table 4-1.

Contents
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3):16) =i Cellular functions of certain ions. (Source: Sheeler and Bianchi, 1987).

Functions

Element lonic form present
1. Molybdenum MoO,*
2. Cobalt Co?
3. Copper Cut, Cu?*
4. lodine I-
(Heaviest
trace element)
5. Boron BO,*, B,O,*
6. Zinc Zn?*
7. Manganese Mn?*
8. Iron Fe?t, Fe?*
9. Magnesium Mg?*
10.  Sulphur SO,%
11.  Phosphorus PO, H,PO,
12.  Calcium ca?t
13. Potassium K*

Cofactor or activator of certain enzymes
(e.g., nitrogen fixation, nucleic acid metabolism,
adehyde oxidation).

Congtituent of vitamin B,,.

Constituent of plastocyanin and cofactor of respira-
tory enzymes.

Constituent of thyroxin, triiodothyronine
and other thyroid hormones.

Activates arabinose isomerase.

Cofactor of certain enzymes (e.g., carbonic anhy-
drase, carboxypeptidase).

Cofactor of certain enzymes (e.g., several kinases,
isocitric decarboxylase).

Constituent of haemoglobin, myoglobin and cyto-
chromes.

Constituent of chlorophyll; activates ATPase en-
zyme.

Constituent of coenzyme A, biotin, thiamine, pro-
teins.

Constituent of lipids, proteins, nucleic acids, sugar
phosphates, nucleoside phosphates.

Constituent of plant cell walls; matrix component of
bone tissue; cofactor of coagulation enzymes.

Cofactor for pyruvate kinase and K*- stimulated
ATPase.

Electrolytes and Non-electrolytes

The matrix consists of both electro-
lytes and non-electrolytes.

(i) Electrolytes. The electrolytes
play a vital role in the maintenance of
osmotic pressure and acid base equilib-
rium inthe matrix. Mg?* ions, phosphate,
etc., are good examples of the electro-
lytes.

(i) Non-electr olytes. Someof min-
eralsoccur inmatrix innon-ionizing state.
The non-electrolytesof thematrix are Na,
K, Ca, Mg, Cu, I, Fe, Mn, Fl, Mo, Cl, Zn,
Co, Ni, etc. The iron (Fe) occurs in the
haemoglobin, ferritin, cytochromes and
someenzymesascatalaseand cytochrome

lonic compound Molecule
.- | | .
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Free ions Free ions Intact
electrolyte electrolyte (acid non-
(salt) or base) electrolyte

Fig. 4.3. Electrolytes and non-electrolytes.
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oxidase. The calcium (Ca) occurs in the blood, matrix and the bones. The copper (Cu), manganese
(Mn), molybdenum (Mo), zinc (Zn) are useful as cofactors for enzymatic actions. The iodine and
fluorine are essential for the thyroid and the enamel metabolism, respectively.

TYPES OF COMPOUNDS OF CYTOSOL

Chemical compounds are conventionally divided into two groups : organic and inorganic.
Organic compounds form 30 per cent of atypical cell, rest are the inorganic substances such aswater
and other substances.

Table 4-2 The approximate per centage composition of the human body
| (Source: Roberts, 1986).

Substance Per centage
1. Water 65
2. Protein 18
3. Fat 10
4. Carbohydrate 5
5. Other organic 1
6. Inorganic 1

INORGANIC COMPOUNDS

The inorganic compounds are those compounds which normally found in the bulk of the
physical, non-living universe, such as elements, metals, non-metals, and their compounds such as
water, saltsand variety of electrolytesand non-electrolytes. Inthe previous section, wehave di scussed
a lot about the inorganic substances except the water which will be discussed in the following

paragraph.
Water

The most abundant inorganic component of the cytosol isthe water (the notable exceptionsare
seeds, boneand enamel). Water constitutesabout 65 to 80 per cent of thematrix. Inthematrix thewater
occursintwo forms, viz, free water and bound water. The 95 per cent of thetotal cellular water is
used by the matrix as the solvent for various inorganic substances and organic compounds and is
known asfreewater. Theremaining 5 per cent of thetotal cellular water remainsloosely linked with
protein molecules by hydrogen bonds or other forces and is known as bound water .

Thewater contents of the cellular matrix of an organism depend directly on the age, habitat and
metabolic activities. For instance, the cell sof theembryo have 90to 95 per cent water which decreases
progressively inthecellsof theadult organism. Thecellsof lower aquati c animal scontain comparative
high percentageof thewater thanthe cellsof higher terrestrial animals. Further the percentage of water
in the matrix also varies from cell to cell according to the rate of the metabolism.

Molecular structure of water. The special physical properties of water are found in its
molecular structure. Water is formed by the combination of hydrogen and oxygen through the
formation of covalent bonds, in which atoms by sharing pairs of electrons, become linked together
(Fig. 4.4). Covalent bonds are strong chemical bonds between atoms and contain arelatively large
amount of chemical energy (110.6kilocal ories’Moleor 462 kilojoules/Mole€). In Figure4.4hydrogen
is shown with its one electron which it may share with an oxygen atom. Each oxygen atom has two
electrons which it may share with two hydrogen atoms.

Unique physical properties of water and their biological utility. There are severa
extraordinary properties of water that make it especially fit for its essentia rolein the protoplasmic
systems (i.e., cytosol or matrix). Some of the unique properties of water are the following :



1.Water asasolvent.
Waterismost stableyet ver-
satileof all solvents. Water's
properties as a solvent for
inorgani csubstancesasmin-
eral ions, solids, etc., and
organic compounds such as
carbohydratesand proteins,
depend on water’s dipole
nature. Because of this po-
larity, water can bind elec-
trostatically to both posi-
tively and negatively
charged groups in the pro-
tein. Thus, eachaminogroup
in aprotein moleculeis ca-
pable of binding 2.6 mol-
ecules of water. The sol-
vency is of great biological
importance because all the
chemical reactionsthat take
place in the cells do so in
aqueous solution. The wa-
ter also formsthe good dis-
persion medium for the col-
loidal system of the matrix.

2. Water’s thermal
properties. Water is the
only substance that occurs
in natureinthethree phases
of solid, liquid and vapour
withintheordinary range of
earth’s temperatures. Wa-
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Fig. 4.4. Structure of a water molecule : A— How two hydrogen

atoms share their single electrons with oxygen atom; B—
The hydrogen atoms position themselves to one side of the
oxygen, leaving a relatively negative cloud of electrons
exposed on other side. The electrons of the hydrogen are
maintained close to the oxygen, leaving the hydrogen rela-
tively positivesinceitsprotonisexposed; C— A tetrahedron
isformed due to formation of hydrogen bonds between four

water molecules.

ter hasahigh specific heat : it requires 1 calorie (4.185 joules) to elevate the temperature of 1 gram
of water by 1°C (suchasfrom15to0 16°C). Such ahighthermal capacity of water hasagreat moderating
effect on environmental temperature changes and is a great protective agent for all life.

Water al'so hasahigh heat of vaporization. It requires more than 540 cal ories (2259 joul es) to
change 1 gram of liquid water into water vapour. Thus, water tendsto have aremarkably high boiling
point (100° C) for asubstance of such low relativemol ecular mass. Wereit not for thislucky accident,
itislikely that liquid water would never have existed on earth and woul d have been | ost to outer space.
Further, for terrestrial plantsand animal s, cooling produced by theevaporation of water isanimportant
means of getting rid of excess heat. Moreover, at the other temperature extreme, large amounts of
energy (335joulesor 80 cal per gram) must belost for water to be converted fromtheliquidto thesolid
state. Thisiscalled heat of fusion.Water's melting point being 0° C.

Another important property of water from a biological standpoint is its unique density
behaviour during change of temperature. M ost liquids become continually more densewith cooling.
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Water, however, reachesitsmaximum density at
4° C and then becomes lighter with further cool -
ing. Therefore, ice floats rather than settling on
the bottom of |akes and ponds. This protectsthe
aquatic life from freezing.

3. Surface tension. Water has a high
surface tension. This property, caused by the
great cohesivenessof water molecul es, isimpor-
tant in the maintenance of protoplasmic form
and movement. Despiteitshigh surfacetension,
water haslow viscosity, a property that favours
the movement of blood through minute capillar-
iesand of cytoplasm inside cellular boundaries.

Molecules dissolved in water, lower its
surface tension and tend to collect at the inter-

A basilisk lizard runs across a pond, putting the
water’s surface tension to good use.

face between its liquid phase and other phases.
This may have been important in the development of the plasma membrane, and certainly plays an
important role in the movement of molecules acrossit.

4. Transparency. The water is transparent to light, enabling the specialized photosynthetic
organelles, thechloroplast, insidetheplant cell to absorb the sunlight for the processof photosynthesis.
ORGANIC COMPOUNDS

The chemical substances which contain carbon (C) in combination with one or more other
elementsashydrogen (H), nitrogen (N), sulphur (S), etc., arecalled or ganic compounds. Theorganic
compounds usually contain large molecules which are formed by the similar or dissimilar unit
structure known asthe monomers. A monomer (Gr., mono=one, meros=part) isthe simplest unit of
the organic molecule which can exist freely. Some organic compounds such as carbohydrates occur
in the matrix as the monomers. The monomers usually link with other monomersto form oligomers
(Gr., oligo=few or little, meros=part) and polymers (Gr., poly=many, meros=part). The oligomers
contain small number of monomers, while the polymers contain large number of monomers. The
oligomersand polymers contain large-sized mol ecul es or macromolecul es. When apolymer contains
similar kinds of monomersinitsmacromoleculeit isknown ashomopolymer and when the polymer
iscomposed of different kindsof mono-
mersitisknownastheheter opolymer.

Themain organic compounds of
the matrix are the carbohydrates, lip-
ids, proteins, vitamins, hormones and
nucleotides.

Carbohydrates

The carbohydrates (L.,
carbo=carbon or coal, Gr.,
hydro=water) are the compounds of
thecarbon, hydrogenandoxygen. They
form the main source of the energy of

all living beings. Only green part of
plants and certain microbes have the
power of synthesizing the carbohy-

Simple sugars: Many animals consume sugar like this
butterfly consuming nectar, a solution rich in glucose.
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drates from the water and CO, in the presence of sunlight and chlorophyll by the process of
photosynthesis. All the animals, non-green parts of the plants (viz, stem, root, etc.), non-green plants
(e.g., fungi), bacteria and viruses depend on green parts of plants for the supply of carbohydrates.

Chemically the carbohydrates are polyhydroxy aldehydes or ketones and they are classified as
follows:

A. Monosaccharides (Monomers), B. Oligosaccharides (Oligomers), and C. Polysaccharides
(Polymers).

A. Monosaccharides. The monosaccharides are the simple sugars with the empirical formula
Cn (H,0O)n. They areclassified and named according to the number of carbon atomsintheir molecules
asfollows:

(i) Trioses contain three carbon atoms in their molecules, e.g., glyceraldehyde and dihydroxy
acetone.

(i) Tetroses contain four carbon atomsin their molecules, e.g.,erythrulose and erythrose.

(ii1) Pentoses contain five carbon atomsin their molecules, e.g., ribose, ribul ose, deoxyribose,
arabinose and xylulose.

(iv) Hexoses contain six carbon atomsin their molecules, e.g., glucose, mannose, fructose and
galactose.

(V) Heptoses contain seven carbon atoms in their molecules, e.g., sedoheptul ose.

The monosaccharides usualy exist as isomers. For example, three hexose sugars—glucose,
fructose, and galactose, contain the
same number of carbon, hydrogen and
oxygenatoms(i.e., CsH,,0p), but they
are different sugars because of differ- B
ent arrangements of the atoms within
the molecules. Glucose and galactose
areoptical isomersor sterecisomers.
If a carbon atom is present in a mol-
ecule which has four different chemi-
cal groupsbondedtoit, thegroupscan
be arranged in two distinct spatial ar-
rangements about the carbon atom
(such a carbon atom is often called £
asymmetriccar bon atom). Thesetwo
different arrangements are known as
the mirror-images and a convenient
example of such mirror-image struc-
tures are the two human handswhich areidentically structured but which cannot be superimposed on
each other. Thetwo isomers are designated as ‘D’ or ‘L’ by analogy to D— and L— glyceraldehyde,
which are aldotrioses.

Most of the monosaccharides are optically active, meaning that their asymmetric carbon ()
causetherotation of planeof polarisedlight. Mol ecul esthat rotatethe planeof polarizationtotheright,
asonefacesthelight source, arecalled dextrorotatory and aredesignated d or (+), whilethe opposite
caseislevorotation, designated | or (-). It isimportant to remember that the capitals D and L refer
to structure, whereas the lower case d and | refer to optical activity established before the structure
could be determined (see Dyson, 1978). Thus, one sees references to D (+) -glucose, also called
dextrose. and D (-) -fructose, also called levulose.

Simple carbohydrates: sugarcanes store large
guantities of sucrose in special cells.
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Further, for the sake .

of simplicity, sugars can be Y
represented in a linear| pc=0 H,C— OH CHzOH H|C=O IC —H
straight chain form| | | |

. _ C=0 c=0 HC = OH H—C—OH
(Fig. 4.5). Infact, however, F{C OH | | | |
themoreimportant configu- |H,C —OH  H,C —OH H—C—OH H|C = OH H— |C —
rationisthecyclicone; itis H_é —OH  HC—OH H—C—OH
anisomer having an oxygen | l |
bridge between two of the CH2OH HoC—OH nl= (l: —OH
carbons. Ring formationin- CH2OH
troduces a new asymetric .

. Ribulose) (Ribose) (D. Glucose)
carbon at position one. The @m—se_)\(ﬁm’se)) (\'__,)\(f_J - —
stereochemistry of (Triose) (Pentose) (Hexose)
monosaccharides is such Fig. 4.5. Structure of some monosaccharides.

that theringformediseither
five- or six- membered; a seven-membered ring would involve too much strain. In pentose (five-
carbon) sugars such asribose, afive-membered furanoseringisformed. In hexoses such asfructose
and glucose, a six-membered pyranosering isformed (Fig. 4.6). A useful way of representing the
ring-structures of sugars was proposed by Haworth (1927). The pyranose or furanose ring is
considered to be in the plane perpendicular to the plane of the paper; thus, in gluco-pyranose, carbon
atom 2 and 3 arein front of the paper, and carbon atom 5 and the ring oxygen lie behind the plane of
the paper. The substitute groups are either above or below the plane of the ring (see Ambr ose and
Easty, 1977).

HO CHg H

4KH
H[3 2 OH

OH OH

(o

Fig. 4.6. Ring structures of monosaccharides proposed by Haworth. A—Glucose; B— Fructose; C—Ribose
(after Ambrose and Easty, 1977).

The monosaccharides are the monomers and cannot split further or hydrolysed into the simpler
compounds. The pentoses and hexoses are the most abundantly occurring monosaccharides of the
matrix.

The pentose sugar, ribose istheimportant constituent molecule of the ribonucleic acid (RNA)
and certain coenzymes as nicotinamide adenine dinucleotide (NAD), NAD phosphate (NADP),
adenosinetriphosphate (ATP) and coenzyme A (CoA). Another pentose sugar the deoxyriboseisthe
important constituent of the deoxyribonucleic acid (DNA). Theribulose isapentose sugar whichis
necessary for photosynthetic mechanism.

Theglucose, ahexosesugar, isthe primary source of theenergy for thecell. The other important
hexose sugars of the matrix are the fructose and galactose.

B. Oligosaccharides. The oligosaccharides consist of 2 to 10 monosaccharides (monomers) in
their molecules. The monomers remain linked with each other by the glycosidic bonds or linkages.
Certain important oligosaccharides are as follows :
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(i) Disaccharidescontaintwomonomers,
CH20H CH20H e.g., sucrose, maltose, lactose, etc.
(ii) Trisaccharides contain three mono-
H O mers, e.g.reffinose, mannotriose, rabinose,
H H rhaminose, gentianose and melezitose.
(iii) Tetrasacchar idescontainfour mono-
mers, e.g.,stachyose and scordose.
OH (iv) Pentasaccharidescontainfivemono-
H OH i o mers, e.g., verbascose. _ _

Fig. 4.7. Chemical formulaof lactose. The most abundant ollgosa(_:charld0§ of
the animal and plant cells are the disaccharides
such as sucrose, maltose and lactose. The su-

crose and maltose occur mainly inthe matrix of plant cells, whilethelactose occursexclusively inthe
matrix of animal cells. The molecules of sucrose are composed of D-glucose and D-fructose. The
mol ecules of maltose consist of two molecules of D-glucose. The molecul es of lactose are composed
of twomonomers, viz., D-glucoseand D-gal actose. Likemonosaccharidesall disaccharidesaresweet,

soluble in water and crystallizable.
C. Polysaccharides. The polysaccharides Aol CH,0H
are composed of ten to many thousands monosac-
charidesasthemonomersintheir macromol ecul es. O H
Their empirical formulais (CgH,,Og)n. The mol-
ecules of the polysaccharides are of colloidal size oH II|.OH
having high molecular weights. The polysaccha- .
rides can be hydrolysed into simple sugars.
Polysaccha- o
CH,OH rides can be divided OH H  OH
o 0 K into two main func- Fig. 4.8. Chemical formula of maltose.
o L tional groups : the
.;.OH structural polysac-
charides and the nutrient polysaccharides. The structural polysaccha-
e rides serve primarily as extracellular or intracellular supporting ele-
H HO ments. Included in this group are cellulose (found in plant cell wall),
mannan (ahomopolymer of mannose found in yeast cell walls), chitin
0 (in the exoskeleton of arthropods and the cell walls of most fungi and
some green algae), masses of
- hyal uronic aci d, "
=0 keratin sulphateand globules
L .':. chondroitin  sul-
H  HO. phate (thesethreeare S
H GOl foundin cartilageand
OH H other connective tis-

sues) and the
peptidoglycans (in
bacterial cell wall).
Thenutrient polysaccharides serve asreserves of e ]
monosaccharides and are in continuous metabolic - L ! B ol
turnover. Included in this group are starch (plant =

cellsand bacteria), glycogen (animal cells), inulin | starch is an energy-storage polysaccharide made

Fig. 4.9. Chemical
formula of sucrose.

(plants such as artichokes and dandelions) and of glucose subunits.
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paramylum (an unbranched nutrient and storage ho-
mopolymer of glucose found in certain protozoa, e.g.,
Euglena).

Molecules of some polysaccharides are un-
branched (i.e., linear) chains whose structure may be
ribbon-like or helical (usualy a left-handed spiral).
Other polysaccharides are branched and, like many
proteins, assume a globular form.

Onthechemical basis, thepolysaccharidescanbe
dividedintotwo broad classes: thehomopolysaccharides
and the heteropolysaccharides.

T.S of adipose cells of a mammal
where fat is stored.

Homopolysaccharides. The homopoly-
saccharides contain similar kinds of monosac-
charidesintheir molecules. Themostimportant
homopolysaccharides of the matrix are the
starch, glycogen, paramylum and cellulose.

(a) Starch. Starch is a nutrient, storage
polysaccharide of plant cells (e.g., potato tu-
bers). It usually occursin cells in the form of
grainsor granules(they arelocated inside the
spherical plastids). Starch granules contain a mixture of two different polysaccharides, amylose and
amylopectin, and the relative amounts of these two polysaccharides vary according to the source of
thestarch. Amyloseisan unbranched 1—4 polymer of glucose and may be several thousand glycosyl

Glycogen granules in a liver cell.
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Fig. 4.10. A— Left-handed helix formed by the amylase polysaccharide; B—"Bush”- or “tree-like’
structureof theglycogen molecule. Glucoseunitsarerepresented by circlesandthebranch points
(i.e., 1— 6 linkages) by heavier connections. The A chains are shown by open circles. The B
chains are shown in thelight shaded circles. The C chainis shown in dark shade. The reducing
end (—OH group containing end) is denoted by the letter R.
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unitslong. The polysaccharide chain existsin the form of aleft-handed helix containing six glycosyl
residues per turn (Fig. 4.10 A). The familiar blue colour that is produced when starch is treated with
iodineisbelievedtoresult fromthe coordination of iodineionsintheinterior of the helix. (Infact, such
a colour reaction occurs when helix contains minimum six helical turns or 36 glycosyl units).
Amylopectinisglycogen-likeandisabranched polysaccharide containing many 1—4- andfew 1—6-
linked glucosyl units.

(b) Glycogen. Glycogen or animal starch isabranched, nutrient, storage homopolysaccharide
of all animal cells, certain protozoaand algae. Itisparticularly abundant inliver cellsand musclecells
of man and other vertebrates. Glycogen ismore solublethan starch and existsin the cytoplasm astiny
granules. Glycogen molecules exist in a continuous spectrum of sizes, with the largest molecules
containing many thousands (e.g., 30, 000) of glucose or glycosyl units. Each glycogen molecule
consists of long, profusely branched (* bush’-or ‘tree-like' structure; Fig. 4.12B) chains of a.-glucose
molecules. The glycosidic bonds are established between carbon 1 and 4 of glucose (i.e., o-1—4
linkages) except at the branching points, whichinvolvelinkages between carbon 1 and 6 (i.e., o-1—6
linkages) (Fig. 4.11). A glycogen molecule containsthreetypesof chains— A, B and C. Thereisonly
one C chain which bears many B and A chains and endsin the free reducing group (i.e., carbon 1 of
glucose at the end of C chain bears ahydroxyl or OH group). The B chains are attached directly to
Cchainandbear oneor moreA chains.

The A chain may also belinked to the . u
C chain. [ i
(C) Cellulose. Celluloseismost L '1

common and abundant biological
product on earth. It isamajor compo-
nent of cell wallsof plantsandisalso
found in the cell walls of algae and .
fungi. Cellulose is an unbranched = O F
(straight) structural polysaccharide of
glucose in which the neighboring
monosaccharidesarejoined by f-1—4

hydrogen bonds
cross-linking
cellulose molecules

CH,OH H OHs  CH,OH
.‘) — FO
e o on HEL PR . 102 7OH d i i
0" OH .H HIH = O H HIH H g o . bundle of cellulose
— = I individual cellulose fibre
H OH CH,OH H OH CH,OH celluose molecules molecules

Cellulose structure and function.
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glycosidic bonds. Chain
CHZO('; {-H-0H CH,OH CH,OH | lengthsvary fromseveral
" I - S J =, . 0 | hundred to severa thou-
- _:_0H _1. o r 1 . O'F " "o .- ': * | sand glycosyl units (e.g.,
7 -i)i } nOH " OH | in the agae Valonia, a
| | single molecule of cellu-
OH ol OH OH | lose may contain more
than 20,000 glycosyl
Fig. 4.12. Chemical formula of cellulose. units). Inacellulosemol-

eculesuccessivepyranose
rings are rotated 180° relative to one another so that the chain of sugars takes on a “flip-flop”
appearance (Fig. 4.12). Duetothis, the OH groups of sugar molecul es stick outwards from the chain
in al directions which can form hydrogen bonds with OH groups of neighbouring cellulose chains,
thereby establishing a kind of three-dimensional lattice. Thus, in plant cell walls 2000 cellulose
mol eculesare organized into cross-linked, parallel micr ofibrils(having 25 nm diameter), whoselong
axisisthat of theindividual glucose chain.

(d) Chitin. Chitinisan extracellular structural polysaccharidefound inthe cell walls of fungal
hyphae and the exoskeleton of arthropods. The chemical structure of chitinis closely related to that
of cellulose; the differenceisthat the hydroxyl group of each number 2 carbon atomisreplaced by an
acetamidegroup. Hence, chitinisan unbranched polymer of N-acetylglucosaminecontaining several
thousand successive aminosugar units linked by B-1—4
glycosidic bonds.

The plant cells besides containing starch and the
cellulose contain other polysaccharides such as xylan,
alginic acids (algae), pectic acids, inulin, agar-agar and
hemicellulose. Of these, some polysaccharides provide
mechanical support to the cell, while others are used as
stored food material.

Heter opolysac-charides. Thepolysaccharideswhich
are composed of different kinds of the monosaccharides
and amino-nitrogen or sulphuric or phosphoric acids in
their molecul es are known as heteropolysac-charides. The
most important heteropolysaccharides are as follows:

(a) Hyaluronic acid, keratin sulphate and chon-

Tough, slightly flexible chitin

droitin sulphate. Cartilage tissue contains the related
acidicheteropolysaccharidessuchashyaluronicacid, kera-

supports the otherwise soft
bodies of arthropods and fungi.

CH,OH CH,OH CH,OH CH,OH CH,OH

(¢} (0] 0] () (0]

e} (¢}

OH 0 K oH O\ oH OH OH S

NH I\IIH i\lH Il\lH ;\IH

(13 =0 cC=0 c=0 c=0 C|) =10

l l | l b

CHs CHs CHg CHg 3

Fig. 4.13. A small segment of achitin molecule.
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tin sul phateand chondroitin sulphate. Hy-
aluronic acid is an unbranched
heteropolysaccharide containing repeat-
ing disaccharidesof N-acetylglucosamine
(or D-glucosamine) and glucuronic acid.
Inaddition to cartilage, hyaluronic acidis
also found in other connective tissues, in
the synovial fluid of joints, inthevitreous
humor of theeyes, and alsointhecapsules
that enclose bacteria.

Keratin sulphate, like hyaluronic
acid, is arepeating disaccharide forming
an unbranched chain. Each disaccharide
unit of the polysaccharide consists of D-
galactose and sulphated N-acetylgluc-
osamine. It is found in cartilage and
cornea.

Chondroitin sulphate is a repeat-
ing disaccharide consisting of alternating
glucuronic acid and sulphated N-acetyl
galactosamine residues. It is found in
cartilage, bone, skin, notochord, aortaand
umbilical cord.

(b) Heparin. Heparin is a blood
antlcoaQUIant andfoundintheskin, liver, Chitin is a primary component of the glistening outer
lung, thymus, spleen and blood. Its mol- skeleton of this grasshopper.
ecule contains the repeated disaccharide
units, each having D-glucuronic acid and D-glucosamine.

(c) Proteoglycans, glycoproteins and glycolipids. Polysaccharides also occur in covalent
combination with proteins and lipids, to form the following three types of molecules :

(1) Proteoglycans. The molecules of proteoglycans consist of much longer portion of polysac-
charide and a small portion of protein. They are also called mucoproteins (De Robertis and De
Robertis, Jr., 1987). The proteoglycans are amorphous and form gels which are able to hold large
amounts of water.

The cartilage proteoglycan is found extracellularly in cartilage and bone. In its molecule,
strands of protein, called cor e protein, extend radially fromalong, central hyaluronic acid molecule.
In each core protein strand, three carbohydrate bearing regions may be identified. The first region
contains numerous oligosaccharides, the second region contains keratin sul phate chains and the third
region containschondroitin sulphate chains. Thisarrangement givescartilageitsresilienceandtensile
strength.

(i) Glycoproteins(or glycosaminoglycansor mucopolysacchar ides). Inthese molecul es, the
carbohydrate portion consists of much shorter chainswhich are often branched. Glycoproteins serve
diverserolesin cellsand tissues and include certain enzymes, hormones, blood groups, saliva, gastric
mucin, ovomucoids, serum, albumins, antibodies or immunoglobins (see Table 4.3).

(ii1) Glycolipids. These molecules are covaent combinations of carbohydrate and lipid. The
carbohydrate portion may be asinglemonosaccharideor alinear of branched chain. Glycolipidsform
the component of most cell membranes, e.g., cerebrosides and gangliosides.
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Table 4-3. Carbohydrate content of glycoproteins (Source: Sheeler and Bianchi, 1987).

Glycoprotein Per centage of Function
carbohydrate
1. Ovabumin 1 Hens-egg food reserve
2. Follicle-stimulating 4 Hormone
hormone (FSH)
3. Fibrinogen 5 Blood coagulation protein
4. Transferrin 6 Iron transport protein of blood
plasma
5. Ceruloplasmin 7 Copper transport protein of
blood plasma
6. Glucose-oxidase 15 Enzyme
7. Peroxidase 18 Enzyme
8. Luteinizing 20 Hormone
hormone
9. Heptoglobin 23 Haemogl obin-binding protein
of blood plasma
10. Erythropoietin 33 Hormone
11. Mucin 50-60 Mucus secretion
12. Blood-group 85 Unknown
glycoprotein

Lipids (Fats)

The lipids (Gr., lipos=fats) are the organic compounds which are insoluble in the water but
soluble inthe non-polar organic solvents such as acetone, benzene, chloroform and ether. The cause
of this general property of lipids is the predominance of long chains of aliphatic hydrocarbons or
benzene ring in their molecules. The lipids are non-polar and hydrophobic. The common examples
of lipids are cooking oil, butter, ghee, waxes, natural rubber and cholesteral. Like the carbohydrates,
lipids serve two major rolesin cells and tissues : 1. They occur as constituents of certain structural
componentsof cellssuchasmembranousorganelles; plant pigmentssuch ascar otenefoundin carrots
and lycopene that occursin tomatoes; vitaminslike A, E and K; menthol and eucalyptus oil; and (2)

(a) Fat is an efficient way to
store energy.

they may be stored within cellsasreserve energy sources. Likethe
starch and glycogen, fat is compact and insoluble and providesa
convenient form in which energy-yielding molecules (the fatty
acids) can be stored for use when occasion arises.

Lipids are all made of carbon, hydrogen and sometimes

(b) Wax is a highly saturated lipid.

oxygen. Thenumber of oxy-
gen atoms in a lipid mol-
ecule is aways small com-
pared to the number of car-
bonatoms. Sometimessmall
amounts of phosphorus, ni-
trogen and sulphur are also
present. Natural fatsand oils
are compounds of glycerol
(i.e., glycerine or propane-
1,2, 3triol) and fatty acids.
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They are esters which are formed due to reaction of organic acids with
alcohols. Thereisonly onekind of glycerol : itsmolecular configuration
shows no variation and it is exactly same in all lipids. The formula of H-
glycerol is C;HgO, and following isits molecular structure :

Fatty acids. A fatty acid molecule is amphipathic and has two H
distinct regions or ends:. along hydrocar bon chain, whichishydropho-
bic (water insoluble) and not very reactive chemically, and a car boxylic
acid group whichisionized in solution (COO~), extremely hydrophilic
(water soluble) and readily forms esters and amides. In neutral solutions,
salts of the fatty acids form small spherical droplets or micellesin which
the dissociated carboxyl groups occur at surface and the hydrophobic carbon chains project towards
the centre. In cells, the fatty acids only sparingly occur freely; instead, they are esterified to other
components and form the saponifiable lipids.

A fatty acid molecule may be either saturated or unsaturated. Thesatur ated fatty acidsconsist
of long hydrocarbon chains terminating in a carboxy! group and conform to the general formula:

CH; - (CH,),— COOH

In nearly all naturally occurring fatty acids, nisan even number from 2 to 22. Inthe satur ated
fatty acids, most commonly found in animal tissues, n is either 12 (i.e., myristic acid), 14 (i.e,
palmiticacid) or 16 (i.e., stearicacid). Inunsaturated fatty acids, at least two but usually no more
than six of the carbon atoms of the hydrocarbon chain are linked together by double bonds (- C= C
-), eg., oleic acid, linoleic, linolenic, arachidonic and clupanadonic acids. Double bonds are
important because they increase the flexibility of the hydrocarbon chain, and thereby the fluidity of
biological membranes. Unsaturated fatty acids predominatein lipids of higher plantsand in animals
that live at low temperatures. Lipidsin thetissues of animalsinhabiting warm climates contain larger
guantities of saturated fatty acids.

Essential fatty acids. Someanimals, especially mammals, areunableto synthesize certain fatty
acids and, therefore, require them in their diet. They are called essential fatty acids and include
linoleic acid, linolenic acid and arachidonic acid. Such essential fatty acids haveto be obtained from
plant material by the animal.

Typesof lipids. Thelipids are classified into three main types: 1. simplelipids, 2. compound
lipids and 3. derived lipids.

1. Simplelipids. The simple lipids are alcohol esters of fatty acids:

Lipase
Triglyceride ——— Glycerol + 3 Fatty acids.
(Simplelipids) H,O

©)

H

o
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H
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H
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|
Cll— H

H
Glyceroal

Simple lipids are also of following two types:

(a) Neutral fats (Glyceridesor triglycerides). They are triesters of fatty acids and glycerol.
Neutral fats represent the major type of stored lipid and so accumulate in the cytoplasm.

(b) Waxes. Waxes have ahigher melting point than neutral fats and are the esters of fatty acids
of high molecular weight withtheal cohol except theglycerol. The most important constituent alcohol
of the molecules of waxesisthe cholesteral, e.g., bees wax.

2. Compound lipids. The compound lipids contain fatty acids, alcohols and other compounds
as phosphorus, amino-nitrogen carbohydrates, etc., in their molecules. Some of the compound lipids
areimportant structural componentsof thecell, in particular of cell membranes. The compound lipids
of the cell are of the following types :
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() Phospholipids (or Glycerophos-phatides).
Such type of lipids form the major constituent of cell
membranes. In amolecule of phospholipid two of the
—OH or hydroxy! groupsinglycerol arelinkedtofatty
acids, whilethethird—OH groupislinked to phospho-
ric acid. The phosphate is further linked to a hydro-
philic compound such asetanolamine, choline, inosi-
tol or serine. Each phospholipid molecule, therefore,
has hydrophobic or water-insoluble tail which is com-
posed of two fatty acid chains and a hydrophilic or
water-soluble polar head group, wherethe phosphateis
located. Thus, in effect the phospholipid moleculesare

Waxes give plums their delicate whitish detergents, i.e., whenasmall amount of phospholipidis
S0 EVe) S S EIRUS e Vs spread over the surface of water, there forms a mono-
layer film of phospholipid molecules; in thisthin film,
tail regions pack together very closely facing theair and
their head groups are in contact with the water (Fig.
4.14). Two such films can combinetail totail to makea
phospholipid sandwich or self-sealing lipid bilayer,
which is the structural basis of cell membranes.

Various membranes of cell contain the following
four typesof phospholipids: 1. phosphatidyl cholineor
lecithin; 2. phosphatidyl ethanolamine or cephalin;
3. phosphatidy! serine; and 4. phosphatidyl inositol.
The other important phospholipids of the matrix are the
phosphoinositides (occur mostly in the cells of liver,
brain, muscleand soyabean), plasmal ogensandisositides.
Plasmal ogensareaspecial classof phospholipidswhich
are especially abundant in the membranes of nerve and
muscle cells and are also characteristic of cancer cells. A soap micelle.

L iposomes. When aqueous suspensions of phos-
pholipids are subjected to rapid agitation by using ultrasound (i.e., insonation), the lipid dispersesin
thewater and formsliposomesor lipid vesicles. Liposomesare small spherical bodies(25nmto1um
indiameter) whose surfaceisformed by abilayer of phospholipid moleculesenclosingasmall volume
of the aqueous medium. They exhibit many of the permeability properties of natural membranes, i.e.,
water soluble small moleculesor ions can be enclosed by the liposomesand they can also traversethe
lipid bilayer of latter. Recently, liposomes have been found to have great therapeutic promise, since,
they can be used as vectorsfor the transfer of specific drugs, proteins, hormones, nucleic acids, ions
or any other molecul e into the specific types of animal cells. The contents of the liposomes can enter
thetarget cellsby two routes: 1. Theliposomes can attach to the surface of target cellsand may fuse
withtheplasmamembrane, following whichtheir contentsarerel easedintothecytosol or cytoplasmic
matrix. 2. The entire liposomes may be endocytosed and degraded intracellularly (see Sheeler and
Bianchi, 1987).

(if) Sphingolipids. The sphingolipids occur mostly in the cells of the brain. Instead of the
glycerol, they contain in their molecules amine a cohol (sphingol or sphingosine). For instance, the
myelin sheaths of the nerve fibres contain a lipid known as sphingomyelin which contains
sphingosine and phospholipidsin its molecules.

(ii1) Glycalipids. The glycolipids contain in their molecules the carbohydrates and the lipids.
The matrix of theanimal cells containstwo kinds of glycolipids, viz, cerebrosides and gangliosides.

(a) Cerebrosides. The cerebrosides contain in their molecules sphingosine, fatty acids and
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galactose or glucose. The cerebrosidesaretheimportant lipids of thewhite matter of thecellsof brain
and the myelin sheath of the nerve. The important cerebrosides are the kerasin, cerebron, nervon and
OXynervons.

(b) Gangliosides. The gangliosides have complex molecules which are composed of sphin-
gosing, fatty acidsand one or more mol ecules of glucose, lactose, galactosamine and neuraminic acid.
The gangliosides occur in the grey matter of the brain, membrane of erythrocytes and cells of the
spleen. Gangliosides act as antigens.

One type of ganglioside, called GM 2, may accumulate in the lysosomes of the brain cells
because of agenetic deficiency that resultsin the failure of the cellsto produce alysosomal enzyme
that degrades this ganglioside. This condition is called Tay-Sachs disease and leads to paraysis,
blindness and retarded development of human beings.

3. Derived lipids (or Nonsaponifiable lipids). Some type of
lipids do not contain fatty acids in their constituents and they are of
following three types :

A. Terpenes. Theterpenesinclude certain fat-solublevitamins
(e.g., vitamins A, E and K), carotenoids (e.g., photosynthetic pig-
ments of plants), and certain coenzymes (such as coenzyme Q or
ubiquinone). All theterpenesare synthesized from various numbers of
a five-carbon building block, called isoprene unit (Fig. 4.17). The

isoprene units are bonded together in ahead-to-tail organization. Two | Chlorophyll present in green
isoprene units form a monoter pene, four form a diterpene, six a p'ar"(t_s a;‘; reSpo?St'b'egor
triterpene, and so on. The monoterpenes are responsible for the maxing tnem autotropns.
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Fig. 4.14. Formation of varioustypesof |ipid aggregates. A—Schematic representation of aphospho-
lipid molecule; B—Formation of micelle and monolayer film; C— Formation of a fat
droplet by triglycerides; D—Formation of self - sealing lipid bilayer (e.g., liposome); E—
Cross section of aliposome (after Alberts et al., 1989).
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CH
| ’ CH4(CH,);,—CH=CH — CH— CH —CH,
(cl:H2)12
ﬁH OH NH, OH
(|:H Fig. 4.16. Chemical formula of sphingosine.
CH—OH
ﬁ CH,
CH—NH—C—R |
C—CH=CH,
D ) |
CH,— 0 — IP — CH,CH,— N(CH,), CH,
o
Fig. 4.15. General chemical formula of Fig. 4.17. Isoprene.
sphingomyelin.
characteristicodoursandflavoursof plants
(e.0., geraniol from geraniums, menthol (IIH3
from mint and limoneme from lemons). CH, CH,
Dalicol phosphate is a polyisoprenoid |
(i.e., long chain polymer of isoprene) and J——
is used to carry activated sugars in the HC o T
membrane-associated synthesis of glyco- N
proteins and some polysaccharides. CH, = CHmm— = CH,
The car otenoids are the compound N Mg N
lipids and they form the pigments of the "
animal and plant cells. There are about 70 CH, "
carotenoidsoccurringinbothtypesof cells. e, - c=0
Theimportant carotenoids of cellsarethe HC - N c™=C
o, B and vy carpteln%,_retl nene, xgnth(?- H I I H coocH,
phylls, lactoflavin in milk, riboflavin (vi- CH H
tamin B,), xanthocyanins, coenzyme Q, 8 f 2
anthocyanins, flavones, flavonols and sz
flavonones, etc. Chemically all carotenoids
are long-chain isoprenoids having an al- COOCHs
ternating series of double bonds. They are Fig. 4.18. Chemical formula of chlorophyll.

synthesized by plant tissues and are lo-
cated in the chloroplast lamellae to help in light absorption during photosynthesis. In animal cells,
carotenoids serve as precursors of vitamin A.

The chlorophylls are essential photosynthetic green pigments of the chloroplasts. A chloro-
phyll molecule (Fig. 6.18) consists of a head and atail. The head consists of a porphyrin ring or
tetrapyrrole nucleus from which extends a hydrophobic tail which is made up of a 20-carbon
grouping, calledthephytol. Phytol (C,, H,,) isalongstraight- chainal cohol containingasingledouble
bond. It may be regarded as a hydrogenated carotene (vitamin A). The porphyrins (Gr., porphyra =
purple) are complex carbon-nitrogen moleculesthat usually surround ametal, i.e., it isformed from
four pyrrol rings linked together by methane bridges and metal atom (Mg or Fe) islinked to pyrrol

Contents



rings. In chlorophyll molecule, the porphyrin sur-
rounds a magnesium ion, while in haeme of haemo-
globin, it surrounds an iron ion (Fig. 4.19). Many
other pigmentsof animal cellssuchasmyoglobin and
cytochr omeshaveporphyrinringsintheir molecules.

B. Steroids. The steroids consist of asystem of
fused cyclohexane and cyclopentane rings. All are
derivative of perhydro - cyclopentano - phenan-
threne, which consists of three fused cyclohexane
rings and a terminal cyclopentane ring (Fig. 4.20).
Steroids have widely different physiological charac-
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Fig. 4.19. Chemicd formulaof haeme portion of haemoglobin.
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COOH

CH,

Some body builders endanger their health
by taking ‘steroids’.

ergosterol and stigmasterol found in plants. Cholesterol
(Fig. 4.21) isfoundin the plasmamembrane of many animal
cells and also in blood, bile, gallstone, brain, spinal cord,
adrenal glands and other cells. It is the precursor of most
steroid sex hormones and cortisones. 7- dehydr o-choles-
terol is found in the skin where it is responsible for the
synthesis of vitamin D in the presence of sunlight. Er gos-

terol isalso aprecursor of vitamin D.

teristics. For example, some steroids are
hor mones(e.g., sex hormonessuch asestro-
gen, progesterone, testosterone and cortico-
sterone) and affect cellular activities by in-
fluencing gene expression. Some steroids
are vitamins (e.g., vitamin D,) and influ-
ence the activities of certain cellular en-
zymes. Some steroids (e.g., cholic acid) are
fat emulsifier found in the bile.

Alcohols of the steroids are called
sterols. The common examples of the ste-
rols are cholesterol found in animals and

Fig. 4.20. Cyclopentano-perhydro-phenanthrene
nucleus of the steroids.

C. Prostag-
landins. Hy-
droxy de-
rivatives of -

20-carbon Cholesterol plug in artery

polyunsatu-
rated fatty acids are called prostaglandins. They are
found in human seminal fluid, testis, kidney, placenta,
uterus, stomach, lung, brain and heart. There are six-
teen or more different prostaglandins, falling into nine
classes (PGA, PGB, PGC .....PGI). Their main func-
tionisbinding of hormonesto membranesof thetarget
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Fig. 4.21. Chemical formulaof cholesterol.
Proteins

Of all themacromoleculesfoundinthecell, the proteinsare
chemically and physically more diverse. They are important
constituentsof the cell forming morethan 50 per cent of thecell’s
dry weight. The term protein was coined by Dutch chemist G.J.
Mulder (1802—1880) and isderived from Greek word proteios,
which means “of the first rank”.

Proteinsserveasthechief structural material of protoplasm
and play numerous other essential rolesin living systems. They
form enzymes—globular proteins specialized to serve as cata
lysts in virtually all biochemical activities of the cells. Other
proteins are antibodies (immunoglobulins), transport proteins,
storage proteins, contractile proteins, and some hormones. In
every living organism, there are thousands of different proteins,
each fitted to perform a specific functional or structural role.
Indeed, a single human cell may contain more than 10,000
different protein molecules. Chemically, proteinsare polymersof
amino acids.

1. Amino acids. Nobel Laureate Emil Fischer (1902)
discovered that all proteins consist of chains (linear sequence) of
smaller units that he named amino acids. There are about 20
different amino acids (Table 4.4) which occur regularly as con-
stituents of naturally occurring proteins. An organic compound
containing one or more amino groups (—NH,) and one or more
carboxyl groups (—COOH) is known as amino acid. The amino
acidsoccur freely inthe cytoplasmic matrix and constitute the so

cells. Being local chemical me-
diators, prostaglandins are con-
tinuously synthesized in mem-
branes from precursors cleaved
from membrane phospholipids
by phospholipases. Their other
important functionsincludeini-
tiation of contraction of smooth
muscles (thus, helping in child-
birth), aggregation of platelets
and inflammation (i.e., arthri-
tis) (see Albertset al., 1989).

o-amino

group a-carbon
—
H H (0]
i i | next amino
praici:gciirl]npg)ritrg::o H—N—C—C—OH acid in protein
[ —=
a-carboxyl
side chain 7 group

Fig. 4.22. Basic structure of an amino acid.

(©
Common structural proteins
include those of (a) hair,
(b) horn and (c) spider web.

called amino acid pool. Of the
20 commonly occurring amino
acids, 19 may be represented by
the following general formula
(Fig. 4.22).
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The sole exceptionis proline, where the amino group forms part of aring structure. The central
or alpha carbon atom of each amino acid is covalently bonded to four groups: (1) A hydrogen atom,
(2) anamino group (—NH,), (3) anacid (or carboxyl) group, and (4) aside chain called an R-group.
It isthe particular chemical structure of the R-group that distinguishes one amino acid from another.
Thenameand structural formulae of theamino acidsthat regularly occurinproteinsaregivenin Table
4-4,

10=10) SR8 The 20 - naturally occurring amino acids.

Group of amino acid Name of the amino acids, symbols and chemical formulae

A. Aliphatic amino acid

I. Monoaminomonocar- | 1. Glycine (Gly, G H—CH—COOH
boxylic amino acids |
or simpleamino acids. NH,

2. Alanine (Ala, A) CH3—(‘iH—COOH

NH,
3. Vdine(va,V)
CH,
\CH—CH—COOH
CHj NH,
4. Leucine(Leu, L)
CH,
CH— CHZ—C|H—COOH
CH, NH,

5. Isoleucine(lle, I)
CH,—CH 2—/CH—CH—COOH

CH, NH,
I1. Monoamino- 6. Asgpartic acid (Asp, D)
dicarboxylic or HOOC—CH,—CH—COOH
acidic amino acids. |
NH,

7. Glutamic acid (Glu, E)
HOOC—CHZ—CHZ—C|:H—COOH

NH,
I11. Diamino-mono- 8. Lysine(Lys, K)
carboxylic or H,N—CH,—CH,—CH,—CH,—CH—COOH
basic amino acids. |
NH,
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Group of amino acid

Name of the amino acids, symbols and chemical formulae

1V. Hydroxyl con-
taining amino
acids.

V. Sulphur containing
amino acids.

B. Aromatic amino
acids.

C. Secondary amino
acids.

9. Arginine (Arg, R)
NH
I
H,N—C—N H—CHZ—CHZ—CHZ—ClH—COOH

NH,
10. Histidine (His, H)

| CH —CH—COOH
N NH |
TS NH,

11. Serine (Ser, S)
HO—CH 2—(|:H—COOH

NH,
12. Threonine (Thr, T)
CH3—(|:H—C|:H—COOH

OH NH,
13. Cysteine (Cys, C)
HS—CHZ—CllH—COOH

NH,
14. Methionine (Met, M)
CH—S—CH,—CH 2—(|:H—COOH

NH,
15. Phenylalanine (Phe, F)
CH,— (|3H — COOH
NH,
16. Tyrosine (Tyr,Y)
OH CH,— (|3H — COOH
NH,
17. Tryptophan (Try, W)
= CH,— CH— COOH
|
H
18. Proline (Pro, P)
H,C——CH,
CH— COOH

HC_ -
h
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Name of the amino acids, symbols and chemical formulae

D. Amino acid amides.

19. Aspargine (Asn, N)
i

0=C—CH,—CH—COOH

NH,

20. Glutamine (Glu, Q)
NH,

0=C—CH,—CH,—CH—COOH

NH,

In certain amino acids R groupiseither ahydrogen atom (e.g., glycine, the simplest amino acid)

or ahydrophabic aliphatic (e.g., leucine) or aromatic (e.g., pheylalanine)

hydrocarbon. In other cases,

R group contains either an extra carboxyl group of an extraamino group or its equivalent. Glutamic
acid and aspartic acid each have an extracarboxy! (- COOH) group. Lysine and arginine both contain
an additional amino group or equivalent structure. Histidine also contains a N group. Other amino
acidssuch as serine and tyrosine have hydroxyl groupsin their side chains. Of aparticular importance

is the amino acid cysteine which possesses a thiol (SH) group.

2. Formation of proteins. Because amolecul e of the amino acid contains both basic or amino
(—NH,) and acidic or carboxyl (—COOH) group, it can behave as an acid and base at atime. The

peptide bond

/

e o 1
i H R R HFR
Amino acid Amino acid Dipeptide

Fig. 4.23. A chemical reaction showing formation of a dipeptide.

' i | oy 1
NH, —C—C+-OH + H— N — C — C — OH—» NH,— C —CEN—C—C—OH + H,0

molecules of such or-
ganiccompoundswhich
contain both acidic and
basic properties are
known as amphoteric
molecules. Due to am-
photeric molecules, the
amino acids unite with
one another to form
complex and large pro-

tein molecules. When two molecules of amino acids are combined then the basic group (—NH,) of

one amino acid molecule combines with the carboxylic (—COOH)
group of other amino acid and the loss of awater molecul e takes place.
This sort of condensation of two amino acid molecules by —NH—CO
linkage or bond is known as peptide linkage or peptide bond. A
combination of two amino acids by the peptide bond is known as
dipeptide. Whenthreeamino acidsareunited by two peptidebonds, they
formtripeptide. Likewise, by condensation of few or many amino acids
by the peptide bonds the oligopeptides and polypeptides are formed
respectively. The various molecules of polypeptides unite to form the
peptones, proteases and proteins. Thus, protein macromolecules are
the polymers of many amino acid monomers. The size (molecular
weight), shape, and function of proteins are determined by the number,
typeand distribution of theamino acids present inthemolecule. Proteins
occur in awide spectrum of molecular sizes from small molecules such
as the hormone ACTH (or adrenocorticotrophic hormone) which con-
sists of only 39 amino acids and has a molecular weight of 4500, to
extremely large proteins such as haemocyanin (an invertebrate blood
pigment) which consi sts of 8200 amino acidsand hasamol ecul ar weight
greater than 900,000 (see Table 4.5 for additional examples).

Keratin: major protein

component of hair.
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2. Typesof proteins. Many different methods have been used to classify proteins, no method
of their classification being entirely satisfactory :

(1) Classification based on biological functions. According to their biological functions,
proteins are of two main types:

1. Structural proteinswhich include ker atin, the major protein component of hair (cortex),
wool, fur, nail, beak, feathers, hoovesand cornifiedlayer of skin; and collagen, abundantinskin, bone,
tendon, cartilage and other connective tissues.

Table 4-5. I_Vlolec_ular weight and amino acid content of some proteins (Source : Sheeler and
Bianchi, 1987).

Protein Number of amino acids M olecular weight
1. Adrenocorticotrophic 39 4,500
hormone (ACTH)
2. Insulin 51 5,700
3. Ribonuclease 124 12,000
4. Cytochrome-c 140 15,600
5. Horse myoglobin 150 16,000
6. Trypsin 180 20,000
7. Haemoglobin 574 64,500
8. Urease 4,500 473, 000
9. Snail haemocyanin 8, 200 910,000

2. Dynamic or functional proteins which include the enzymes that serve as catalysts in
metabolism, hormonal proteins, respiratory pigments, etc.

(2) Classification based on shape of proteins. According to the shape or conformation, two
major types of proteins have been recognized :

(a) Fibrousproteins. Fibrous proteins are water-insolubl e, thread-like proteins having greater
length than their diameter. They contain secondary protein structure and occur in those cellular or
extracellular structures, where strength, elasticity and rigidity are required, e.g., collagen, elastin,
keratin, fibrin (blood-clot proteins) and myosin (muscle contractile proteins).

(b) Globular proteins. Globular proteins are water-soluble, roughly spheroidal or ovoidal in
shape. They readily gointo colloidal suspension. They havetertiary protein structure and are usually
functional proteins, e.g., enzymes, hor-
mones and immunogl obulins (antibod-
ies). Actin of micro- filaments and tu-
bulins of microtubules are also globu-
lar proteins (see Alberts et al., 1989).

(3) Classification based on solu-
bility char acteristics. Accordingtothis
criterion proteins can be classified into
two main types:

(A) Simple proteins. These pro-
teins contain only amino acids in their
molecules and they are of following
types:

(i) Albumins. These are water
soluble proteinsfound in all body cells Fibrin threads and red blood cells are clearly visible in this
andalsoinblood stream, e.g., lactalbu- blood clot
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min, found in milk and serum albumin found in blood.

(i) Globulins. Theseareinsolubleinwater but aresolublein dilutesalt solutionsof strong acids
and bases, e.g., lactoglobulin found in milk and ovoglobulin.

(i) Glutelins. These plant proteins are soluble in dilute acids and akalis, e.g., glutenin of
wheat.

(iv) Prolamines. These plant proteins are solublein 70 to 80 per cent alcohol, e.g., gliadin of
wheat and zein of corn.

(v) Scleroproteins. They areinsolubleinall neutral solventsandindilutealkalisand acids, e.g.,
keratin and collagen.

(vi) Histones. These are water soluble proteins which are rich in basic amino acids such as
arginine and lysine. In eukaryotes histones are associated with DNA of chromosomes to form
nucleoproteins.

(vii) Protamines. Thesearewater soluble, basic, light weight, ar gininerich polypeptides. They
are bound to DNA in spermatozoa of somefishes, e.g., salmine, of salmon and sturinein sturgeons.

(B) Conjugated proteins. These proteins consist of simple proteinsin combination with some
non-protein components, called pr osthetic gr oups. The prosthetic groupsare permanently associated
with the molecule, usually through covalent and/or non-covalent linkages with the side chains of
certain amino acids. Conjugated proteins are of following types:

(i) Chromopr oteins. Chromoproteins are aheterogeneous group of conjugated proteinswhich
are in combination with a prosthetic group that is a pigment, e.g., respiratory pigments such as
haemoglobin, myoglobin and haemocyanin; catalase, cytochr omes, haemerythrins; visua purple
or rhodopsin of rods of retina of eye and yellow enzymes or flavopr oteins.

(i) Glycoproteins. Glycoproteins are proteins that contain various amounts (1 to 85 per cent)
of carbohydrates. Of the known 100 monosaccharides, only nine are found to occur as regular
constituents of glycoproteins (e.g., glucose, galactose, mannose, fucose, acetylglucosamine,
acetylgalactosamine, acetylneuraminic acid, arabinose and xylose). Glycoproteins are of two main
types: 1. Intracellular glycopr oteinswhicharepresentin cell membranesand haveanimportantrole
inmembraneinteraction and recognition. They al so serveasantigeni c determinantsand receptor sites.
2. Secretory glycoproteinsare plasmaglyco-
proteins secreted by theliver ; thyroglobulin,

(a) DNA (b) Chromosome fiber

secreted by the thyroid gland ; immunoglobu- :'-'_ . = -i'_
linssecreted by theplasmacells; ovoalbumins |  "B="s = e LT T
secreted by the cells of oviduct of hen; ribo- .!:| ‘e : r |
nucleasesand deoxyribonucleases. M ucusand ? el l =
synovial fluid are also glycoproteins with lu- i an o 21;.
bricative properties. g e RS B

(iif) Lipoproteins. Lipid containingpro- | «%"_*® 3 i

teins are called lipoproteins. Their lipid con-
tents are 40 to 90 per cent of their molecular
weight and thistendsto affect the density of the
molecule. Therearefour types of lipoproteins:
1. High density lipoproteins (HDL) or o-
lipoproteins; 2. Low density lipoproteins
(LDL) or B- lipopratiens; 3. Very low density
lipoproteins (VLDL) or pre- B-lipoproteins;
and 4. Chylomicrons. Lipoproteins include
some of the blood plasma proteins, various
types of membrane proteins, lipovitellin of egg
yolk and proteins of brain and nerve tissue.

1

"'-I.'.- -:l!l-i-.:.-l'.:
k.

P

i
f

u
DNA  Histone protein
u

Nucleosome
Position of histones in nucleic acids.
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(iv) Nucleopr oteins. Nucleoproteins are proteinsin combination with nucleic acids (DNA and
RNA). However, these proteinsare not true conjugated proteinssincethenuclei c acid invol ved cannot
beregarded asprosthetic groups. Nucleoproteinsare of twotypes: 1. Histoneswhich arequitesimilar
inall plantsand animals. Their highly basic nature accounts for the close associations histonesform
with the nucleic acids. Histones are involved in the tight packing of DNA molecules during the
condensation of chromatin into chromosomes for the mitosis. 2. Nonhistones have great heteroge-
neous amino acid composition and are acidic in nature. They have selective combination with certain
stretches of nuclear DNA and, thus, are involved in the regulation of gene expression.

(v) Metalloproteins. Metalloproteins are proteins conjugated to metal ionswhich are not part
of the prosthetic group, e.g., car bonic anhydr ase enzyme contains zinc ions and amino acidsin its
molecule; caer uloplasmin, an oxidase enzyme containing copper; and sider ophilin containsiron.

(vi) Phosphopr oteins. Phosphoproteins are proteins in combination with a phosphate group,
e.g., casein of the milk and ovovitellin of eggs.

3. Structural levelsof proteins. Theprotein assynthesized ontheribosomeisalinear sequence
of amino acids, polymerized by the elimination of water between successive amino acidsto form the
peptide bond, and existing as a randomly coiled chain without specific shape and possessing no
biological (i.e., catalytic) activity. Within seconds of synthesisbeing completed, theproteinfoldsinto
aspecific three-dimensional form, whichisthe samefor al molecules of the sametype of proteinand
which now iscapable of doing catalysis. According to their mode of folding the following four levels
of protein organization have been recognized :

(a) Primary protein structure. The primary protein structure is defined as the particular
sequence of amino acids found in the protein. It is determined by the covalent peptide bondings
between amino acids. Primary structure also includes other covalent linkagesin proteins, for example
thelinkages that may exist between sulphur atoms of cysteine amino acidslocated in the chain of the
proteininsulin. Thefirst proteinto haveitsprimary structure determined wasof insulin, the pancreatic
hormone that regulates glucose metabolism in mammals. Insulin has a molecular weight of 5,800
daltons and contains 51 amino acids. Insulin consists of two polypeptide chains of 21 and 30 amino
acidresidues, calledtheA and B chains, respectively (Fig. 4.24). (Anaminoacidresidueisthat which
is left when the elements of water are split out during polymerization).

Sincetheelucidation of the primary structureof insulinin 1953 by F. Sanger (for which Sanger

lntrachaln
disulphide
bond
S '...S A chain

WAVAY VL It

C-terminus

i intrachain 1
dISU|phIde
N termlnus s bridge
-N‘M— COOH

B Chain
Fig. 4.24. Molecular structure of insulin (After Sheeler and Bianchi, 1987).
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received a Nobel Prize), several hundred proteins have been fully sequenced. Among the fully
seguenced proteinsare ribonucl ease and nearly 100 typesof haemoglobin. For example, Stein and his
coworkers established the amino acid sequence (i.e., primary structure) of theenzymeribonuclease.
Thisenzymeis produced by the pancreas and secreted into the small intestine where it catalyzesthe
hydrolytic digestion of polyribonucleotide chains (RNA). The ribonuclease consists of asingle 124
amino acid polypeptide having a molecular weight of about 12,000.

(b) Secondary protein structure. Secondary structure of the protein isany regular repeating
organi zation of thepolypeptidechain. Therearethreetypesof secondary proteinstructure: (1) Helical
structure(e.g., o-keratin and collagen); (2) Pleated sheet structureor B- structure (e.g., fibroin of
silk); and (3) Extended configuration (e.g., stretched keratin). M ost fibrous proteinshave secondary
structure. In globular protein, too, it isnot uncommon for half of all the residues of each polypeptide
to be organized into one or more specific secondary structures.

Collagen. The collagens (the source of leather, gelatin, glue, etc.) are a family of highly

.l u u l. u L » L L . [ - .

Primary== lys -7 glu B thr 7 ala =] ala ==" jysf= phdl~ glug
structure  mem T - " "mw " = = Amino
acid

sequence

o,
Secondary an U' ..:..J' a-helix
structure
o -1-|

pLl | . « & Quaternary
™

aF iy

Tertiary _ mowe ==
structure -

Active form =
of bovine
pancreatic

ribonuclease

Idealized structure
of haemoglobin
containing 2 alpha
and 2 beta chains

Fig. 4.25. Thefour levels of structural organization in protein molecules (after Stansfield, 1969).

characteristicfibrousproteinsfoundinall multicellular animals(e.g., inconnectivetissues). They are
secreted by the fibroblasts constituting most abundant (up to 25 per cent of total body’s proteins)
proteins of mammals. The characteristic feature of collagen (or tropocollagen) molecules is their

=i

stiff, triple-stranded helical struc-
ture(whichwasdiscovered by Rich,
CrickandRama-chandran). Three
collagen polypeptidechainsarel eft- |
handed o-helices or alpha chains,

each is about 1000 amino acid resi- l'".'-";h- i}

-I.'

dues long. These chains are wound u L

around one another in aregular su- : @) ()

perhelix to generatearope-like col- Collagen injections: This man’s facial scar (a) all but
lagen or tropocollagen molecule disappears (b) after cosmetic collagen injections.

which is about 300 nm long and 1.5 nm is diameter (Fig. 4.26).

Collagens are exceptionaly rich in proline (and hydroxyproline; both accounting for more
than 20 per cent of collagen’ samino acids) and glycine. Other dominant amino acids of collagensare
lysine and alanine.
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Sofar, about 20distinct collagen-chainshave
been identified, each encoded by a separate gene.
About 10 types of triplet-stranded collagen mol-
ecules have been found to assemble from various
combinations of 20 types of a-chains. The best
defined aretypesl|, I, 111 and V. Typel collagen
ispresent in the dermis, tendons, ligaments, bone,
cornea, dentine of teeth and interna organs and
accounts for 90 per cent of body’s collagen. Type
I collagen ispresent mainly in cartilage, interver-
tebral disc, embryonic notochord and vitreous
humour of eye. Type |l collagen occursin skin,
cardiovascular system, gastro-intestinal tract and
uterus. TypelV collagen ispresent in basal lami-
nae or basement membranesof epithelia. Typel, |1
andl11 collagensarethefibrillar collagensshowing
typical striated fibres. Type IV collagen lacks a
distinct fibrillar structure.

The individual collagen polypeptide chains
(o-chains) are synthesized on membrane bound
ribosomesandinjectedinthelumen of ER aslarger
precursors, caled pro- a-chains. These precur-
sors have distinct polarity, containing terminal
propeptides at their N- and C- terminus. Each pro-
o~chain then combines with two othersto form a
hydrogen-bonded, triplestranded helical molecule,
called procollagen. Suchaprocollagen of fibrillar
collagens (I, 11, and 111) is serceted from the fibro-
blast in the extracellular space. Due to enzyme
actionitsterminal propeptidesareremoved andthe
procollagenisconvertedintoatr opocollagen mol-

three-stranded
helix
in tropocollagen
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. tropocollagen
= | = molecules
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Fig. 4.26. A— A tropocollagen molecule (colla-
genor superhelix) withthreeintertwined
left-handed a helices ; B— Staggered
arrangement of tropocollagenmolecules
(super helices) in acollagen fibril; C—
Striated appearance of a collagen fibril
under the electron microscope (after
Dyson, 1978).

ecule. Many tropocollagen mol ecul esspontaneously assembleinto theordered arrays, called collagen
fibrils. The collagen fibrils are thin (10 to 300 nm in diameter), cable-like structures, many
micrometres long, exhibiting cross-striations every 67 nm and are clearly visible in the electron
microscope. The collagen fibrils often aggregate into larger bundles which can be seen in light
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u
B-sheets disulphide bonds
The tertiary structure of lysozyme, an
antibacterial enzyme presentin tears.

microscope as collagen fibres. Type IV collagen mol-
ecules assembl e to form a sheet-like meshwork that con-
stitutes a major part of all basal laminae (Martin et al.,
1985, Bur geson, 1988).

(C) Tertiary protein structure. Tertiary protein
structure refers to a more compact structure in which the
helical and non-helical regions of a polypeptide chain are
folded back on themselves. This structure is typical of
globular protein structure, in which it is the non-helical
region that permits the folding. The folding of a polypep-
tide chain is not random but occurs in a specific fashion,
thereby imparting certain steric (i.e., three-dimensional)
propertiesto the protein. For example, in enzymesfolding
brings together active amino acids, which are otherwise
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scattered along the chain, and may form a distinctive cavity or cleft in which the substrate is bound.

The completetertiary structure of aprotein can only be deducted by alaborious analysis of X-
ray scattering patterns from crystals. The first protein to have its secondary and tertiary structure
determined was myoglobin, a153-amino acid, oxygen-binding protein found primarily inred muscle
and largely responsible for the colour of that tissue. The work was done at Cambridge under the
direction of J.C. Kendrew (1961). Although at some points the polypeptide chain does have
secondary structure (alpha-helical structure), the chainismainly characterized by seemingly random
loops and folds.

In atertiary protein the polypeptide chain isheld in position by weak secondary bonds which
are of different types such asionic bonds (or electrostatic bonds or salt or salt bridges); hydrogen
bonds; hydrophobic bonds and disulphide bonds.

(d) Quaternary protein structure. In proteins that are composed of two or more polypeptide

CYTOPLASMIC MATRIX

chains, the quaternary structure refersto the specific orientation
of these chains with respect to one another and the nature of the
interactionsthat stabilizethisorientation. Theindividual polypep-
tide chains of the protein are called sub-units and the active

lr u ..I ] ..-
.I.-.. " | l...I
I.. u I.lL: ...

protein itself is called multimer. While multimeric proteins
containing up to 32 subunits have been described, the most | .
commonmultimersaredimer s, trimer s, tetramer s, pentamers .
(e.g., RNA polymerase) and decamer s (e.g., DNA polymerase -
[11) (Table4-6). If the protein consists of identical sub-units, | »

it is called homopolymers and is said to have homogeneous | *®

quaternary structure, e.g., the isozymes H, and M, of lactic
dehydrogenase (LDH), enzyme phosphorylase and L -arabinose

isomerase. The enzyme [3-gal actosidase consists of four identi- L. _ _ -
cal polypeptide chains. Lastly, when the sub-units of theprotein The x"ayrg'fg;‘gl')?: pattern of
y in.

aredifferent, the proteiniscalled heter opolymer and issaid to
have a heterogeneous quaternary structure, e.g., haemoglobin and immunoglobulins.Quaternary
proteins are usually joined by hydrophobic forces. Hydrogen bonds, ionic bonds and possibly
disulphide bonds may also participate in forming quaternary structures.

Table 4-6.

Subunits and molecular weight of some multimer proteins (Source: Sheeler and

Bianchi, 1987).
Protein M olecular Subunits
weight Number Designation Molecular weight
1. Haemoglobin A (human)| 64,500 4 Alphachains (2) 15,700
Betachains (2) 16,500
2. Lactate 135,000 4 A chain (0 to 4) 33,600
dehydrogenase B chain (4 to 0) 33,600
3. Immunoglobulin G 150,000 4 Light chains (2) 25,000
Heavy chains (2) 50,000
4. Tryptophan 150,000 4 Alphachains (2) 29,500
synthetase (E.coli) Betachains (2) 45,000
5. Agpartate 306,000 12 C chains (6) 34,000
transcarbamylase R chains (6) 17,000
6. L-arabinose 360,000 6 (identical) 60,000
isomerase (E.coli)
7. Apoferritin 456,000 24 (identical) 19,000
(iron storage protein)
8. Thyroglobulin 670,000 2 (identical) 3,35,000
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Some Examples of Tertiary and Quaternary Proteins

() Ribonuclease. C.B. Anfinsen initiated and confirmed the notion that, acting in concert, the
specific primary structure of a polypeptide and the innate properties of the side chains of its amino
acids causethe polypeptideto spontaneously assumeitshiol ogically activetertiary structure. In 1972,
he got the Nobel Prize for this definitive work. Anfinsen identified four disulphide bridges in the
ribonucl ease protein, suggesting that theenzymeishighly folded (Fig. 4.25). Asisthecasewitha most
all enzymes, the catalytic activity of ribonuclease depends on the maintenance of a particular three-
dimensional shape. In concentrated solutions of 3-mercaptoethanol and urea, the disul phide bridges
of theenzymearebroken and the resultant unfol ding of the polypeptide chainisaccompanied by aloss
of enzyme activity. The enzyme is said to be denatured. If the B-mercaptoethanol and urea are
removed by dialysisand the denatured ribonucl ease reacted with oxygen, the four disul phide bridges
re-form spontaneously, and essentially all the catalytic activity of the protein is restored. Similar
observations have been made with other proteins, that is, they are capable of spontaneously re-
establishing their biologically active tertiary (or even quaternary, e.g., haemoglobin) structure after
having undergone extensive molecular disorganization.

(i1) Haemoglobin. Haemoglobinisone of thefully sequenced protein. Our present understand-
ing of the structure and function of haemoglobin is the outcome of 50 years of research of M. F.
Perutz. He got the Nobel Prizein 1962, alongwith J. C. Kendrew, for their studiesof haemoglobin
and myoglobin. 8

The haemoglobin is a conjugated globular '
protein, that is, it containssome non-protein part. In
al but the lowest vertebrates, haemoglobin is a
tetramer (a heteropolymer). Inlampreys, however,
haemoglobin is monomeric, that is, it contains a
single globin chain like the myoglobin. In humans,
most common type of haemogl obinishaemoglobin
A (HbA), whichconsistsof 574 aminoacidresidues
and has a molecular weight of 64,500. Its second-
ary, tertiary and quaternary structureistypical of all
higher vertebrate haemoglobins. The protein por-
tion of thehaemoglobinmolecule, called globin, is
composed of four polypeptidechains, each of which
is aso globular in shape. The four globin chains
consist of two identical pairs: two alpha chains
(141 amino acids each) and two beta chains (146
amino acids each). The non-protein portion of haemoglobin consists of four iron-containing haem
groups, one associated with each of the four globin chains. Nineteen of the twenty biologically
important amino acids are included in the globin of haemoglobin.

Haemoglobin molecule is highly symmetric; it can be divided into two identical halves, each
consisting of an af3- dimer. The complete tetramer is similar to amildly flattened sphere having a
maximum diameter of about 5.5 nm. Thefour polypeptidechainsarearrangedin suchaway that unlike
chains have numerous stabilizing interactions, whereas, like chains have few. A cavity about 2.5 hm
long and varying in width from about 5 to 10 A° passes through the molecule along the axis. Each
globin chain envelops its haem group in a deep cleft.

(iif) Immunoglobulins. The ability to resist infection by pathogens (viruses, bacteriaand other
unicellular parasites) and by multicellular endoparasites, is called immunity. Specific immune
response function by recognizing particular chemical structures, known as antigens—on the surface

B,

Haemoglobin molecule.
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of invading cells. An anti-
gen can be a protein, lipid,
carbohydrate or any other
molecule. Theseantigensin-
teractwithproteinmolecules
produced by the host, the
immunoglobulins, which
bindtheantigeninmuchthe
same way as an enzyme
binds its substrate. Specific
immuner esponsesinvolve
many different types of
cells. Onetype, theB-lym-
phocyte or B-cell, is ca
pableof producing freeim-
munoglobulins, called an-
tibodies.

An immunoglobulin
(Ig) moleculeisaY -shaped
heteropolymer and is com-
posed of two identical H
(heavy) polypeptide chains

Fig. 4.27. Molecular structure of an immunoglobulin molecule (after
Stansfield, 1986).
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Antibody structure: (a) Ribbon model of an | G mol
ecule (b) Schematic model showing the domain struc-
ture of an 1,G molecule.

and two smaller identical L (Light) polypeptide
chains(Fig. 4.30). Heavy chainscontainantigenic
determinantsinthe“tail” (carboxyl) segments by
which they can be classified as Ig G, Ig M,
Ig A, Ig D or Ig E. Light chains can likewise be
typed as kappaor lambda. Within aH chain class
or L chaintype, these segments exhibit very little
variationin primary structurefromoneindividual
to another and are called constant regions (C).
Theamino (—NH,) ends, however, areextremely
diverse in primary structure, even within a class
and arecalled variable (V) regions. TheV, and
V| regionstogether form two antibody-combin-
ing sites (called antigen - binding sites) for
specific interactions with homologous antigen
molecules. TheC,, region consistsof threeor four
similar segments, presumably derived evolution-
arily by duplication of an ancestral gene and
subsequent modification by mutations; the simi-
lar segments are called domainsand arelabelled
CH,, CH,, CH,, etc. A mature lymphocyte
(plasma cell) produces antibodies with a single
classH chainand asingletypeof L chain, hence,
also asingleantigen-binding specificity. Thefirst
antibodies produced by adevel oping plasmacells
areusually of classlg M.



102 CELL BIOLOGY

Enzymes

Thecytoplasmic matrix and many cellu-
lar organelles contain very important organic
compounds known asthe enzymes. Theword
enzyme(Greek. “inyeast”) had been proposed
by Kuhnein 1878. The enzymes are the spe-
cialized proteinsand they havethe capacity to
act as catalystsin chemical reaction. Likethe
other catalysts of chemical world, the en-
zymesarethe catalystsof thebiological world
and they influence the rate of a chemical
reaction, while themselves remain quite un-
changed at the end of the reaction. The sub-
stance on which the enzymes act is known as
substrate. The enzymes play a vital role in
various metabolic and biosynthetic activities
of the cell such as synthesis (anabolism) of
DNA, RNA and protein molecules and ca
tabolism of carbohydrates, lipids, fats and
other chemical substances. The enzymes of
the matrix and cellular organelles are classi-
fied asfollows:

1. Oxireductases. The enzymes cata
lyzing the oxidation and reduction reaction of
the cell are known as oxireductases. These
enzymes transfer the electrons and hydrogen
ionsfromthe substrates, e.g., hydrogenasesor | Fig. 4.28. Chemical formulaof flavinadeninedinucle-
reductases, oxidases, oxygenases and peroxi- otide (FAD).
dases.

2. Transfer ases. The enzymeswhich transfer following groups from one moleculeto other are
known astransferases: one carbon, aldehydic or ketonic residues, acyl, glycosyl, alkyl, nitrogenous,
phosphorus containing groups and sulphur containing groups.

3. Hydrolases. These enzymes hydrolyse a complex molecule into two compounds by adding
the element of thewater acrossthe bond whichiscleaved. Theseenzymesact on thefollowing bonds-
ester, glycosyl, ether, peptide, other C—N bonds, acid anhydride, C—C, halide and P-N bonds. Certian
important hydrolase enzymes are the proteases, esterases, phosphatases, nucleases and phosphory-
lases.

4. Lysases. The lysase enzymes add or remove group to or from the chemical compounds
containing the double bonds. The lysases act on C-C, C-O, C-N, C-S and C—halide bonds.

5. 1 somer ases. These enzymes catalyse the reaction involving in theisomerization or intramo-
lecular rearrangementsin the substrates, e.g., intramolecular oxidoreductases, intramolecul ar trans-
ferases, intramolecular lysases, cis-trans-isomerases, racemases and epimerases.

6. Ligasesor synthetases. These enzymes catalyze the linkage of the molecules by splitting a
phosphate bond. The synthetase enzymes form C-O, C-S, C—-N and C-C bonds.

According to the chemical nature of the substrate the enzymes have also been classified as
follows:

1. Carbohydrases, 2. Proteases (endopepti dases and exopeptidases), 3. Amylases, 4. Esterases,
5. Dehydrogenases, 6. Oxidases, 7. Decarboxylases, 8. Hydrases, 9. Transferases, and 10. | somerases.

OH OH

Contents
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Theenzymesare specificin action and many factors such as pH, temperature and concentration
of the substrate affect the rate of the activity of enzymes. Certain enzymes occur in theinactive form
(called proenzymes or zymogens) and these are activated by other enzymes known as kinases to
perform catalytic activities. Likewise, the enzymetrypsinogen of the pancreatic cellsisactivatedin
theintestineby theenzymeenter okinaseand theenzymepepsinogen of the Chief cellsof thestomach
is activated by the hydrochloric acid which is secreted by parietal cells.

Prosthetic Groups and Coenzymes

Certain enzymessuch ascytochr omesarethe
conjugated proteins and contain prosthetic group as
metallopor phyrins complex in their molecules.

Certain enzymes cannot function singly but
they canfunction only by theaddition withthesmall
molecules of other chemical substances which are
known as coenzymes. The inactive enzyme (which
cannot functionsingly) isknown astheapoenzyme.
The apoenzyme and coenzyme are collectively
known as holoenzyme. For instance, the enzyme
hydrogenase is an apoenzyme which can function
either with the coenzyme NAD* or NADP.

Some important coenzymes or cofactors are
asfollows:

1. Nicotinamide adenine dinucleotide (NAD)
or Diphosphopyridine nucleotide (DPN), 2. Nicoti-
namide adenine dinucl ectide phosphate (NADP) or
Triphosphopyridinenucleotide (TPN), 3. Flavinad-
enine mononucleotide (FAM), 4. Flavin adenine )
dinuclectide (FAD), 5. Ubiquinone(coenzymeQ or
Q). 6.Lipoicacid(LIPorS,), 7. Adenosinetriphos- H H
phate (ATP), 8. Pyridoxyl phosphate (PALP), 9. H
Tetrahydrofolic acid (CoF), 10. Adenosyl methi- H OH
onine, 11. Biotin, 12. CoenzymeA (CoA), 13. Thia- Fig. 4.29. Chemica formula of nicotinamide
mine pyrophosphate (TPP), 14. Uridine diphos- adenine dinucleotide (NAD?).
phate (UDP).

Isoenzymes

Recently, it hasbeeninvestigated that some
enzymes have similar activitiesand almost simi-
lar molecular structures. Theseenzymesareknown
as isoenzymes. The isoenzymes have relation
with the heredity (L atner and Skillen, 1969, and
Weyer 1968). Thereare about 100isoenzymesin
the cell, e.g., lactic dehydrogenase (L DH) occur
in the form of five identical isoenzymes.

Vitamins

The vitamins are organic compounds of OH OH

diYefse chemical nature. They are requi_red. in Fig. 4.30. Chemical formula of Adenosine
minute amounts for normal growth, functioning triphosphate (ATP).
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and reproduction of cells. The vitamins play an important role in the cellular metabolism and act as
the enzymes or other biological catalysts in the various chemical activities of the cell. Their
importancefor theanimalshasbeen reported by Hopkins, Osbor ne, Mendal, and M cCollum (1912—
1913). Funk (1912) demonstrated the presence of basic nitrogen in them and gave the name
“vitamins’ meaning vital amines to them.

The animal cell

H CHj H CHj cannot synthesize the

CHs CHs, l | l | vitaminsfrom the stan-
C\ /C\ C\ < \ CH-O0H | Gard food and so they

\C C/ \C/ \C/ aretakenalongwiththe

food. Their deficiency
inthe cell causes meta-
bolicdisorder andleads
to variousdiseases. For
example, thedeficiency
of ascorbic acid (Vita
min C) inhibits procol-
lagenhelix formation. Normal collagensare continuously degraded by specific extracellular enzymes,
called collagenases. In scurvy, the defective pro-o-chains that are synthesized, fail to form atriple
helix and are immediately degraded. Consequently, with the gradual loss of the pre-existing normal
collageninthematrix, blood vessel shecome extremely fragile and teeth become

| | l
H

H H

T __

CHj;

Fig. 4.31. Chemica formulaof vitamin A.

looseintheir sockets. Thisimpliesthat inthese parti cul ar tissuesdegradationand 9 N
replacement of collagensisrelatively fast. For example, in bones, the ‘ turnover’ \C
of collagen isvery slow, i.e., in bone, collagen molecule persists for about 10 | _‘
years before they are degraded and replaced (see Alberts et al., 1989). The HO_? 0
vitamins of utmost biological importance have been tabulated in Table 4-7. HO—
Hormones H— cl:
Hormonesarethe complex organic compoundswhich occur intracesinthe |
cytoplasm and regulate the synthesis of mMRNA, enzymes and various other HO—C—H
intracellular physiological activities. The most important hormones are growth CH,OH
hormones, estrogen, androgen, insulin, thyroxine, cortisone, and adrenocortical
hormones, etc. These hormones are synthesized by the ductless or endocrine | Fig- 4.32. Chemi-
glands and transported to various cells of multicellular organisms by blood | ¢a formulaof vite:
vascular system. In cellsthey regulate variousmetabolic activities. For example, ;nc'lg © a7 zERls
the ecdysone hormone has been found to form puffs (Balbiani rings) in the giant '

chromosomes of insects. The hormones activate or depress the gene at the

Hormones control metamorphosis in insects.
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Table 4-7. Vitamins and their characteristics.

Daily
requirement

Sources

Functions

Diseases and symptoms
caused by lack of vitamin

750 pgm

Animal fats (fish liver
ail, egg-yolk, milk, but-
ter, cheese); palm oils;
red peppers, dark green
leafy vegetables (spin-
ach, methi, cabbage);
yellow vegetables (car-
rot, pumpkin) and yel-
low fruits (mango, pa
paya).

Stored in liver;
maintain general
healthandvigour
of epithelial cells.

1. Skin becomes dry and
scaly and so does cornea
of eyes causing xe-
rophthalmia or ‘dry
eye’;

2. Night blindness or nyc-
talopia (inability to see
in dimlight).

2001U
(Sugm)

Fish Tiver ails, Tiver,
egg-yolk, butter, fresh
milk; also produced by
our body when skin-
cholesterol is exposed
to ultra-violet rays of
sunlight.

Involvedinintes-
tinal absorption
of calcium and
phosphorus and
in calcium me-
tabolism and
bone formation.

1. Ricketsin children;

2. Osteomalacia in adults.

Traceamounts
(15 1U)

Vegetable oils (espe-
cially polysaturated
fatty acids); wheat germ
oil; egg-yolk; green
leafy vegetables; to-
mato; milk and butter.

Inhibit catabo-
lism (i.e., oxida
tion) of certain
fatty acidsof cel-
lular membranes.

Hemolytic anemia due to
oxidationof unsaturatedfats
resultinginabnormal struc-
ture and function of mito-
chondria, lysosomes and
plasma membrane of cells.

Traceamounts

Naturally produced by
intestinal bacterig; liver;
fresh green vegetables
(spinach, cabbage, cau-
liflower).

Required for the
formation of pro-
thrombin (an es-
sential compo-
nent of blood-
clotting).

Haemorrhageor bleeding
innew-borninfants; scurvy-
likesymptoms(blood takes
longer to clot).

1.3 mg (boys)
1.2 mg (girls)

Yeast; whole cereals
(e.g., unpoalished rice);
pulses;  oil-seeds,
soyabean; nuts (espe-
cialy groundnut); liver,
pork, sea food, green
leafy vegetables.

1. Essential for
synthesis of
acetylcholine;

2. Rapidly de-
stroyed by heat.

3. Carbohydrate
metabolism.

1. Beriberi. Partial paraly-
sis of smooth muscle of
gastrointestinal tract; pa-
ralysis of skeletal
muscles, atrophy of
limbs.

2. Polyneuritis.

Vitamin
Fat Soluble
Vitamins
1. VitaminA
(Retinol)
2. VitaminD
(Calciferal)
3. VitaminE
(Tocopherol)
4. VitaminK
(Naphtoquinone)
Water Soluble
Vitamins
5. VitaminB
(Thiamine)
6. VitaminB,
(Riboflavin)

1.6 mg (boys)
1.4 mg (girls)

Peas, beans, milk, egg-
white, liver, kidney, ger-
minated cereals and
pulses, growing green
leafy vegetables.

Forms the coen-
zymeFADwhich
is involved in
metabolism of
carbohydrates
and proteins.

1. Blurred vision, cataract
and corneal ulceration;
2. Dermatitis (inflamma-
tion of skin);

3. Cheilosis(crackingof skin
a the corners of mouth
and scaling of lips).
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leafy vegetables (cab-
bage, chauli and cauli-
flower).

2.

3.

wound healing
andironabsorp-
tion;

Protects body
against infec-
tions;

Rapidly de-
stroyed by heat.
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Vitamin Daily Sour ces Functions Diseases and symptoms

requirement caused by lack of vitamin

7. Niacin 18 mg (boys) | Meat, liver, fish,|1. Formsthecoen- Pellagra, a disease
(Nicotinic 15mg (girls) | chicken, yeast, whole| zyme NAD characterisedby threeD’s-
acid) grain, peas, beans,| which is in- dermatitis, diarrhoea and

pulses, nuts (ground-| volved in en- dementia (psychological
nuts) potato, tomato,| ergy-releasing disturbance).
green vegetables, ger- | reactions;
minated seedsand milk | 2. Inlipid metabo-
(Maize is deficient in| lism inhibits
niacin). production of
cholesterol and
helpinfatbreak-
down.
8. VitaminB; [15-2mg Liver, meat, fish|1l. Forms coen- |1 Convulsions,
(Pyridoxin) (salmon), whole cere-| zymesinvolved | 2. Dermatitis of eyes, nose
als, yellow corn, le-| in amino acid and mouth;
gumes, tomatoes, yo- | metabolism in | 3. Retarded growth.
ghurt. brain;
2. Involved in fat
metabolism.

9. Folicacid 50-100mg | Greenleafy vegetables, | 1. Essential for | Macrocytic anaemia (pro-
germinated pulses,| synthesis of | duction of abnormally large
eqggs, liver. DNA. red blood cells).

2. Overcooking
destroysit.

10. Biotin 0.3mg Yead,, liver, egg-yolk, | Actsascoenzyme | 1. Mental depression;
(Vitamin H) milk, kidneys. in metabolism of | 2. Muscular pain, fatigue;

carbohydrates, | 3. Dermatitis;
fatty acids and | 4. Nausea.
nucleic acid.

11. VitaminB;, |0.2-1.0 ugm | Liver, kidney, meat, | Actsascoenzyme | 1. Pernicious anaemia;
(Cyanocoba- fish, eggs, milk, cheese | necessary  for | 2. Malfunctioningof nervous
lamin) DNA synthesis, system.

red blood cell for-
mation, growth
and nerve func-
tion.

12. VitaminC 40 mg Amla, guava, citrus|l. Promotes pro- | Scurvy.A diseasecharacteri-
(Ascorbic fruits (lime, lemon, or- | tein synthesis | sedby swellingof gums, mul-
acid) ange), tomatoes, green| (collagen), | tiplehaemorrhages, anaemia

and weakness.
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particular locus on the chromo-
some. Thus, hormones serve to CHa, = "s
coordinatethevarious activities I CH
concernedwithaparticular func- CH ."
tion, e.g., thehormoneecdyosone . " = CH,
controlsmoulting and metamor-
phosis in insects (Beermann, s CHs.I. ':[
1965). u u I . u u . n "

In mammalian liver cells,
the enzymes which convert glu- = « By .
coseinto glycogen areregulated
by thehormoneinsulin whichis Fig. 4.33. Chemical formula of vitamin D.
synthesized by B-cells of theis-
lets of Langerhans in the pan-
creas. Moreover, the hormonethyroxine, asecretion of thyroid gland, activatesthe enzyme phospho-
rylase to form glucose phosphate from the glycogen.

CH,
CH,4
Fall 0.
o e L CH CH CH
CH3 —"n 1 i | 3 | 3 | 3
(CH2)3 —CH— (CH2)3 —CH— (CH2)3 —CH— CH3
HQ = I..I - . -
- .. o b L -
CH,4
Fig. 4.34. Chemical formula of vitamin E (alphatocopherol).

Nucleic Acids

The nucleic acids are the complex macromolecular organic compounds of immense biological
importance. They control the important biosynthetic activities of the cell and carry hereditary
informationsfrom generationto generation. Thereoccur two typesof nucleic acidsinliving organims,
viz,, Ribonucleicacid (RNA) and Deoxyribonucleicacid (DNA). Both typesof nucleic acidsarethe
polymers of the nucleotides. A nucleotide is composed of nucleoside and phosphoric acid. Even the

CH,OH
c=o0
H,C
q-.l....l .--Io
u
I... 3(l:..I u

Photograph of DNA made by tunneling ) ] )
microscopy. Fig. 4.35. Chemical formulaof cortisone.
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nucleoside is composed of the pentose sugars (Ribose or Deoxyribose) and nitrogen bases (Purines
or Pyrimidines). The purines are adenine and guanine and the pyrimidines are the cytosine,
thymine and uracil. The cytoplasmic matrix contains only RNA, while DNA exclusively remains
concentrated in the nucleus.

The D DNA and RNA have amost similar chemical compositionsexcept afew differences. Both
have been compared in Table 4-8.

PROPERTIES OF CYTOPLASMIC MATRIX

The matrix isaliving substance and it has following physical and biological properties:

Physical Properties
The most of the physical properties of the matrix are dueto its colloidal nature and these are as
follows:

HOCH, | i

H
HOCH, 0
H H
H OH
OH OH

Fig. 4.36. Chemical formulaof ribose sugar. Fig. 4.37. Chemical formula of deoxyribose sugar.

INH2 o)
I
/GC\ N SO N
\ 3¢ 7 H_T ﬁ \CH
| | eoH _
HCQ\S 4C\,‘f, HzN C\N/C\'l\l/
N
: g

Fig. 4.38. Chemical formula of adenine. Fig. 4.39. Chemical formula of guanine.

1. Tyndall’ s effect. When abeam of strong light is passed through the colloidal system of the
matrix at right angles in the dark room, the small colloidal particles which remain suspended in the
colloidal system, reflect the light. The path of the light appears like a cone. Thislight cone is known
as Tyndall’ s cone because this phenomenon has been first of all reported by Tyndall (1820—1893)
in colloids.

2. Brownian movement. The suspended colloidal particles of the matrix always movein zig-

" i I
C C C

Y /

N1/6\50H H—T \|(ID—H H—"I' ﬁ—CHs

0=C0C; 4I(I)H O0=—C¢C C—H =cC C—H

N§ . N
I I 1
H H i

Fig. 4.40. Chemical formulaof Fig.4.41. Chemicalformula  Fig. 4.42. Chemical formula of

cytosine. of uracil. thymine.
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zag fashion. Thismovement of moleculesis caused by moving water moleculeswhich strikewith the
colloidal molecules to provide motion to them. This type of movement was first of all observed by
Scottish botanist Robert Brown in 1827 in the colloida solution. Therefore, such movements are
knownasBrownian movement. The Brownian movement isthe peculiarity of al colloidal solutions
and depends on the size of the particles and temperature.

Table 4-8.

Comparison of DNA and RNA.

DNA

RNA

1. It contains pentose sugar known as de-
oxyribose.

2. Themoleculecontainsthe phosphoricacid
(phosphate) mol eculewhich connectsvari-
ous sugars with one another.

3. Thenitrogen bases are :

(i) Purines—adenine and guanine.
(i) Pyrimidine—cytosine and thymine.

4. Molecules have four nucleotides as
deoxyadenosine monophosphate, deoxy-
guanosine monophosphate, deoxycytidine
monophosphateand thymidinemonophos-
phate.

5. The molecule contains a double stranded
helix structure in which many nucleotides
remain arranged in pair.

6. DNA isagenetic material and occurs in
chromosomes, nucl eoplasm and mitochon-
dria, etc.

It contains pentose sugar called the ribose.

The molecule contains the phosphoric acid
(phosphate) molecule which connects various
sugars with one another.

Themol eculecontainsfollowing nitrogen bases
inits molecule:

(i) Purines—adenine and guanine.

(ii) Pyrimidines—cytosine and uracil.
Molecules have four nucleotides as adenosine
monophosphate, guanosinemonophosphate, cy-
tidine monophosphate and uridine monophos-
phate.

The molecules consist of single chain of poly-
nucleotides.

RNA isacarrier of genetic informationsand it
playsvery significant rolein the mechanism of
protein synthesis. It mostly occursin nucleolus,

nucleoplasm and cytoplasm.

3. Cyclosis and amoeboid movement. Dueto the phase reversal property of the cytoplasmic
matrix, theintracel lul ar streaming or movement of thematrix takesplace. Thisproperty of intracullular
movement of matrix isknownasthecyclosis. Thecyclosisusually occursinthe sol-phase of thematrix
and is effected by the hydrostatic pressure, temperature, pH, viscosity, etc. The intracellular
movementsof the pinosomes, phagosomesand various cytoplasmic organellessuch asthelysosomes,
mitochondria, chromosomes, centrioles, etc., occur only due to cyclosis of the matrix. The cyclosis
has been observed in most animal and plant cells.

The amoeboid movement depends directly on the cyclosis. The amoeboid movement occursin
the protozoans, leucocytes, epithelia, mesenchymal and other cells. In the amoeboid movement the
cell changesits shape actively and gives out cytoplasmic projections known as pseudopodia. Dueto
cyclosis matrix moves these pseudopodia and this causes forward motion of the cell.

4. Surfacetension. The moleculesintheinterior of ahomogeneousliquid arefreeto moveand
are attracted by surrounding molecules equally in all directions. At the surface of the liquid where it
touchesair or someother liquid, however, they are attracted downward and sidewaysor inward, more
than upward; consequently they are subjected to unequal stress and are held together to form a
membrane. The force by which the moleculesareboundiscalled the surfacetension of theliquid.
The cytoplasmic matrix being a liquid possesses the property of surface tension. The proteins and
lipidsof matrix havelesssurfacetension, therefore, occur at the surfaceand formthemembrane, while
the chemical substances such asNaCl have high surfacetension, therefore, occur in deeper part of the
matrix.
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5. Adsorption. The increase in the
concentration of a substance at the surface
of a solution is known as adsorption
(L.,ad=to, sorbex=to draw in). The phe-
nomenon of adsorption helps the matrix to
form protein boundaries.

6. Other mechanical or physical
propertiesof matrix. Besides surface ten-
sion and adsorption, the matrix possesses
other mechanical properties, e.g., elasticity,
contractility, rigidity and viscosity which
provide to the matrix many physiological
utilities.

7. Polarity of the egg. The colloidal
system due to its stable phase determines
the polarity of the cell matrix which cannot
be altered by centrifugation of other me-
chanical means.

8. Buffersand pH. The matrix hasa
definite pH value and it does not tolerate Surface tension: A baby's first breath is facilitated by a

i anifi t it initspH bal Yet special coating called a surfactant, which the lungs secrete.
S'gr_“ ICantvarl _|ons!n_| .Sp ance. This material acts much like a detergent to decrease the
various metabolic activities produce small surface tension of the fluid layer lining the lungs. Without the
amount of excessacidsor bases. Therefore, surfactant hydrogen bonds in the water lining the small sacs
to protect itself from such pH variation the of the lungs would pull water molecules together so tightly

. . . . that the sacs would collapse.
matrix containscertainchemica compounds
ascarbonate-bicarbonate systemknown asbuffer swhich maintain aconstant state of pH inthematrix.

Biological Properties

The matrix isaliving substance and it has following biological properties:

1. Irritability. The irritability is the fundamental and inherent property of the matrix. It
possesses a sensitivity to stimulation, an ability to transmission of excitation and ability to react
according to stimuli. The heat, light, chemical substances and other factors stimul ate the cytoplamic
matrix to contract.

2. Conductivity. The conductivity is the process of conduction or transmission of excitation
fromtheplaceof itsorigintotheregion of itsreaction. Thematrix of nerve cellspossessesthe property
of the conductivity.

3. Movement. The cytoplasmic matrix can perform movement due to cyclosis. The cyclosis
depends on the age, water contents, heredity factors and composition of the cells.

4. Metabolism. The matrix is the seat of various chemical activities. These activities may be
either constructive or destructive in nature. The constructive processes such as biosynthesis of
proteins, lipids, carbohydrates and nucleic acids are known as anabolic processes, while the
destructive processes such as oxidation of foodstuffs, etc., are known as catabolic processes. The
anabolic and catabolic processes are collectively known as metabolic process.

5. Growth. Dueto the secretory or anabolic activities (Gr., anabolism= athrowing up) of the
cell, new protoplasm continuoulsy increasesin its volume. The increasein the volume of the matrix
causes into the growth of the cell which ultimately divides into daughter cells by the cell division.

6. Reproduction. The cytoplasm has the property of asexual and sexual reproduction.

Contents
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REVISION QUESTIONS

1.  Whatiscytoplasmic matrix ? Describe varioustheoriesregarding the physical nature of the matrix.
Also discuss various properties of the matrix.

2. Whatisthestructural basisfor the unique properties of the water molecule ? How do the properties
of water make it of importance to living systems ?

3. How would you define carbohydrates ? What are the major classes of carbohydrats ? How do the
polysaccharides differ from the protein macromolecules ?

What are the mgjor classes of lipids and what types of functions are served by them ?
Give the structure of triglyceride.

Name two porphyrins and give their functions.

What is the general formula of amino acids ?

What are primary, secondary, tertiary, and quaternary levels of protein structure ? What types of
chemical bondingsareresponsiblefor each of thesestructural levels ?Which of the structural levels
play afundamental direct role in protein functioning ?

9.  Describe the molecular structure of the following proteins : collagens, haemoglobin and immuno-
globulin.

10. Write an essay on immunity and immunoglobulins.

11. How would you define an enzyme ? Describe some main types of enzymes.

12. Give structural formula of ribose and deoxyribose sugars.

13. What are three components of a nucleotide ?

14. List the nitrogenous bases which occur in DNA and RNA.

15. Enumerate the differences between DNA and RNA.

16. Write short notes on the following :
(i) Amino acids ; (ii) ATP; (iii) Vitamins; (iv) Hormones;;
(V) Nucleic acids;; (vi) Brownian movement ; and (vii) Cofactor.
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