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SSEEMMEESSTTEERR  

  

  

BBIIOOMMOOLLEECCUULLEESS  AANNDD  CCEELLLL  BBIIOOLLOOGGYY  

  

  

 

 

UNITS 

 

DESCRIPTION 

 

 

UNIT-I  

 

Water and its Physicochemical Properties; Dissociation and 

Association Constants, 
pH,Buffers, pI, pKa, Solubility and Criteria for Solubility, 
Hydrophobicity and 

Hydrophilicity; Aminoacids: Structure and classification. Importance 
of non-protein amino 
acids. Essential amino acids. Dielectric Constant. Laws of 

Thermodynamics, open and closed 

systems, isolated system. Gibbs Free Energy, Enthalpy and Entropy 
with special reference to 

Biological systems.Structure, Classification, Physical and Chemical 
Properties of Amino 
Acids. Peptide bond. Primary structure, Secondary structure, & 
Ramachandran Plot, Tertiary Structure of Proteins. Forces 

stabilizing protein structure. 

 

 

UNIT-II  

 

 

Definition and Properties of Carbohydrates; Structure and 

Function of Mono, Di and 

polysaccharides (Glucose, Mannose, Fructose, Galactose, 

Lactose, Sucrose, Glycogen, Starch 

and Cellulose); Isomerism of Carbohydrates; Mutarotation; 

Glycoproteins, Peptidoglycans, Lipopolysaccharides. 

Classification of Lipids and Fatty Acids; Structure and 

Function of Saturated and Unsaturated 

Fatty Acids, Triglycerides and Cholesterol; Structure & 

function of Phospholipids, 

Sphingolipids, Cerbrosides. 

 

 

UNIT-III  

 

 

Vitamins: Structure and function of water soluble (B1, 2, 6, 12, 

C) & lipid soluble (A,D, E, 

K). Hormones: properties and function of Peptide hormones, 

steroid hormones & Amino-acid derivatives. 

Structure of Purines, Pyrimidines, Nucleosides and 

Nucleotides; Structure of Biologically important Nucleotides 

and their function (FADH, NADH, NADPH, Co-A). 

 

UNIT-IV  

 

Structure of Prokaryotic and Eukaryotic Cells. Structure and 

Function of: Plasma Membrane, 

Endoplasmic Reticulum, Mitochondria, Golgi Apparatus, 

Ribosomes, Lysosomes, Chloroplast. Nucleus: structure of 

nuclear envelop & nuclear pore. Nucleolus function & 

composition. Organization of genomic DNA in the Nucleus. 

Histones & their role in packing 

of DNA. Nucleosomes as basic unit of eukaryotic chromosome 

structure. 
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““KKiinnddllyy  nnoottee  tthhaatt  aannyy  mmiissttaakkee  iinn  tthhee  ccoonntteennttss  ooff  tthhiiss  nnoottiiccee  iiss  dduuee  ttoo  mmyy  

iimmppeerrffeeccttiioonn  aass  aa  hhuummaann  bbeeiinngg  aass  oonnllyy  AAllllaahh  SSuubbhhaannaahhuu  WWaa--TTaa''aallaa  iiss  ppeerrffeecctt  

iinn  aallll  aaffffaaiirrss””..  

 

 

QQ::  --  WWaatteerr  aanndd  iittss  PPhhyyssiiccoocchheemmiiccaall  PPrrooppeerrttiieess..  

AAnnss::--Water is the chemical substance with chemical formula 

H2O: one molecule of waterhas two hydrogen atoms 

covalently bonded to a single oxygen atom. 

Water appears in nature in all three common states of 

matter and may take many different forms on Earth: water 

vapour and clouds in the sky; seawater and icebergs in the 

polar oceans; glaciers and rivers in the mountains; and the 

liquid in aquifers in the ground. 

At high temperatures and pressures, such as in the 

interior of giant planets, it is argued that  waterexists as ionic  

water  in which the molecules break down into a soup of 

hydrogen and oxygen ions, and at even higher pressures as 

superionic  water in which the oxygen crystallises but the 

hydrogen ions float around freely within the oxygen lattice. 

The major chemical and physical properties of water are: 

 Wateris a tasteless, odourless liquid at standard temperature 

and pressure. The colour of waterand ice is, intrinsically, a 

very slight blue hue, although waterappears colourless in 

small quantities. Ice also appears colourless, and watervapour 

is essentially invisible as a gas. 

UNIT-I 
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 Wateris transparent, and thus aquatic plants can live within 

the water because sunlight can reach them. Only strong UV 

light is slightly absorbed. 

 Since the watermolecule is not linear and the oxygen atom 

has a higher electronegativity than hydrogen atoms, it carries 

a slight negative charge, whereas the hydrogen atoms are 

slightly positive. As a result, water is a polar molecule with an 

electrical dipole moment. wateralso can form an unusually 

large number of intermolecular hydrogen bonds (four) for a 

molecule of its size. These factors lead to strong attractive 

forces between molecules of  water, giving rise to water's high 

surface tension and capillary forces. The capillary action 

refers to the tendency of water to move up a narrow tube 

against the force of gravity. This property is relied upon by all 

vascular plants, such as trees. 

 Water is a good solvent and is often referred to as the 

universal solvent. Substances that dissolve in water , e.g., 

salts, sugars, acids, alkalis, and some gases – especially 

oxygen, carbon dioxide (carbonation) are known 

as hydrophilic (water-loving) substances, while those that do 

not mix well with  water (e.g., fats and oils), are known 

as hydrophobic (water-fearing) substances. 

 All the major components in cells (proteins, DNA and 

polysaccharides) are also dissolved in water. 

 Pure water has a low electrical conductivity, but this increases 

significantly with the dissolution of a small amount of ionic 

material such as sodium chloride. 
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 The boiling point of water(and all other liquids) is dependent 

on the barometric pressure. For example, on the top of Mt. 

Everest  water boils at 68 degrees Celsius, compared to 100 

degrees Celsius at sea level. Conversely, waterdeep in the 

ocean near geothermal vents can reach temperatures of 

hundreds of degrees and remain liquid. 

 Waterhas the second highest molar specific heat capacity of 

any known substance, after ammonia, as well as a high heat 

of vaporisation (40.65 kJ·mol-1), both of which are a result of 

the extensive hydrogen bonding between its molecules. 

These two unusual properties allow water to moderate Earth's 

climate by buffering large fluctuations in temperature. 

 The maximum density of wateroccurs at 3.98 degrees 

Celsius. It has the anomalous property of becoming less 

dense, not more, when it is cooled down to its solid form, ice. 

It expands to occupy 9 percent greater volume in this solid 

state, which accounts for the fact of ice floating on 

liquid Water. 

QQ::  --  DDiissssoocciiaattiioonn  aanndd  AAssssoocciiaattiioonn  CCoonnssttaannttss..  

AAnnss::--a dissociation constant (  ) is a specific type 

of equilibrium constant that measures the propensity of a 

larger object to separate (dissociate) reversibly into smaller 

components, as when a complex falls apart into its 

component molecules, or when a salt splits up into its 

component ions. The dissociation constant is the inverse of 

the association constant. In the special case of salts, the 

dissociation constant can also be called an ionization constant. 

For a general reaction 
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in which a complex  breaks down into x A subunits and y B 

subunits, the dissociation constant is defined 

 

Where [A], [B], and [AxBy] are the concentrations of A, B, and 

the complex AxBy, respectively. 

One reason for the popularity of the dissociation constant in 

biochemistry and pharmacology is that in the frequently 

encountered case where x=y=1, Kd has a simple physical 

interpretation: when [A]=Kd, [B]=[AB] or equivalently 

[AB]/([B]+[AB])=1/2. That is, Kd, which has the dimensions of 

concentration, equals the concentration of free A at which half 

of the total molecules of B are associated with A. This simple 

interpretation presumes the absence of competing reactions 

and does not apply for higher values of x or y. 

The dissociation constant is commonly used to describe 

the affinity between a ligand ( ) (such as a drug) and 

a protein ( ) i.e. how tightly a ligand binds to a particular 

protein. Ligand-protein affinities are influenced by non-

covalent intermolecular interactions between the two 

molecules such as hydrogen bonding, interactions, 

hydrophobic and Van der Waals forces. They can also be 

affected by high concentrations of other macromolecules, 

which causes macromolecular crowding.  

The formation of a ligand-protein complex ( ) can be 

described by a two-state process 
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The corresponding dissociation constant is defined 

 

where [ ], [ ] and [ ] represent molar concentrations of 

the protein, ligand and complex, respectively. 

Dissociation constant of water 

The dissociation constant of water is denoted Kw: 

 

The concentration of water  is omitted by convention, 

which means that the value of Kw differs from the value 

of Keq that would be computed using that concentration. 

The value of Kw varies with temperature, as shown in the table 

below. This variation must be taken into account when making 

precise measurements of quantities such as pH. 

Water temperature Kw / 10−14 pKw 

0°C 0.112 14.95 

25°C 1.023 13.99 

50°C 5.495 13.26 

75°C 19.95 12.70 

100°C 56.23 12.25 

QQ::--ppHH  aanndd  BBuuffffeerrss  DDeeffiinneedd..  

AAnnss::--pH is a measure of the concentration of H+ [H3O+] ions in 

a solution. Only the concentration of H+ and OH- molecules 

determine the pH. When the concentration of H+ and OH- ions 

are equal, the solution is said to be neutral. If there are more 
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H+ than OH- molecules the solution is acidic, and if there are 

more OH- than H+ molecules, the solution is basic. 

Buffers 

To be able to add a strong acid or base to a solution without 

causing a large change in the pH, we need to create a buffer 

solution. A buffer solution contains both a weak acid (HA) and 

its conjugate base (A-). 

pH in the Absence of a Buffer 

If we add a strong acid or strong base to water, the pH will 

change dramatically. For instance, adding a strong acid such 

as HCl to water results in the reaction HCl + H2O → H3O+ + Cl-

. In other words, the proton (H+) from the acid binds to neutral 

water molecules to form H3O+ raising the concentration of H+. 

The resulting large concentration of (H+) makes the solution 

more acidic and leads to a dramatic drop in the pH. 

 
Solid NaOH consists of Na+ and OH- ions packed into a 

crystalline lattice. When this solid is added to water, the ions 

float apart leading to extra OH- ions in the water: NaOH → OH-

 + Na+. The resulting large concentration of OH- makes the 

solution more basic and leads to a dramatic increase in the 

pH. (Remember that since the product of concentrations, [OH-
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][H+], remains fixed at Kw=10-14, as the concentration of OH-

 ions goes up, the concentration of H+ ions goes down.) 

 
 

The pH of a buffer is determined by two factors; 1) The 

equilibrium constant Ka of the weak acid and 2) the ratio of 

weak base [A-] to weak acid [HA] in solution. 

1) Different weak acids have different equilibrium constants 

(Ka). Ka tells us what proportion of HA will be dissociated into 

H+ and A- in solution. The more H+ ions that are created, the 

more acidic and lower the pH of the resulting solution. 

 
2) The ratio of A- to HA in a buffer also affects the pH. If a 

buffer has more base than acid, more OH-ions are likely to be 

present and the pH will rise. If a buffer has more acid than 

base, more H+ ions are present and the pH will fall. When the 

concentrations of A- and HA are equal, the concentration H+ is 

equal to Ka, (or equivalently pH = pKa). 
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This is formalized in the Henderson-Hasselbalch 

equation:  

Since pKa is a property of the weak acid we select for our 

buffer, we can control the pH by manipulating the proportion of 

weak base (A-) and weak acid (HA) in solution. 

QQ::--  SSoolluubbiilliittyy  aanndd  CCrriitteerriiaa  ffoorr  SSoolluubbiilliittyy..  

AAnnss::--A basic knowledge of which compounds are soluble in 

aqueous solutions is essential for predicting whether a given 

reaction might involve formation of a precipitate (an insoluble 

compound). 

The following guidelines are generalizations. A substance 

is classified as insoluble if it precipitates when equal volumes 

of 0.1 M solutions of its components are mixed. Keep in mind, 

however, that no substance is completely insoluble. 

Substances listed as insoluble are, at some level, partially 

soluble. The magnitude of the ion product constant (Ksp) for 

the appropriate solubility equilibrium should be examined. 

Larger Ksp values indicate greater solubility; smaller Ksp values 

indicate lesser solubility. 

The symbol "<=>" is used here to signify the 'double-

arrrow' symbol for a chemical equilibrium. The symbol "=>" is 

used here to signify the 100% dissociation of a compound into 
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its electrolyte ions in aqueous solution. The subscript "(s)" 

following a species indicates that it is a solid. The subscript 

"(aq.)" following a species indicates that it is in aqueous 

solution. 

Rule 1. All compounds of Group IA elements (the alkali 

metals) are soluble. 

For example, NaNO3, KCl, and LiOH are all soluble 

compounds. This means that an aqueous solution of KCl really 

contains the predominant species K+ and Cl- and, because KCl 

is soluble, no KCl is present as a solid compound in aqueous 

solution: 

KCl(s) => K+
(aq.) + Cl-(aq.) 

Rule 2. All ammonium salts (salts of NH4
+) are soluble. 

For example, NH4OH is a soluble compound. Molecules of 

NH4OH completely dissociate to give ions of NH4
+ and OH- in 

aqueous solution. 

Rule 3. All nitrate (NO3
-), chlorate (ClO3

-), perchlorate (ClO4
-), 

and acetate (CH3COO- or C2H3O2
-, sometimes abbreviated as 

Oac-) salts are soluble. 

For example, KNO3 would be classified as completely soluble 

by rules 1 and 3. Thus, KNO3 could be expected to dissociate 

completely in aqueous solution into K+ and NO3
- ions: KNO3 => 

K+
(aq.) + NO3-

(aq.) 

Rule 4. All chloride (Cl-), bromide (Br-), and iodide (I-) salts 

are soluble except for those of Ag+, Pb2+, and Hg2
2+. 

For example, AgCl is a classic insoluble chloride salt:  

AgCl(s) <=> Ag+
(aq.) + Cl-(aq.) (Ksp = 1.8 x 10-10). 
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Rule 5. All sulfate ( SO4
=) compounds are soluble except 

those of Ba2+, Sr2+, Ca2+, Pb2+, Hg2
2+, and Hg2+, Ca2+ and 

Ag+ sulfates are only moderately soluble. 

For example, BaSO4 is insoluble (only soluble to a very small 

extent): 

BaSO4(s) <=> Ba2+
(aq.) + SO4

2-
(aq.) (Ksp = 1.1 x 10-10).  

Na2SO4 is completely soluble: 

Na2SO4(s) => 2 Na+
(aq.) + SO4

2-
(aq.). 

Rule 6. All hydroxide (OH-) compounds are insoluble except 

those of Group I-A (alkali metals) and Ba2+, Ca2+, and Sr2+. 

For example, Mg(OH)2 is insoluble (Ksp = 7.1 x 10-12). 

NaOH and Ba(OH)2 are soluble, completely dissociating in 

aqueous solution: 

NaOH(s) => Na+
(aq.) + OH-

(aq.), a strong base 

Ba(OH)2(s) => Ba2+
(aq.) + 2OH-

(aq.) (Ksp = 3 x 10-4) 

Rule 7. All sulfide (S2-) compounds are insoluble except those 

of Groups I-A and II-A (alkali metals and alkali earths). 

For example, Na2S(s) <=> 2Na+
(aq.) + S2-

(aq.) 

MnS is insoluble (Ksp = 3 x 10-11). 

Rule 8. All sulfites (SO3
=), carbonates (CO3

=), chromates 

(CrO4
=), and phosphates (PO4

3-) areinsoluble except for those 

of NH4
+ and Group I-A (alkali metals)(see rules 1 and 2). 

For example, calcite, CaCO3(s)  Ca2+
(aq.) + CO3

=
(aq.) (Ksp = 

4.5 x 10-9). 
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QQ::--  HHyyddrroopphhoobbiicciittyy  aanndd  HHyyddrroopphhiilliicciittyy..  

AAnnss::-- “Hydro” means water. From the initial stages of earths’ 

evolution, water has been a major part of the earth. As for 

today, water covers more than 70% of the earths’ surface. 

From this, a larger portion of water is in the oceans and seas, 

which is about 97%. Rivers, lakes, and ponds have 0.6% of 

water, and about 2% is there in polar ice caps and glaciers. 

Some amount of water is present in the underground, and a 

minute amount is in the gas form as vapors and in clouds. 

Water is something we cannot live without. Since water is a 

universal solvent, it participates in most reactions. It is the 

most abundant inorganic compound in living matter. More than 

75% of our body composes of water. It is a component of cells, 

act as a solvent and reactant. Water is the medium for almost 

all the biological reactions. Therefore, the capacity of 

compounds to interact with water is crucial. The degree of this 

capacity is explained by the two terms hydrophilic and 

hydrophobic. 

Hydrophilic 

Hydrophilic means water loving. Water is polar molecule. 

Hydrophilic substances are water loving substances; therefore, 

they like to interact with water or they are dissolved in water. 

As the phrase “like dissolves like” says, to interact or dissolve 

in polar molecule like water, the hydrophilic substance should 

also be polar. So if, there is even a part of a big molecule 

which is a polar, that end can attract water. For example, the 

phospholipid molecules, which forms the membrane of the 

cell, has a hydrophilic phosphate group. Though, the whole 
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molecule is not hydrophilic (the large lipid part of the molecule 

is hydrophobic), that phosphate head is hydrophilic, thus 

interacts with water. In contrast to molecules like this, some 

substances are very hydrophilic. For example, salts and sugar 

attract water so easily. They even have the ability to attract 

moisture from the air, so when they are exposed to air they 

tend to dissolve over time. This happens spontaneously 

because it is thermodynamically favorable. The substances 

tend to dissolve in water because; they form hydrogen bonds 

with water. Usually, hydrophilic substances have a charge 

separation which makes them polar and capable of hydrogen 

bonding with water. Hydrophilic substances are used to draw 

water and keep material dry. 

Hydrophobic 

Hydrophobic is the opposite side of hydrophilic. As the name 

suggests, “hydro” means water, and “phobic” means fear. So 

the substances, which don’t like water, are known as 

hydrophobic. Therefore, they repel water molecules. Non-polar 

substances show this kind of behavior. In other words, 

hydrophobic substances like to interact with or dissolve in non-

polar solvents like oil, hexane etc. Thus, hydrophobic 

substances are also known as lipophilic (fat loving). When 

hydrophobic substances are in water, they combine together 

and repel water molecules. Hydrophobic solvents are 

important to separate water immiscible substances from water. 

QQ::  --  SSttrruuccttuurree  aanndd  CCllaassssiiffiiccaattiioonn  ooff  AAmmiinnooaacciiddss..  
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AAnnss::  --Definition of Amino Acid:-Amino acids are organic 

acids which contain both basic (amino - NH2) and acidic 

(carboxyl COON) groups and have general formula 

H  

     | 

R-C-COON  

     |                                       

  NH2 

Classification of Amino Acid: 

Based on Composition they are classified as: 

1) Aliphatic mono amino monocarboxylic acids: e.g. glycine, 

alanine, valine, leucine, isolucine 

2) Aromatic amino acids: e.g. phenylalanine, tyrosine and 

tryptophan 

3) Hydroxy amino acids: e.g. serine, threonine 

4) Acidic or dicarboxylic acids: e.g. Aspartic acid and glutamic 

acids 

5) Basic amino acids: e.g. Lysine, arginine and histidine. 

6) Sulphur containing amino acids: e.g. methionine, cysteine 

7) Secondary amino acids: e.g. proline and hydroxyproline 

8) Non protein amino acid: e.g. Aminobutyrate, homoserine 

and cystathionine in plants. 

Properties of Amino Acids: 

Colour less, crystalline, tufts of slender needles (Tyrosine) to 

hexagonal plates (cystine). Taste varies from sugar sweet 

(glycine, alanine) through tasteless (Tyrosine) to bitter 

(arginine). 
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All amino acids except glycine contain at least one asymmetric 

carbon atom ornithine needles (tyrosine) to hexagon plates 

(cysteine) 

1) Solubility 

2) Amphoteric Nature 

3) Esterification 

4) Ninhydrin Reaction 

5) Reaction of alpha amino acid with HCL 

6) Reaction of carboxylic group with NaOH 

7) Zwitter ion 

8) Electrical Property 

Amino group of one amino acid combine with carboxyl group 

of second amino acid linkage called peptide.  Explain the term 

dipeptide, Tri peptide, Tetra peptide and polypeptide. 

Buret Reaction:-Peptide containing two or more peptide 

bonds will react with Cu2+ in an alkaline solution to form violet 

blue colour 

Essential Amino Acids:-Most of the naturally occurring 

amino acids are indispensable. Naturally occurring ten amino 

acids cannot be synthesized in animal body for which external 

supplementation is needed Ex. Tryptophan, Histidine, 

Arginine, Leucine, Isoleucine, Lysine, Valine, methionine, 

phenylalanine, Threonine. 

Functions of Amino Acids: 

i) Formation of Proteins 

ii) Maintenance of Tissues 

iii) Formation of Enzymes, Hormones and Antibodies. 

QQ::--  IImmppoorrttaannccee  ooff  nnoonn--pprrootteeiinn  aammiinnoo  aacciiddss..  
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AAnnss::-- In chemistry, an amino acid is a molecule that contains 

both amine and carboxyl functional groups. In biochemistry, 

this term refers to alpha-amino acids with the general formula 

NH2CHRCOOH.[1] These are molecules where the amino and 

carboxylate groups are attached to the same carbon, which is 

called the α–carbon. The various alpha amino acids differ in 

which side chain (R group) is attached to their alpha carbon. 

This can vary in size from just a hydrogen atom in glycine, 

through a methyl group in alanine, to a large heterocyclic 

group in tryptophan. 

Alpha-amino acids are the building blocks of proteins. 

Proteins form via the condensation of amino acids to form a 

chain of amino acid "residues" linked by peptide bonds. Each 

different protein has a unique sequence of amino acid 

residues; this sequence is the primary structure of the protein. 

Just as the letters of the alphabet can be combined to form an 

almost endless variety of words, amino acids can be linked in 

varying sequences to form a huge variety of proteins. 

 

Phenylalanine is one of the standard amino acids. 

There are twenty standard amino acids used by cells in protein 

biosynthesis, and these are specified by the general genetic 

code. These twenty amino acids are biosynthesized from other 

molecules, but organisms differ in which ones they can 

http://www.kashmirstudentnews.com/
http://www.kashmirstudentnews.com/


Download  All Guess Papers & Prevous Papers 
Www.KashmirStudentNews.Com                      

 

MUDASIR XEROX CENTRE WARAPORA SOPORE 7006044696,9797044696 
Www.KashmirStudentNews.Com                               

synthesize and which ones must be provided in their diet. The 

ones that cannot be synthesized by an organism are called 

essential amino acids. 

Functions in proteins 

Amino acids are the basic structural building units of proteins. 

They form short polymer chains called peptides or longer 

chains either called polypeptides or proteins. The process of 

such formation from an mRNA template is known as 

translation which is part of protein biosynthesis. Twenty amino 

acids are encoded by the standard genetic code and are 

called proteinogenic or standard amino acids. Other amino 

acids contained in proteins are usually formed by post-

translational modification, which is modification after 

translation in protein synthesis. These modifications are often 

essential for the function or regulation of a protein; for 

example, the carboxylation of glutamate allows for better 

binding of calcium cations, and the hydroxylation of proline is 

critical for maintaining connective tissues and responding to 

oxygen starvation. Such modifications can also determine the 

localization of the protein, e.g., the addition of long 

hydrophobic groups can cause a protein to bind to a 

phospholipid membrane. 
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A polypeptide is a chain of amino acids. 

Non-protein functions 

The twenty standard amino acids are either used to synthesize 

proteins and other biomolecules, or oxidized to urea and 

carbon dioxide as a source of energy. The oxidation pathway 

starts with the removal of the amino group by a transaminase, 

the amino group is then fed into the urea cycle. The other 

product of transamidation is a keto acid that enters the citric 

acid cycle.[3] Glucogenic amino acids can also be converted 

into glucose, through gluconeogenesis. 

Hundreds of types of non-protein amino acids have been 

found in nature and they have multiple functions in living 

organisms. Microorganisms and plants can produce 

uncommon amino acids. In microbes, examples include 2-

aminoisobutyric acid and lanthionine, which is a sulfide-

bridged alanine dimer. Both these amino acids are both found 

in peptidic lantibiotics such as alamethicin. While in plants, 1-

Aminocyclopropane-1-carboxylic acid is a small disubstituted 

cyclic amino acid that is a key intermediate in the production of 

the plant hormone ethylene. 

In humans, non-protein amino acids also have 

biologically-important roles. Glycine, gamma-aminobutyric acid 
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and glutamate are neurotransmitters and many amino acids 

are used to synthesize other molecules, for example: 

• Tryptophan is a precursor of the neurotransmitter serotonin  

• Glycine is a precursor of porphyrins such as heme  

• Arginine is a precursor of the hormone nitric oxide  

• Carnitine is used in lipid transport within a cell,  

• Ornithine and S-adenosylmethionine are precursors of 

polyamines,  

• Homocysteine is an intermediate in S-adenosylmethionine 

recycling 

Also present are hydroxyproline, hydroxylysine, and sarcosine. 

The thyroid hormones are also alpha-amino acids. 

Some amino acids have even been detected in meteorites, 

especially in a type known as carbonaceous chondrites. This 

observation has prompted the suggestion that life may have 

arrived on earth from an extraterrestrial source. 

QQ::--  EEsssseennttiiaall  aammiinnoo  aacciiddss..  

AAnnss::-- Amino acids are organic compounds that combine to 

form proteins. Amino acids and proteins are the building 

blocks of life. 

When proteins are digested or broken down, amino acids are 

left. The human body uses amino acids to make proteins to 

help the body: 

 Break down food 

 Grow 

 Repair body tissue 

 Perform many other body functions 
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Amino acids can also be used as a source of energy by the 

body. 

Amino acids are classified into three groups: 

 Essential amino acids 

 Nonessential amino acids 

 Conditional amino acids 

Essential amino acids 

 Essential amino acids cannot be made by the body. As a 

result, they must come from food. 

 The nine essential amino acids are: histidine, isoleucine, 

leucine, lysine, methionine, phenylalanine, 

threonine, tryptophan, and valine. 

Nonessential amino acids 

 "Nonessential" means that our bodies produce an amino acid, 

even if we don't get it from the food we eat. 

 They include: alanine, asparagine, aspartic acid, and glutamic 

acid. 

Conditional amino acids 

 Conditional amino acids are usually not essential, except in 

times of illness and stress. 

 They include: arginine, cysteine, glutamine, tyrosine, glycine, 

ornithine, proline, and serine. 

QQ::--  DDiieelleeccttrriicc  ccoonnssttaanntt..  

AAnnss::--The dielectric constant k is the relative permittivity of 

a dielectric material. It is an important parameter in 

characterizing capacitors. It is unfortunate that the same 

symbol k is often used for Coulomb's constant, so one must be 
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careful of this possible confusion. It is more typical of physics 

texts to use the form 1/4πε0 for Coulomb's constant. 

Coulomb's Law 

F = (k . q1 . q2) / D . r2 

where: 

 F is the force between the two electric 

charges q1 and q2 at a distance r apart 

 D is the dielectric constant of the solvent. 

The large dielectric constant of water means that the force 

between the ions in a salt is very much reduced permitting 

the ions to separate. These separated ions become 

surrounded by the oppositely charged ends of the water 

dipoles and become hydrated. This ordering tends to be 

counteracted by the random thermal motions of the 

molecules. Water molecules are always associated with each 

other through as many as four hydrogen bonds and this 

ordering of the structure of water greatly resists the random 

thermal motions. Indeed it is this hydrogen bonding which is 

responsible for its large dielectric constant. 

Water itself dissociates into ions but the dissociation constant 

is very small ( Kw = 4.3 x 10-16 mmol/l). The paradox here is 

that though this is incredibly small, it has an extremely large 

effect in biological systems. Why? Because the dissociation 

produces protons (ie H+). These are very reactive and have a 

biologic importance out of all proportion to their minute 

concentration.  

QQ::--  LLaawwss  ooff  TThheerrmmooddyynnaammiiccss..  
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AAnnss::-- The field of thermodynamics studies the behavior 

of energy flow in natural systems. From this study, a number 

of physical laws have been established. The laws of 

thermodynamics describe some of the fundamental truths of 

thermodynamics observed in our Universe. Understanding 

these laws is important to students of Physical Geography 

because many of the processes studied involve the flow of 

energy. 

First Law of Thermodynamics 

The first law of thermodynamics is often called the Law of 

Conservation of Energy. This law suggests that energy can 

be transferred from one system to another in many forms. 

Also, it cannot be created or destroyed. Thus, the total 

amount of energy available in the Universe is constant. 

Einstein's famous equation (written below) describes the 

relationship between energy and matter: 

E = mc2 

In the equation above, energy (E) is equal to matter (m) times 

the square of a constant (c). Einstein suggested that energy 

and matter are interchangeable. His equation also suggests 

that the quantity of energy and matter in the Universe is fixed. 

Second Law of Thermodynamics 

Heat cannot be transfer from a colder to a hotter body. As a 

result of this fact of thermodynamics, natural processes that 

involve energy transfer must have one direction, and all 

natural processes are irreversible. This law also predicts that 

the entropy of an isolated system always increases with time. 

Entropy is the measure of the disorder or randomness of 
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energy and matter in a system. Because of the second law of 

thermodynamics both energy and matter in the Universe are 

becoming less useful as time goes on. Perfect order in the 

Universe occurred the instant after the Big when energy and 

matter and all of the forces of the Universe were unified. 

Third Law of Thermodynamics 

The third law of thermodynamics states that if all the thermal 

motion of molecules (kinetic energy) could be removed, a state 

called absolute Zero would occur. Absolute zero results in a 

temperature of 0 Kelvins or -273.15°  Celsius. 

Absolute Zero = 0 Kelvins = -273.15° Celsius 

The Universe will attain absolute zero when all energy and 

matter is randomly distributed across space. The current 

temperature of empty space in the Universe is about 2.7 

Kelvins. 

QQ::--  OOppeenn  aanndd  cclloosseeddSSyysstteemmss..  

AAnnss::--A system is defined as a collection of interrelated part 

forming a synergistic whole that jointly perform functions that 

each part by itself cannot perform. The parts of the systems, 

also called components or elements, can be thing, or people, 

or both. Actions of the system elements including interactions 

between them constitute the processes of the system. 

Systems can be very simple and constitute of only things. For 

example, a chair is a physical system that serves the purpose 

of providing the convenience for sitting. The various 

components of the chair like its legs, seat, arms, and the back 

rest are connected to each other to to provide necessary 
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shape, strength, rigidity and other characteristics to the chair, 

which enable the chair as a whole to serve its purpose. 

Systems can also be very complex like human body, a 

manufacturing plant, or a business organization. 

The system as a whole receives inputs from sources 

outside itself, processes these inputs within the system, and 

transfers the outputs or results of these processes to outside 

itself. Whatever exists outside the system is described as 

environment of the system. 

System are have boundaries that separate systems from their 

environment. A system is influenced by its environment and in 

turn may be influenced by it, but a system does not have direct 

control over the process in the environment. 

Depending on its relationship with the environment, 

systems are divided in two broad categories - open 

systems and closed systems. An open system interacts with 

its environment while a closed system does not. In practical 

world there are no systems that are absolutely closed. 

Systems that have relatively limited interaction wit its 

environment are, therefore, considered closed systems while 

those with substantial interaction are considered open 

systems. 

For example, the R&D department of a company may 

have much less interaction wit people outside the department 

as compared to marketing department. Therefore, we may 

consider the R&D department organization as a closed 

system, and Marketing department organisation as an open 

system. 
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QQ::  --  iissoollaatteedd  ssyysstteemm..  

AAnnss::--A system is a collection of two or more objects. An 

isolated system is a system thatF is free 

from theinfluence of a net external force 

that alters the momentum of the system. 

There are two criteria for the presence of 

a net external force; it must be... 

 a force that originates from a source 

other than the two objects of the 

system 

 a force that is not balanced by other forces. 

A system in which the only forces that contribute to the 

momentum change of an individual object are the forces acting 

between the objects themselves can be considered an isolated 

system. 

Consider the collision of two balls on the billiards table. The 

collision occurs in an isolated system as long as friction is 

small enough that its influence upon the momentum of the 

billiard balls can be neglected. If so, then the only unbalanced 

forces acting upon the two balls are the contact forces that 

they apply to one another. These two forces are considered 

internal forces since they result from a source within the 

system - that source being the contact of the two balls. For 

such a collision, total system momentum is conserved. 

QQ::--  GGiibbbbss  FFrreeee  EEnneerrggyy..  

AAnnss::-- Gibbs Free Energy (G) - The energy associated with a 

chemical reaction that can be used to do work.  The free 

energy of a system is the sum of its enthalpy (H) plus the 
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product of the temperature (Kelvin) and the entropy (S) of the 

system: 

 
Free energy of reaction ( G) 

  The change in the enthalpy ( H) of the system minus the 

product of the temperature (Kelvin) and the change in the 

entropy ( S) of the system: 

 
Standard-state free energy of reaction ( G ) 

  The free energy of reaction at standard state conditions: 

 
Standard-state conditions 

  The partial pressures of any gases involved in the reaction 

is 0.1 MPa. 

  The concentrations of all aqueous solutions are 1 M. 

Tabulated standard-state thermodynamic data are generally 

for a temperature of 25 C (298 K) 

Standard-State Free Energy of Formation ( Gf ) 

  The change in free energy that occurs when a compound is 

formed from its elements in their most thermodynamically 

stable states at standard-state conditions.  In other words, it is 

the difference between the free energy of a substance and the 

free energies of its elements in their most thermodynamically 

stable states at standard-state conditions. 

o The standard-state free energy of reaction can be 

calculated from the standard-state free energies of 

formation as well.  It is the sum of the free energies of 
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formation of the products minus the sum of the free 

energies of formation of the reactants: 

 

Recall from the enthalpy notes that reactions can be 

classified according to the change in enthalpy (heat): 

o Endothermic - absorbs heat, H  > 0 

o Exothermic - releases heat, H  < 0 

Reactions can also be classified according to the change 

in the free energy of the reaction: 

o Endergonic - NON-SPONTANEOUS, G  > 0 

o Exergonic - SPONTANEOUS, G  < 0 

 

QQ::  --  EEnntthhaallppyy  aanndd  EEnnttrrooppyy  wwiitthh  ssppeecciiaall  rreeffeerreennccee  ttoo  

BBiioollooggiiccaall  ssyysstteemmss..  

AAnnss::--Enthalpy Definition:-Enthalpy is basically a 

thermodynamic quantity. It is net heat content of the body.  

Mathematically, the enthalpy of a system H is defined as 

H = U + pV 

Where,  

H is the enthalpy of the system 

U is the internal energy of the system 

p is the pressure at the boundary of the system and its 

surrounding 

V is the volume of the system. 

There is one irony that the enthalpy is not measurable directly 

rather the change in enthalpy is measured. Change in 

enthalpy is sometimes equal to the heat energy that is 
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absorbed or released by the system during a 

reaction. Enthalpy basically simplifies the calculations when 

the energy of the system is considered. 

Enthalpy Units 

The Enthalpy is given by  

H = energymass We know that the energy is expressed in 

joule and mass in kg. Hence the S. I. unit is joule per kilogram 

or J/kg. Other units are erg per gram, Btu per lbm, calorie per 

gram etc. 

The conversion table is as follows:  

1 calorie per gram = 4184 Joule per kg. 

1 Btu per lbm.= 2326 joules per kg. 

Enthalpy of Formation 

When a Compound is formed by its constituent elements then 

the reaction or process is accompanied by an enthalpy 

change. This change is called the enthalpy of formation. The 

conditions which can alter this enthalpy change or on which 

the change is dependent are: 

1. Pressure of the reaction 

2. Temperature of the reaction as well as surroundings 

3. The state in which the reactants are present 

4. The final state of products 

5. The states can be gas, liquid or solid  

We can also define the standard state of any substance as the 

form which remains the most stable at Standard room 

temperature which is 25∘ C and 1atm. 

For example, let us discuss the enthalpy change in the 
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reaction of formation of ethanol. 

The reaction is: 

-2 C or graphite + 3 hydrogen (gas) + 12 oxygen (gas) -> 

ethanol(liquid)Here, Δ Hf or enthalpy change is -277 K J. 

Enthalpy Change 

Consider any chemical reaction, we can see the change in 

enthalpies in the reactants and the end products. This 

difference in the enthalpies of the products and the reactants 

can be called as Enthalpy Change. 

In general we can define it as: 

If the System changes from one state to another during a  

process, the change in enthalpies of the constituents is  

called asEnthalpy Change. It is expressed in KJ / mole. If 

H1 and H2 denote Initial and final state of enthalpy 

respectively, then change in enthalpy is given by Δ H = H2 -H1.Where H1 = enthalpy of Initial state 

H2 = enthalpy of Final state. 

For example: The enthalpy of formation can also be called as 

one of the enthalpy change because it follows the same 

concept. 

Enthalpy of Vaporization 

Enthalpy of Vaporization is also called as Heat of Vaporization. 

It can be defined as the net energy which is required to 

convert a given specific mass of substance from liquid state 

into gaseous state is called enthalpy of vaporization. This is 

considered to be done at a particular pressure which is mostly 
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called as atmospheric pressure. The normal boiling point of 

the substance can be said to be the reference of 

measurement. It is expressed in Joule per mole or KJ/mole. 

For example: The energy changes when water is converted 

into steam. 

Enthalpy of Reaction 

In a chemical reaction, the heat energy that is absorbed or 

released during the formation of the products by the reaction, 

given the fact that the reaction takes place under constant 

pressure, is called enthalpy change. The energy change 

during a reaction is called the enthalpy of the reaction. 

Basically the enthalpy of reaction are of two types: 

1) Exothermic reaction:-If the energy is released during a 

reaction. Such a reaction is called as exothermic and the 

delta H is negative. 

2) Endothermic reaction:-If the energy could be consumed in 

a reaction. Such reactions are called endothermic and the 

delta H is positive here. 

The formula is as follows:  

Δ H = H2 -H1 

Where,  

H1 = enthalpy of Initial state before reaction  

H2 = enthalpy of Final state after the reaction 

or 

HReaction = ∑ HProducts – ∑ HReactants 

Where, 

HReaction = Enthalpy of reaction 

HProducts = Enthalpy of products 
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HReactants = Enthalpy of reactants 

If we are given the bonding energy or the energy required to 

make or break the bonds then the formula is given as: 

HReaction = ∑ BE Reactants – ∑ BE Products 

Where, 

HReaction = Enthalpy change due to the reaction in bonding. 

BE denotes Bonding energy. This is because when actually a 

bond is broken then energy is released. 

Bond Enthalpy 

The energy that is basically required to break a bond is called 

Bond enthalpy. It is expressed in KJ/mole. 

The precise value for it depends on the surrounding 

environment in which the bond is made. If we are given the 

bonding energy or the energy required to make or break the 

bonds then the formula is given as: 

HReaction = ∑ BEReactants – ∑ BEProducts 

This is because when actually a bond is formed then energy is 

released. 

For example : F – F bond has a bond length of 0.142 nm and 

the bond enthalpy is 158 kJ per mole. 

Enthalpy of Water 

Enthalpy can also be given as  

H = m h 

Here m = mass in kg 

h = Specific enthalpy. 

The specific enthalpy of water can be calculated as: 

Hf = Cw (tf – to) 
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Where, 

Cw = specific heat of water 

Tf = saturation temperature 

To = refer temperature (zero degree) 

The specific enthalpy of evaporation is given by : 

He = hg – hf 

Here,  

hg = specific enthalpy of saturated steam 

hf = Specific enthalpy at Zero degree. 

Enthalpy of Combustion 

The Heat energy associated with combustion is called 

enthalpy of combustion. The reaction is considered only in the 

presence of oxygen. When one mole of a substance burns 

completely in the presence of oxygen, then heat change is 

called enthalpy of combustion. Other gases like carbon dioxide 

etch are not considered. 

For example:                       

Graphite + oxygen -> carbon-di-oxide  

or 

C + oxygen -> Carbon-di-oxide 

Here enthalpy = -393 KJ per mole. 

Dimensions of Enthalpy 

The enthalpy is given by 

H = energymassThus, the dimension for enthalpy is given by J 

kg-1. 
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Calculate Enthalpy 

Enthalpy calculations are straight forward and do not require 

much of calculations. 

Enthalpy can be calculated by various means like: 

 Using the table of enthalpy. 

 Using the formula: H = m h 

 Using the equation:HReaction = ∑ H (products) – ∑ H (reactants). 

 Using the equation:HReaction = ∑ BEreactants – ∑ BEProducts. 

Enthalpy Table 

The following gives Enthalpy Values for various elements: 

Name  
Chemical 

Formula 

Enthalpy 

(Kcal/mol) 

Hydrogen H2 0.0 

Methane CH4 -17.9 

Ethane C2H6 -20.0 

Acetylene C2H2 +54.2 

n-propane C3H8 -25.0 

n-butane C4H10 -30.0 

n-pentane C5H12 -35.1 

n-Hexane C6H14 -40.0 

n-Heptane C7H16 -44.9 

n-Octane C8H18 -49.8 

n-Nonane C9H20 -54.8 

n-Decane C10H22 -59.6 

2-

Methylpropane(Isobutane) 
C4H10 -32.1 

2,2-Dimethylpropane C6H14 -40.1 
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2-

Methylbutane(Isopentane) 
C5H12 -36.9 

2,2-Dimethylbutane C6H14 -44.5 

2-

Methylpentane(Isohexane) 
C6H14 -41.8 

 

QQ::  --  EEnnttrrooppyy  wwiitthh  ssppeecciiaall  rreeffeerreennccee  ttoo  BBiioollooggiiccaall  ssyysstteemmss..  

AAnnss:: - Entropy Definition 

Rudolf Clausis coined this term. It is basically the 

thermodynamic property. If we want to calculate the total 

energy that cannot be used in some process like 

thermodynamic, then we can use the concept of Entropy. 

There can be much such energy such as energy of conversion 

devices. Entropy is maintained and defined using the second 

law of thermodynamics. The tendency of the system or a 

reaction to proceed in a particular known direction is called as 

entropy of the system. It is basically a term of disorder or 

randomness. 

If we have the thermodynamic specification of the system, 

then there are certain parameters required that are required to 

completely describe the physical state of the process, and the 

amount of this info is called entropy. It is a state function that is 

not conserved. 

Law of Entropy 

The criterion to the probability of various processes is given by 

the law of entropy or second law of thermodynamics. 
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Kelvin Planck statement: It is impossible for a heat engine to 

produce net work in a complete cycle if it exchanges heat only 

with bodies at a single fixed temperature. 

Clausius statement: According to him we cannot construct a 

device which, operating in a cycle, will produce no affect other 

than the transfer of heat from a cooler to a hotter body. This 

implies that heat energy cannot flow form one body to another 

because of the temperature change, some work definitely has 

to be done to achieve this. 

 

It basically identifies the direction of a process. For example, 

heat can only be transferred from a hot object to a cold object 

and it is not possible the other way around. The “Quality” of 

the energy can be determined using this law. For example, a 

high-temperature energy source has a higher quality since it is 

easier to extract energy from it to deliver useable 

work. Second law explains the process of irreversibility of the 

processes, i.e., the process can take place in one direction 

and not in the other. It is the entropy law which provides us 

with the criterion as to the probability of various processes. 

The entropy law implements that it is impossible for a heat 

engine to produce net work in a complete cycle if it exchanges 

heat only with bodies at a single fixed temperature. It is not 

possible for the process to be completed without the 

completion of the first and entropy law of thermodynamics. A 

heat pump is a device that aids in transferring heat from a low 

temperature body to the high temperature one. The law states 
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that it is impossible to built a heat pump without external work 

input.  

ΔS = ΔQT 

Here S = entropy, Q is heat energy, According to the second 

law delta ΔS≥0 

If the process is being held in a closed system, then for an 

irreversible process the entropy of the system increases and 

for a reversible process it remains constant, it never 

decreases. 

From our understanding of the Entropy law we know that 

the entropy or the disorder always increases. It does not 

permit order to rise from disorder. This contradicts the fact that 

the macro evolution of humans with complex cells must have 

occurred from the single celled ancestors. 

A disorder cannot produce order randomly. There must be 

some procedure which contains enough details and shows 

direction to such a process if it has to occur. Also, there must 

be some type of mechanism which converts the environmental 

energy into the energy used for producing higher organization 

of the involved system. 

On the other hand, thermodynamics does not state that 

intelligent designs are not possible; it is not a factor if the 

calculations of thermodynamic probability are considered. 

If we consider the earth as a system, a change which is 

accompanied by a decrease in entropy and hence going back 

from higher probability to lower probability is feasible as long 

as sufficient amount of energy is available. The sun is finally 

the ultimate source of most of that energy. 
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The mathematical calculations of entropy change 

accompanying physical and chemical changes are understood 

and hence are the basis of the mathematical determination of 

terms like free energy, emf characteristics of voltaic cells, 

equilibrium constants, refrigeration cycles, operating 

parameters of steam turbines, etc. The creationist theory 

would necessarily nullify the entire mathematical framework of 

thermodynamics and the basis for the engineering turbine 

designs, and the basic design of refrigeration units, industrial 

pumps, etc., would not be provided. 

Entropy Equation 

The various equations of entropy are: 

S = k log W 

Here,  

S is the entropy 

k is the Boltzmann constant 

W is number of the total microstate that are consistent with the 

given macro state. 

ΔS = ΔQT 

Here, 

S = entropy,  

Q is heat energy 

ΔS = Clnt2t1 

 

dU=TdS–PdV 
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Entropy Units: 

The S.I. unit of Entropy is Joules per Kelvin. These are 

basically the unit of energy divided by the units of 

Temperature.  

Maximum Entropy: 

In probability, it means a distribution whose probability is 

greater than all other distributions of the given class. It is a 

relative term. Systems tend to attain the maximum entropy by 

default. 

Change in Entropy 

A few points to be kept in mind in relation with change in 

Entropy are: 

The concept of entropy change is introduced by the Clausis 

Equation. The equation is  

ΔS or change in Entropy = ∑ qT 

The direction and magnitude of simple changes is quantified 

by change in Entropy. 

ΔSsurroundings+ΔSsystem=ΔSuniverse  

ΔG = ΔH–TΔS 

The entropy change for constant volume and specific heat is 

given by: 

ΔS = nCvlnTT0 

The entropy change for constant pressure and specific heat is 

given by: 

ΔS = nCplnTT0 

The entropy change for constant temperature and specific 

heat is given by: 

ΔS = nRlnVV0 
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Here 'R' is ideal gas constant, 'n' is number of moles of gas, 

Cv is the specific heat at constant volume and Cp is the 

specific heat at constant pressure. 

Entropy of Mixing 

The entropy of mixing is the increment in the net entropy of the 

system, i.e., compound in thermodynamics. The material 

components or chemically non-reacting chemical substances, 

that are not same (different), are basically mixed together by 

deleting the partition or partitions between the initially 

separated volumes of system. 

The materials, which are mixed, are individually at a 

common pressure and temperature. During its maintenance at 

a constant temperature and pressure, and chemical 

component masses, the whole compound system may change 

as related to its volume. It should be noted that the final or the 

net volume need not necessarily has to be the individual sum 

of the initial separate volumes. Due to this, that work can be 

done on or by the system during the process of mixing, as well 

as heat being transferred to or from the surroundings because 

of the maintenance of constant pressure and temperature. 

But it should be noted that when the mixing of ideal 

materials is considered the net volume is the sum of the initial 

individual separate compartment volumes. Heat transfer and 

work done is zero. Considering the mixing of materials that are 

not ideal, the net common volume can be totally different from 

the addition of the individual initial volumes. Heat transfer and 

work done is not zero. 
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The entropy of mixing is a macroscopic variable at 

molecular level. It provides all the required information about 

molecular properties. If we consider the ideal materials then 

the intermolecular forces are the same between every pair of 

molecular kinds. There is no difference between the particle 

and its molecular neighbors. Even though different species are 

chemically non-reacting, there may still be differences of 

intermolecular forces or specific molecular effects between 

them. The entropy of mixing provides information about 

differences of intermolecular forces or specific molecular 

effects in the materials. 

Relative Entropy 

It is a very useful concept in physics. The natural distance 

measure from a "true" probability distribution P to an arbitrary 

probability distribution Q is called relative entropy, i.e., the 

entropy considered relative to another is called relative 

entropy. 

The following points must be kept in mind while discussing 

Relative entropy: 

 Relative entropy is never negative. 

 Its value is zero or positive. 

Molar Entropy 

When one mole of any substance is considered then the 

entropy being calculated is called molar entropy. It is basically 

the entropy under standard conditions. It is represented by 

S°. The units are Joule per Kelvin per mole. If we consider the 

third law of thermodynamics then pure crystalline substance’s 

entropy can also be zero. 
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S°= ∑Nk=1∫ dqTdT 

Here dqT is the very small exchange of heat energy at the 

given temperature T. If a reaction is considered then  

S0reaction=S0product−S0reactant 

Positive Entropy 

The entropy of an organism or substance or reaction increases 

always to reach a final maximum value. This is positive 

entropy basically. Finally the entropy reaches the, maximum 

state called ‘death’. But there is negative entropy as well. This 

theory was proposed by Schrodinger. If the process is 

spontaneous then it might have zero or positive entropy. 

Standard Entropy Table 

It is the table which shows the entropies under standard 

pressure and temperature. It is 25 °C and 101.3 kPa.  

Compound  Sm
o /J K-1mol-1  

Solids  

C (diamond) 2.377  

C (graphite)  5.74  

Si  18.8 

Ge  31.1 

Sn (gray) 44.1 

Pb 64.8 

Li 29.1  

Na   51.2 

K   64.2  

Rb  69.5  

Cs 85.2  
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NaF   51.5  

MgO   26.9  

AlN   20.2 

NaCl   72.1 

KCl   82.6  

Mg   32.7  

Ag  42.6 

I2   116.1 

MgH2  31.1 

AgN3
  99.2 

Liquids  

Hg   76.0  

Br2  152.2 

H2O   69.9 

H2O2 109.6  

CH3OH 126.8  

C2H5OH 160.7  

C6H6 172.8  

BCl3  206.3  

Monatomic Gases   

He  126.0 

Ne 146.2  

Ar 154.8  

Kr 164.0 

Xe 169.6  

Diatomic Gases 
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H2  130.7 

D2 145.0  

HCl 186.9  

HBr 198.7  

HI 206.6  

N2 191.6  

O2 205.1  

F2 202.8  

Cl2 223.1  

Br2 245.5  

I2 260.7  

CO 197.7  

Triatomic Gases  

H2O 188.8  

NO2 240.1  

H2S 205.8  

CO2 213.7  

SO2 248.2  

N2O 219.9  

O3 238.9  

Polyatomic Gases( > 3) 

CH4 186.3  

C2H6   229.6  

C3H8 269.9  

C4H10 310.2  

C5H12 348.9  
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C2H4  219.6  

N2O4 304.3  

B2H6 232.0  

BF3 254.0  

NH3  192.5 

 

QQ::--EEnnttrrooppyy  vvss  EEnntthhaallppyy..  

AAnnss::--The differences between Entropy and Enthalpy can 

be summarized as follows: 

 The enthalpy of the substance is also given by H, and is 

stated by the following equation: H = U + PV,  

Here U is the internal energy.  

While entropy is basically a term for disorder or 

randomness. If we have the thermodynamic specification 

of the system, then there are certain parameters required 

to completely describe the physical state of the process, 

and the amount of this info is called entropy. 

 Enthalpy is basically defined as the net energy possessed 

by the system at any given point of time, while if we want 

to calculate the total energy that cannot be used in some 

process like thermodynamic then we can use the concept 

of Entropy. 

 S. I. unit of enthalpy is Joule per kilogram while the S.I. 

unit of Entropy is Joules per Kelvin. 

 The concept of enthalpy change is pretty straightforward. 

The difference in the enthalpies of the products and the 

reactants is called theEnthalpy Change for the 

Reaction. Similarly, the system transits from one state to 
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another during a process, the change in enthalpies of the 

constituents is called as the enthalpy change while the 

direction and magnitude of simple changes is quantified 

by change in Entropy. 

 Enthalpy basically simplifies the calculations when the 

energy of the system is considered. There is one irony 

that enthalpy is not measurable directly rather the change 

in enthalpy is important. Change in enthalpy is sometimes 

equal to the heat energy that is absorbed or released by 

the system during a reaction. 

QQ::--  SSttrruuccttuurree,,  CCllaassssiiffiiccaattiioonn,,  PPhhyyssiiccaallaanndd  CChheemmiiccaall  

PPrrooppeerrttiieess  ooff  AAmmiinnoo  AAcciiddss..  

AAnnss::-- All amino acids found in proteins have this basic 

structure, differing only in the structure of the R-group or the 

side chain.. 

The simplest, and smallest, amino acid found in proteins is 

glycine for which the R-group is a hydrogen (H). 

 
 

Basic Structure 

L-isomer 

In proteins, only the L-isomer is found normally. 
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As you travel onward (from the carbonyl carbon to the amino 

group), the R group of L-amino acids will be on the left as 

shown in the molecular graphic on the right 

Classifications 

Experts classify amino acids based on lots of different 

features. One of them is whether or not people can acquire 

them through the diet. According to this factor, scientists 

recognize 3 types: the nonessential, essential, and 

conditionally essential amino acids. However, the 

classification as essential or nonessential doesn't actually 

reflect their importance, as all twenty of them are necessary 

for human health. Those 8 called essential (or 

indispensable) can't be produced by the body and therefore 

should be supplied by food: Leucine, Isoleucine, Lysine, 

Threonine, Methionine, Phenylalanine, Valine, and 

Tryptophan. One more amino acid, Histidine, can be 

considered semi-essential, as the human body doesn't 

always need dietary sources of it. Meanwhile, conditionally 

essential amino acids aren't usually required in the human 

diet, but are able to become essential under some 

circumstances. Finally, nonessential ones are produced by 

the human body either out of the essential ones or from 

normal proteins breakdown. These include Asparagine, 

Alanine, Arginine, Aspartic acid, Cysteine, Glutamic acid, 

Glutamine, Praline, Glycine, Tyrosine, and Serine. 

One more classification depends on the side chain structure, 

and experts recognize 5 types in this classification:  

1. containing sulfur (Cysteine and Methionine)  
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2. neutral (Asparagine, Serine, Threonine, and Glutamine) 

3. acidic (Glutamic acid and Aspartic acid) and basic 

(Arginine and Lysine) 

4. alphatic (these include Leucine, Isoleucine, Glycine, 

Valine, and Alanine) 

5. aromatic (these include Phenylalanine, Tryptophan, and 

Tyrosine) 

Finally, there's another classification based on structure of 

the side chain that divides the list of twenty into 4 groups, 

two of which are main groups and two are subgroups: non-

polar, polar, acidic and polar, basic and polar. For example, 

side chains having pure hydrocarbon alkyl or aromatic 

groups are considered non-polar, and their list includes 

Phenylalanine, Glycine, Valine, Leucine, Alanine, Isoleucine, 

Proline, Methionine, and Tryptophan. Meanwhile, if the side 

chain contains different polar groups like amides, acids, and 

alcohols, they are classified as polar. Their list includes 

Tyrosine, Serine, Asparagine, Threonine, Glutamine, and 

Cysteine. Further classification goes for acidic-polar 

(includes Aspartic Acid and Glutamic Acid), if the side chain 

has a carboxylic acid, and basic-polar (includes Lysine, 

Arginine, and Histidine), if the side chain contains an amino 

group. 
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Branched-Chain Amino Acids 

 

 

Properties of Amino Acids: 

Colour less, crystalline, tufts of slender needles (Tyrosine) to 

hexagonal plates (cystine). Taste varies from sugar sweet 

(glycine, alanine) through tasteless (Tyrosine) to bitter 

(arginine). 

All amino acids except glycine contain at least one asymmetric 

carbon atom ornithine needles (tyrosine) to hexagon plates 

(cysteine) 

1) Solubility 

2) Amphoteric Nature 

3) Esterification 

4) Ninhydrin Reaction 

5) Reaction of alpha amino acid with HCL 

6) Reaction of carboxylic group with NaOH 

7) Zwitter ion 

8) Electrical Property 

Amino group of one amino acid combine with carboxyl group 

of second amino acid linkage called peptide.  Explain the term 

dipeptide, Tri peptide, Tetra peptide and polypeptide. 

QQ::--  PPeeppttiiddee  bboonndd..  PPrriimmaarryy  ssttrruuccttuurree,,  SSeeccoonnddaarryy  ssttrruuccttuurree  
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AAnnss::--Proteins are the largest and most varied class of 

biological molecules, and they show the greatest variety of 

structures.  Many have intricate three-dimensional folding 

patterns that result in a compact form, but others do not fold 

up at all (“natively unstructured proteins”) and exist in 

random conformations. The function of proteins depends on 

their structure, and defining the structure of individual 

proteins is a large part of modern Biochemistry and 

Molecular Biology. 

Peptide Bonds 

To make a protein, amino acids are connected together by a 

type of amide bond called a “peptide bond”.  This bond is 

formed between the alpha amino group of one amino acid and 

the carboxyl group of another in a condensation reaction. 

When two amino acids join, the result is called a dipeptide, 

three gives a tripeptide, etc. Multiple amino acids result in a 

polypeptide (often shortened to “peptide”). Because water is 

lost in the course of creating the peptide bond, individual 

amino acids are referred to as “amino acid residues” once they 

are incorporated.  Another property of peptides is polarity: the 

two ends are different. One end has a free amino group (called 

the “N-terminal”) and the other has a free carboxyl group (“C-

terminal”). 
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In the natural course of making a protein, polypeptides are 

elongated by the addition of amino acids to the C-terminal end 

of the growing chain. Conventionally, peptides are written N-

terminal first; therefore gly-ser is not the same as ser-gly or 

GS is not the same as SG. The connection gives rise to a 

repeating pattern of “NCC-NCC-NCC…” atoms along the 

length of the molecule. This is referred to as the “backbone” of 

the peptide. If stretched out, the side chains of the individual 

residues project outwards from this backbone. 

The peptide bond is written as a single bond, but it actually 

has some characteristics of a double bond because of the 

resonance between the C-O and C-N bonds: 

This means that the six atoms involved are coplanar, and 

that there is not free rotation around the C–N axis. This 

constrains the flexibility of the chain and prevents some folding 

patterns. 

Primary Structure of Proteins 

It is convenient to discuss protein structure in terms of four 

levels (primary to quaternary) of increasing complexity. 

Primary structure is simply the sequence of residues making 
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up the protein. Thus primary structure involves only the 

covalent bonds linking residues together. 

 
 

The minimum size of a protein is defined as about 50 residues; 

smaller chains are referred to simply as peptides. So the 

primary structure of a small protein would consist of a 

sequence of 50 or so residues. Even such small proteins 

contain hundreds of atoms and have molecular weights of over 

5000 Daltons (Da). There is no theoretical maximum size, but 

the largest protein so far discovered has about 30,000 

residues. Since the average molecular weight of a residue is 

about 110 Da, that single chain has a molecular weight of over 

3 million Daltons. 

Secondary Structure 

This level of structure describes the local folding pattern of the 

polypeptide backbone and is stabilized by hydrogen bonds 

between N-H and C=O groups. Various types of secondary 

structure have been discovered, but by far the most common 

are the orderly repeating forms known as the a helix and the b 

sheet. 
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An a helix, as the name implies, is a helical arrangement of a 

single polypeptide chain, like a coiled spring. In this 

conformation, the carbonyl and N-H groups are oriented 

parallel to the axis. Each carbonyl is linked by a hydrogen 

bond to the N-H of a residue located 4 residues further on in 

the sequence within the same chain. All C=O and N-H groups 

are involved in hydrogen bonds, making a fairly rigid cylinder. 

The alpha helix has precise dimensions: 3.6 residues per turn, 

0.54 nm per turn. The side chains project outward and contact 

any solvent, producing a structure something like a bottle 

brush or a round hair brush. An example of a protein with 

many a helical structures is the keratin that makes up human 

hair. 
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The structure of a b sheet is very different from the 

structure of an a helix. In a b sheet, the polypeptide chain folds 

back on itself so that polypeptide strands like side by side, and 

are held together by hydrogen bonds, forming a very rigid 

structure. Again, the polypeptide N-H and C=O groups form 

hydrogen bonds to stabilize the structure, but unlike the a 

helix, these bonds are formed between neighbouring 

polypeptide (b) strands. Generally the primary structure folds 

back on itself in either a parallel or antiparallel arrangement, 

producing a parallel or antiparallel b sheet. In this 

arrangement, side chains project alternately upward and 

downward from the sheet. The major constituent of silk (silk 

fibroin) consists mainly of layers of b sheet stacked on top of 

each another. 

Tertiary Structure of Proteins 

Tertiary structure refers to the complete three-dimensional 

structure of the polypeptide units of a given protein. Included 

in this description is the spatial relationship of different 

secondary structures to one another within a polypeptide 

chain and how these secondary structures themselves fold 

into the three-dimensional form of the protein. Secondary 

structures of proteins often constitute distinct domains. 

Therefore, tertiary structure also describes the relationship of 

different domains to one another within a protein. The 

interactions of different domains is governed by several 

forces: These include hydrogen bonding, hydrophobic 

interactions, electrostatic interactions and van der Waals 

forces. 

http://www.kashmirstudentnews.com/
http://www.kashmirstudentnews.com/


Download  All Guess Papers & Prevous Papers 
Www.KashmirStudentNews.Com                      

 

MUDASIR XEROX CENTRE WARAPORA SOPORE 7006044696,9797044696 
Www.KashmirStudentNews.Com                               

 

 

 

 

 
QQ::--  RRaammaacchhaannddrraann  PPlloottss..  

AAnnss::--The Ramachandran Plot:-In a polypeptide the main 

chain N-Calpha and Calpha-C bonds relatively are free to 

rotate. These rotations are represented by the torsion angles 

phi and psi, respectively. 

G N Ramachandran used computer models of small 

polypeptides to systematically vary phi and psi with the 

objective of finding stable conformations. For each 

conformation, the structure was examined for close contacts 

between atoms. Atoms were treated as hard spheres with 

dimensions corresponding to their van der Waals radii. 

Therefore, phi and psi angles which cause spheres to collide 

correspond to sterically disallowed conformations of the 

polypeptide backbone. 
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In the diagram above the white areas correspond to 

conformations where atoms in the polypeptide come closer 

than the sum of their van der Waals radi. These regions are 

sterically disallowed for all amino acids except glycine which is 

unique in that it lacks a side chain. The red regions correspond 

to conformations where there are no steric clashes, ie these 

are the allowed regions namely the alpha-helical and beta-

sheet conformations. The yellow areas show the allowed 

regions if slightly shorter van der Waals radi are used in the 

calculation, ie the atoms are allowed to come a little closer 

together. This brings out an additional region which 

corresponds to the left-handed alpha-helix. 

L-amino acids cannot form extended regions of left-

handed helix but occassionally individual residues adopt this 

conformation. These residues are usually glycine but can also 

be asparagine or aspartate where the side chain forms a 

hydrogen bond with the main chain and therefore stabilises 

this otherwise unfavourable conformation. The 3(10) helix 
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occurs close to the upper right of the alpha-helical region and 

is on the edge of allowed region indicating lower stability. 

Disallowed regions generally involve steric hindrance 

between the side chain C-beta methylene group and main 

chain atoms. Glycine has no side chain and therefore can 

adopt phi and psi angles in all four quadrants of the 

Ramachandran plot. Hence it frequently occurs in turn regions 

of proteins where any other residue would be sterically 

hindered. 

QQ::--  FFoorrcceess  ssttaabbiilliizziinngg  PPrrootteeiinnss    SSttrruuccttuurree..  

AAnnss::--Forces that stabilize Protein Structure:-Protein 

structures are governed primarily by hydrophobic effects and 

by interactions between polar residues and other types of 

bonds. The hydrophobic effect is the major determination of 

original protein structure. The aggregation of nonpolar side 

chains in the interior of a protein is favored by the increase 

in Entropy of the water molecules that would otherwise form 

cages around the hydrophobic groups. Hydrophobic side 

chains give a good indication as to which portions of a 

polypeptide chain are inside, out of contact with the aqueous 

solvent. Hydrogen bonding is a central feature in protein 

structure but only make minor contributions to protein stability. 

Hydrogen bonds fine tune the tertiary structure by selecting 

the unique structure of a protein from among a relatively small 

number of hydrophobically stabilized conformations. Disulfide 

bonding can form within and between polypeptide chains as 

proteins fold to its native conformation. Metal ions may also 

function to internally cross link proteins. 
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QQ::--  DDeeffiinniittiioonn  aanndd  PPrrooppeerrttiieess  ooff  CCaarrbboohhyyddrraatteess..  

AAnnss::--Definition of Carbohydrates: 

Carbohydrates are defined as polyhydroxy aldehydes or 

polyhydroxy ketones and the substances which yield these 

derivatives on hydrolysis. 

Functions of Carbohydrates: 

i) Supply energy 

ii) Stored energy for future use 

iii) Structural constituents 

iv) Proteins sparing action 

v) Necessary for oxidation of protein and fat 

vi) Necessary for synthesis of nonessential amino acids 

vii) Conserve water and electrolyte  

viii) Beneficial effect on micro flora. 

Classification, Structure and Properties of Carbohydrates 

Classification of Carbohydrates: 

Carbohydrates are classified in to three major classes on the 

basis of complexity and behavior on hydrolysis 

1) Mono saccharides 

2) Oligosaccharides 

3) Polysaccharides 

1) Mono saccharides:-Simple sugars are cannot be 

hydrolyzed into smaller units. Depending upon no. of carbon in 

a unit, mono saccharides are subdivided into a dioses to 

decoses. More common subclasses of mono saccharides are: 

UUNNIITT--IIII  
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Aldoses: 

Aldotrioses e.g. Glycerose, 

Aldotertroses e.g. Erythrose, 

Aldopentoses e.g. Ribose, 

Aldohexoscs e.g. Glucose,  Galatose  

Aldoheptose e.g. Glucoheptose. 

Ketoses: 

Ketotrioses e.g Dihydroxyacetone, 

Ketotetroses e.g Erythrulose, 

Ketopentoses e.g Ribulose, 

Ketohexoses e.g. Fructose, 

Ketoheptose e.g. Scdoheptulose. 

Properties of Mono saccharides: 

1) Muta-rotation 

2) Glycoside Formation 

3) Reducing Power 

4) Reduction 

5) Oxidation with mild and strong oxidizing agent 

6) Methylation / Esterification 

7) Dehydration 

8) Form osazone with phenyl hydrazine. 

2. Oligosaccharide: Oligosaccharides are polymers of mono 

saccharides containing two to ten residues accumulate in 

vacuole while polysaccharides in plastids, they are classified 

as 

a) Disaccharides: Yield two mono saccharides on hydrolysis. 
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i) Reducing Disaccharides: e.g. Maltose (Glucose + 

Glucose), Lactose (Galactose + Glucose), other examples are 

Isomaltose, cellobiose. 

ii) Non Reducing Disaccharides: Sucrose (Glucose + 

Fructose) 

b) Tri saccharides: e.g. Raffinose      (Glucose + Fructose + 

Galactose) found in cotton seed and sugar beet. 

c) Tetra saccharides: Yield 4 mono saccharides on 

hydrolysis e.g. stachyose (Glucose + Fructose + Galactose + 

Galactose) (only tetra saccharide known to exist in plant). 

3. Polysaccharides: Polysaccharides are polymeric 

anhydrides of mono saccharides. The long chain polymers are 

either straight chain or branched. They are also called 

glycanes. 

Classification of Polysaccharides: 

1) On the Basis of Function: 

a) Storage e.g. Starch, glycogen            

b) Structural e.g. Cellulose, Pectin 

2) On the Basis of Composition: 

a) Homo polysaccharides 

b) Hetero polysaccharides. 

a) Homo Polysaccharides:-On hydrolysis gives single 

monosaccharide units 

i) Pentosan: Contains pentoses (C5 H8 04).  

ii) Hexosans: Contains hexoses (C6 H10 05) subdivided in to  

 A) Glucosans: Polymer or glucose e.g. Starch, Glycogen  

B) Fructosans: Polymer or fructose e.g. Inulin  

C) Galactans: Polymer of galactose e.g. Galactan  
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 D) Mannans: Polymer of mannose e.g. Mananas. 

b) Hetero Polysaccharide:  e.g. Hyaluronic acid, Chondroitin 

sulphates. 

A) Gum: Consist of arabinose, rhamnose, galactose and 

glucoronic acid.  

B) Agar: The sulphuric acid esters of galactans consists of 

galactose, galactouronic acid.  

C) Pectins: Fundamental unit is pectic acid, consist of 

arabinosc, galactose, galactouronic acid. 

Functions of Polysaccharides: 

1) They serve as structural components of the cells  

2) They serve as stored form of energy  

3) They serve as nutrient. 

Structure and Properties of Starch: Consist of two 

components, Amyloses and Amylopectin. Amylose is a long 

chain polysaccharides containing α - D glucose molecules 

linked by 1- 4 glycosidic linkages, produce blue colour with 

iodine. Amylopectin is a branched chain polysaccharides 

consisting α –D glucose molecules linked by 1- 4 glycosidic 

linkage and branches by 1-6, linkage produce purplish colour 

with iodine and forms a gel with hot water. 

Cellulose: It is structural polysaccharide found in cell walls of 

plants, made up of long chains of a-D-Glucose molecules 

linked by 1-4 linkages, no branching, yield on hydrolysis 

crystalline D-glucose. 

Pectin: Present in apple, lemon, form gel with sugar sole, 

contains galactouronic acid, galactose and arabinose. 
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QQ::  --  DDii  aanndd  ppoollyyssaacccchhaarriiddeess  ((GGlluuccoossee,,  MMaannnnoossee,,  FFrruuccttoossee,,  

GGaallaaccttoossee,,  LLaaccttoossee,,  SSuuccrroossee,,  GGllyyccooggeenn,,  SSttaarrcchh  aanndd  

CCeelllluulloossee))..  

AAnnss::  --Carbohydrates 

a. A list of vocabulary words is found toward the end of this 

document 

b. In addition to water, the living portion of organisms is mostly 

made up of carbon based compounds. 

These compounds may be described as falling into four 

relatively distinct categories: lipids, proteins, nucleic acids, 

and carbohydrates. These molecules play key roles in energy 

and information storage, as enzymes, and as structural 

components of cells and extracellular portions of 

organisms. Carbohydrates, particularly, serve structural roles 

but, more importantly, are key molecules of metabolism and 

energy storage. 

2. Carbohydrate 

a. C(H2O): An organic compounds having large numbers of -OH 

groups (specifically, one -OH for every C and H). 

b. Also know as sugars, starches, etc. 

c. Carbohydrates are used as fuel and fuel storage by cells. 

d. There are also carbohydrates that play a structural role in 

organisms (e.g., the cellulose that plays a key role in the 

structural support of trees, and most likely your home as well. 

e. Carbohydrates can serve as sources of both carbon and 

energy. 

3. Sugar 

a. Any monosaccharide or disaccharide. 
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4. Monosaccharide [simple sugars] 

a. Single monomer (unit): 

i. carbohydrates consisting of a single monomers (e.g., glucose). 

ii. Monosaccharides typically have three, five, six, or more 

carbon atoms. 

b. Different types of monosaccharides often have the same 

chemical formula and thus are isomeric. This includes many 

that are stereoisomeric, i.e., isomers that are apparent when 

viewed in 3-dimensions but not apparent when a molecule's 

structure is collapsed to a 2-dimensional representation. 

c. The following are 2-dimensional, linear representations of 

three monosaccharides, glucose, galactose, and fructose: 

d. glucose: 

H   H   HOH  H   H 

|   |   |   |   |   | 

H - C - C - C - C - C - C = O 

|   |   |   |   | 

OH  OHOH  H   OH 

e. galactose: 

H   H   OH  OH  H   H 

|   |   |   |   |   | 

H - C - C - C - C - C - C = O 

|   |   |   |   | 

OH  OHH   H   OH 

f. fructose: 

H   H   H   OH 

|   |   |   | 
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H - C - C - C - C - C = O 

|   |   |   |   | 

OH  OH  OH  H H-C-OH 

| 

H 

g. Commonly monosaccharides such as glucose (and many 

others including ribose and deoxyribose) may be found in 

either a linear or ringed conformation. Ringed conformations 

are the more common.  

h. Among carbohydrates, monosaccharides and, 

especially, glucose tend to be much more available for use 

(e.g., for energy) than 

either disaccharides or polysaccharides. This is 

because carbohydrates ultimately are avalable as nutrients 

only once they have been broken down, by specific enzymes, 

into a monomeric form. 

5. Illustration, glucose (both anomeric forms) 

 

1. Glucose 

a. Glucose is the most important monosaccharide to all 

organisms because of the central role it plays in metabolism. 
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b. Converted to glucose before use: 

i. Glucose is the usual form in which carbohydrates are 

assimilated into metabolism. 

ii. "Glucose plays a unique role in the chemistry of life. It is in a 

very real sense the crossroads of the chemical pathways in 

the bodies of plants and animals (and bacteria). Other six-

carbonmonosaccharides, among 

them fructose and galactose, are constantly being converted 

into glucose or synthesized from glucose. The more 

complex carbohydrates such 

as disaccharides andpolysaccharides are composed 

of monosaccharides (usually glucose) bonded together in 

sequence. And even such classes of compounds 

as fats and proteins can be converted 

into glucose orsynthesized from glucose in the living body." 

(p. 48, Keeton, 1980) 

iii. A large fraction of bacteria can use glucose as an energy 

source. 

c. See glucose model lecture for an in depth discussion of the 

structure of glucose. 

1. Disaccharide 

a. Two monosaccharides synthesized into a very 

short polymer (i.e., two building blocks long) via 

a condensation reaction. 

b. Alternatively, dissacharides may be formed upon 

the hydrolysis of longer polymer (e.g., maltose). 

c. See illustration of maltose below. 

2. Lactose (milk sugar) 
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a. A disaccharide consisting of one glucose monomer and 

one galactose monomer. 

b. To utilize lactose an organism must possess a 

specific enzyme (lactase) 

which catalyzes the hydrolysis of lactose into glucose and gal

actose. To fully utilize lactose a organism must also have a 

second enzymewhich subsequently 

converts galactose into glucose. 

c. Among adult humans, the ability to digest lactose is actually 

relatively rare (confined particularly to whites of Northern 

European ancestry) and lactose intolerance occurs due to an 

absence of production of the 

human lactase digestive enzyme which catalyzes the hydrolys

is of lactose into its constituent monomers. 

3. Maltose 

a. A disaccharide composed of two glucose monomers. 

See illustration below. 

4. Illustration, maltose 

 

5. Sucrose (table sugar) 

a. A disaccharide composed of a glucose monomer and 

a fructose monomer. 
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b. Sucrose "is probably the single most abundant pure 

organic chemical in the world and the one most 

widely known to nonchemists (p. 885, McMurry, 

1984)." 

6. Polysaccharide 

a. A monosaccharide polymer consisting of eight or 

more monomers. 

b. Examples of polysaccharides 

are starch and glycogen. 

c. Utilization of polysaccharides as carbon sources or 

energy sources requires that they be hydrolyzed into 

their constituent monosaccharides. 

d. Cannot directly enter cells: 

i. If the polysaccharide is found outside the cell, 

then it must be hydrolyzed prior to entrance into 

the cell and certainly prior to entrance into a 

cell's cytoplasm. 

ii. Often this hydrolysis (by fungi, for example) is 

effected by the use of exoenzymes. 

7. Amylose 

a. A linear glucose polymer. See illustration below. Note 

how amylose is essentially poly-maltose and contrast 

its structure with that of cellulose (further below). 

8. Illustration, amylase 
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9. Starch 

a. Starches are glucose-

containing polysaccharides which consists, 

essentially, of amylose with branches. These 

branches come off of glucose carbon number six and 

are themselves highly similar to amylose. 

b. The chief food (i.e., carbohydrate) storage molecule 

of plants). Though confusing, "starch," as used in this 

section, is a substance which is considered to be a 

type of starch, one which is called, simply, "starch." 

c. A starch which contains more branches than 

the starch found in plants. Glycogen is 

a carbohydrate storage molecule which is employed 

by animals). 

10. Cellulose 

a. Cellulose is the chief component of plant cell walls 

and, consequently, the single most common, by 

mass, organic molecule on Earth. 

b. As with amylose, celluloseis a 

linear polymer of glucose. 
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c. However, cellulose differs from amylose in how 

the glucose monomers are bound together. 

See illustration below. 

d. That difference is sufficient to render cellulose very 

insoluble in water and inaccessible to anti-

amylose enzymes. This property along with both its 

inherent strength and flexibility makes cellulose-

based products especially structurally 

desirable. Cellulose -based products include such 

familiar things as wood and paper. 

11. Illustration, cellulose 

 

12. Other polymers of 

glucose [chitin, glucan, mannan] 

a. In addition to cellulose and starches, many additional 

structurally distinct polysaccharides exist, including: 

b. Chitin: A nitrogenous derivative of cellulose that is 

found in abundance in the exoskeletons of insects 

and crustaceans, as well as the cell walls of many 

fungi. 
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c. Glucan: An additional, structurally 

distinct polysaccharide consisting 

of glucose subunits. 

d. Mannan: Various polymers of mannose (an additional 

kind monosaccharide). 

QQ::  --  IIssoommeerriissmm  ooff  CCaarrbboohhyyddrraatteess..  

AAnnss::  -- Isomers are compounds having same molecular 

formulae but different molecular structures. Monosaccharides 

show isomerism. 

The presence of an asymmetric carbon atom (a carbon atom 

to which £our different groups or atoms are attached) make 

possible the formation of isomers of a compound. The isomers 

are of two types: structural isomers and sterioisomers. 

Structural isomers have same molecular formula but different 

structures due to difference in chain length (chain isomers), 

position of substituent groups (positional isomers) or different 

functional groups. Glucose and fructose are structural 

(functional) isomers as both have same molecular formula 

(C6H1206) but have different functional groups, aldehyde and 

ketone respectively. 

Sterioisomers have same molecular formula; same 

structures but differ only in spatial configuration. Optical 

isomers are one type of stereoisomer where the isomers 

appear as mirror image of each other around the asymmetric 

carbon atom. 

In glyceraldehydes the carbon atom number two is 

asymmetric. In D-glyceraldehydes the OH-group is to the right 

side and H-group is to the left. In L-glyceraldehydes the OH-
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group is to the left of the asymmetric carbon atom and H-group 

to the right. But there are sugars with two or more asymmetric 

carbon atoms. 

In that case the orientation of - II and -Oil group around 

the lowermost asymmetric carbon atom (the penultimate 

carbon atom) is considered for determination of D and L forms. 

These D- and L-forms are called enantiomers. 

The majority of monosaccharides found in human body are D-

type. Some sugars do occur naturally as L-forms such as L-

arabinose. The possible number of optical isomers formed by 

a monosaccharide depends upon the number of asymmetric or 

chiral carbon atoms. Glucose has 4 asymmetric carbon atoms 

hence can have 24 or 16 number of optical isomers. 

But in all these enantiomers the D and L forms are designated 

depending upon the orientation of -H and - OH group around 

5th carbon atom. So it will have 4x2 = 8 enantiomers. 

In ring forms the carbon atom number 1 is called 

anomeric carbon atoms. The orientation of -H and -OH groups 

around carbon atom 1 will give rise to two isomers known as 

anomers. In one form the -OH group is below and this is the a-

form (alpha) and in other form the -OH group is above and is 

called the b (beta) - form. 

Many monosaccharides can rotate plane polarized light to 

right (D, dextrorotatory, +) or left side (L, levorotatory, -). Some 

monosaccharides are known as derived monosaccharides as 

they are derivatives of monosaccharides. 

Deoxyribose sugar found in deoxyribonucleic acid is an 

aldopentose with one oxygen atom less than ribose. Amino 
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sugars are monosaccharides having amino group (-NH2). 

Glucosamine is an amino sugar which forms chitin found in 

fungal cell wall. 

There are sugar acids like glucuronic acid and 

galacturonic acid which occur in mucopolysaccharides. Sugar 

alcohols like glycerol are involved in fat or lipid formation. 

Mannitol is another sugar alcohol found as storage 

carbohydrates in some fruits and brown algae. 

Monosaccharides are also reducing sugars as they posses' 

free aldehyde or keto groups. 

QQ::  --  MMuuttaarroottaattiioonn..  

AAnnss::  -- Mutarotation is the change in the optical rotation that 

occurs by epimerization (that is the change in the equilibrium 

between two epimers, when the corresponding 

stereocenters interconvert). Cyclic sugars show mutarotation 

as α and β anomeric forms interconvert. The optical rotation of 

the solution depends on the optical rotation of each anomer 

and their ratio in the solution. 

Measurement 

The α and β anomers are diastereomers of each other and 

usually have different specific rotations. A solution or liquid 

sample of a pure α anomer will rotate plane polarized light by a 

different amount and/or in the opposite direction than the pure 

β anomer of that compound. The optical rotation of the solution 

depends on the optical rotation of each anomer and their ratio 

in the solution. 

For example if a solution of β-D-glucopyranose is 

dissolved in water, its specific optical rotation will be +18.7. 
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Over time, some of the β-D-glucopyranose will undergo 

mutarotation to become α-D-glucopyranose, which has an 

optical rotation of +112.2. Thus the rotation of the solution will 

increase from +18.7 to an equilibrium value of +52.5 as some 

of the β form is converted to the α form. The equilibrium 

mixture is actually about 64% of β-D-glucopyranose and about 

36% of α-D-glucopyranose, though there are also with traces 

of the other forms including furanoses and open chained form.  

 

The observed optical rotation of the sample is the weighted 

sum of the optical rotation of each anomer weighted by the 

amount of that anomer present. Therefore one can use 

a polarimeter to measure the rotation of a sample and then 

calculate the ratio of the two anomers present from 

the enantiomeric excess, as long as one knows the rotation 

of each pure anomer. One can monitor the mutarotation 

process over time or determine the equilibrium mixture by 

observing the optical rotation and how it changes. 

Q: - Glycoproteins. 

Ans:-

Glycoproteins are proteins thatcontain oligosaccharide chains 

(glycans) covalently attached to polypeptide side-chains. The 

carbohydrate is attached to the protein in 

a cotranslational or posttranslational modification. This 

process is known as glycosylation.Secreted extracellular 

proteins are often glycosylated. In proteins that have segments 
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extending extracellularly, the extracellular segments are also 

glycosylated. Glycoproteins are often important integral 

membrane proteins, where they play a role in cell–cell 

interactions. Glycoproteins are also formed in the cytosol, but 

their functions and the pathways producing these 

modifications in this compartment are less well understood. 

There are two types of glycosylation: 

 In N-glycosylation, the addition of sugar chains can happen 

at the amide nitrogen on the side-chain of the asparagine. 

 In O-glycosylation, the addition of sugar chains can happen 

on the hydroxyl oxygen on the side-chain 

of hydroxylysine, hydroxyproline, serine, or threonine. 

Examples 

One example of glycoproteins found in the body is mucins, 

which are secreted in the mucus of the respiratory and 

digestive tracts. The sugars attached to mucins give them 

considerable water-holding capacity and also make them 

resistant to proteolysis by digestive enzymes. 

Glycoproteins are important for white blood cell recognition, 

especially in mammals. Examples of glycoproteins in 

the immune system are: 

 Molecules such as antibodies (immunoglobulins), which 

interact directly with antigens. 

 Molecules of the major histocompatibility complex (or MHC), 

which are expressed on the surface of cells and interact 

with T cells as part of the adaptive immune response. 

Other examples of glycoproteins include: 

http://www.kashmirstudentnews.com/
http://www.kashmirstudentnews.com/
http://en.wikipedia.org/wiki/Integral_membrane_proteins
http://en.wikipedia.org/wiki/Integral_membrane_proteins
http://en.wikipedia.org/wiki/Cytosol
http://en.wikipedia.org/wiki/N-linked_glycosylation
http://en.wikipedia.org/wiki/Amide
http://en.wikipedia.org/wiki/Asparagine
http://en.wikipedia.org/wiki/O-linked_glycosylation
http://en.wikipedia.org/wiki/Hydroxyl
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Hydroxylysine
http://en.wikipedia.org/wiki/Hydroxyproline
http://en.wikipedia.org/wiki/Serine
http://en.wikipedia.org/wiki/Threonine
http://en.wikipedia.org/wiki/Mucin
http://en.wikipedia.org/wiki/Proteolysis
http://en.wikipedia.org/wiki/White_blood_cell
http://en.wikipedia.org/wiki/Mammal
http://en.wikipedia.org/wiki/Immune_system
http://en.wikipedia.org/wiki/Antibody
http://en.wikipedia.org/wiki/Antigen
http://en.wikipedia.org/wiki/Major_histocompatibility_complex
http://en.wikipedia.org/wiki/T_cell


Download  All Guess Papers & Prevous Papers 
Www.KashmirStudentNews.Com                      

 

MUDASIR XEROX CENTRE WARAPORA SOPORE 7006044696,9797044696 
Www.KashmirStudentNews.Com                               

 Glycoprotein IIb/IIIa, an integrin found on platelets that is 

required for normal platelet aggregation and adherence to 

the endothelium. 

 Components of the zona pellucida, which surrounds 

the oocyte, and is important for sperm-egg interaction. 

 Structural glycoproteins, which occur in connective tissue. 

These help bind together the fibers, cells, and ground 

substance of connective tissue. They may also help 

components of the tissue bind to inorganic substances, such 

as calcium in bone. 

 Glycoprotein-41 (gp41) and glycoprotein-120 (gp120) are 

HIV viral coat proteins. 

Soluble glycoproteins often show a high viscosity, for example, 

in egg white and blood plasma. 

 Miraculin, which alters human tongue receptors to recognize 

sour foods as sweet. 

Variable surface glycoproteins allow the sleeping 

sickness Trypanosoma parasite to escape the immune 

response of the host. 

Q: - Peptidoglycan. 

Ans:- Peptidoglycan, also known as murein, is 

a polymer consisting of sugars and amino acids that forms a 

mesh-like layer outside the plasma membrane of bacteria (but 

notArchaea), forming the cell wall. The sugar component 

consists of alternating residues of β-(1,4) linked N-

acetylglucosamine and N-acetylmuramic acid. Attached to the 

N-acetylmuramic acid is a peptide chain of three to five amino 

acids. The peptide chain can be cross-linked to the peptide 
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chain of another strand forming the 3D mesh-like layer. 

Some Archaea have a similar layer 

of pseudopeptidoglycan orpseudomurein, where the sugar 

residues are β-(1,3) linked N-acetylglycosamine andN-

acetyltalosaminuronic acid. That is why the cell wall of 

Archaea is insensitive tolysozyme. Peptidoglycan serves a 

structural role in the bacterial cell wall, giving structural 

strength, as well as counteracting the osmotic pressure of 

the cytoplasm. A common misconception is that peptidoglycan 

gives the cell its shape; however, whereas peptidoglycan 

helps maintain the structure of the cell, it is actually 

theMreB protein that facilitates cell shape. Peptidoglycan is 

also involved in binary fission during bacterial cell reproduction 

The peptidoglycan layer is substantially thicker in Gram-

positive bacteria (20 to 80 nanometers) than in Gram-

negative bacteria (7 to 8 nanometers), with the attachment of 

the S-layer. Peptidoglycan forms around 90% of the dry 

weight of Gram-positive bacteria but only 10% of Gram-

negative strains. In Gram-positive strains, it is important in 

attachment roles and stereotyping purposes. For both Gram-

positive and Gram-negative bacteria, particles of 

approximately 2 nm can pass through the peptidoglycan 

QQ::  --  LLiippooppoollyyssaacccchhaarriiddeess..  

AAnnss::-- Lipopolysaccharides (LPS), also known as lipoglycans, 

are large molecules consisting of a lipid and 

a polysaccharide joined by acovalent bond; they are found in 

the outer membrane of Gram-negative bacteria, act 

as endotoxins and elicit strong immune responsesin animals. 
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Functions 

LPS is the major component of the outer membrane of Gram-

negative bacteria, contributing greatly to the structural integrity 

of the bacteria, and protecting the membrane from certain 

kinds of chemical attack. LPS also increases the negative 

charge of the cell membrane and helps stabilize the overall 

membrane structure. It is of crucial importance to gram-

negative bacteria, whose death results if it is mutated or 

removed. LPS is an endotoxin, and induces a strong response 

from normal animal immune systems. It has also been 

implicated in non-pathogenic aspects of bacterial ecology, 

including surface adhesion, bacteriophage sensitivity, and 

interactions with predators such as amoebae. 

LPS is required for the proper conformation 

of Omptin activity; however, smooth LPS will sterically hinder 

omptins. 

LPS acts as the prototypical endotoxin because it binds 

the CD14/TLR4/MD2 receptor complex, which promotes the 

secretion of pro-inflammatory cytokines in many cell types, but 

especially in macrophages and B cells. In Immunology, the 

term "LPS challenge" refers to the process of exposing a 

subject to an LPS that may act as a toxin. 

LPS is also an exogenous pyrogen (external fever-inducing 

substance). 

Being of crucial importance to gram-negative bacteria, these 

molecules make candidate targets for 

new antimicrobial agents. 
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Some researchers doubt reports of generalized toxic effects 

attributed to all lipopolysaccharides, in particular, 

for cyanobacteria.  

QQ::--LLiippiiddss  --  DDeeffiinniittiioonn,,  CCllaassssiiffiiccaattiioonn  aanndd  PPrrooppeerrttiieess..  

AAnnss::--The term lipid was first used by the German biochemist 

Bloor in 1943 

Definition of Lipid:-Chemically lipids are defined as esters of 

glycerol and fatty acids or as the triglycerides of fatty acids, 

General formula of lipid = Glycerol + Fatty acid = Triglycerides 

H2-C-OH                                    H2-C-OOC.C15H31 

       I                                                          I 

  H-C-OH + 3C15H31COOH                   H-C-OOC.C15H31 + 

3H20 

       I                                                   I 

H2-C-OH                                    H2-C-OOC.C15H31 

Glycerol         Palmitic Acid     Tripalmitine     

                                                                                                    

        

                                                                                                    

        Water 

(1 Mole)           (3 Moles)    (1 Mole)                           (3 Moles) 

Classification of Lipid: 

A) On the basic of Reaction with NaOH / KOH: 

i) Saponifiable 

ii) Non saponifiable 

B) On the basis to Products of Hydrolysis: 
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1) Simple Lipids:  

On hydrolysis gives fatty acids and alcohol (trihydric or 

monohydric) 

Oils: Unsaturated fatty acid + glycerol. 

Fats: Saturated fatty acids + glycerol, 

Waxes: Fatty acids + mono or dihydric alcohol. 

Simple glyceride: Contains same fatty acids. . 

Mixed glyceride: Contains different fatty acids. 

2) Compound lipids: (Complex lipids):-On hydrolysis gives 

phosphoric acid, various sugars, sphingosine, ethanolamine 

and serine in addition to fatty acids and glycerol. 

a) Phospholipid:  Fatty acids + glycerol + phosphoric acid + 

nitrogenous base. 

e.g. Lecithin :Fatty acids + glycerol + phosphoric acid + choline 

Cephalin: Fatty acids + glycerol + phosphoric acid + 

ethanolamine. 

b) Glycolipids: Glycerol + fatty acid + Carbohydrates (on 

hydrolysis) 

They are sub classified as galactosyl diglyceride, cerebrosides 

and sulpholipids. 

c) Sphingophosphoiplds: Fatty acids + sphingosine + 

phosphoric acid + choline. 

3) Derived Lipids: Hydrolytic products of simple and 

compound lipids 

i) Alcohols: Glycerol and other sterol 

ii) Fatty acids 

iii) Terpenoids 

Chemical Properties of Lipids: 
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i) Hydrolysis 

ii) Hydrogenation 

iii) Halogenation 

iv) Saponification 

 v) Oxidation 

vi) Rancidity (oxidative and hydrolytic) 

Q: - Fatty Acids - Definition, Classification, Functions, 

Essential Fatty Acids 

Ans:-Definition of Fatty Acids:-Fatty acids may be defined as 

organic acid that occur in a natural triglyceride and is a 

monocarboxylic acid ranging from C4 to C28 atoms in straight 

chains and will usually have either a saturated hydrocarbon 

chain or may contain from one to six double bonds. 

Classification of Fatty Acids: 

1) Saturated Fatty Acid: Contain no double bond, chain is 

saturated. 

 e.g. Butyric acid (4), Caproic acid (6) Caprylic acid (8) Capric 

acid (10), Laurie acid (12), Myristic acid (14), Palmitic acid, 

(16) Stearic acid (18), Arachidic acid (20) Behenic acid (22) 

Lignoceric acid (24), Cerotic acid (26) Montanic acid (28) 

[Figures in the bracket is number of carbons]. 

2) Unsaturated Fatty Acid: Contain one or more double bond 

in chain and degree of unsaturation depends on the no of 

double bond present in it. 

Sub classified on the basis of degree of unsaturation. 

a) Monoethenoid Acids: Contain one double bond e.g. oleic 

acid, palmitoleic acid  

b) Diethenoid Acids: Contain two double bond e.g. Linoleic 
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acid.  

c) Triethenoid Acid: Contain three double bond e.g. Linolenic 

acid Eleostearic acid  

d) Tetraethenoid Acids: Contain four double bond e.g. 

Arachidonic acid. 

3) Branched Chain Fatty Acids: Contain hydroxyl group in 

chain of fatty acid 

4) Cyclic Fatty Acid:  Posses ring structure e.g. chaulmoogric 

acid and hydnocarpic acid 

Functions of Fatty Acids: 

1) Source of energy in stored forms  

2) Solubilize vitamins like A, D, E, and K.  

3) Building units of majority of lipids  

4) Constituent of phospholipids 

Essential Fatty Acids: 

Fatty acids which cannot be synthesized by the cell of the 

body must be obtained from other source. Essential fatty acids 

are linoleic, linolenic and arachidonic acid. 

QQ::--  TTrriiggllyycceerriiddeess  aanndd  CChhoolleesstteerrooll..  

AAnnss::-- Triglycerides and cholesterol are both lipids (fats). They 

both circulate in the bloodstream and are escorted through the 

blood vessels by lipoproteins. High levels of either can cause 

heart and circulatory problems. The differences between the 

two are how they perform inside the body. 

Uses 

According to the Mayo Clinic, the major difference between 

triglycerides and cholesterol is that triglycerides are burned to 

create energy while cholesterol is used to build cells and 
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certain hormones. Cholesterol are builders inside the body. 

Triglycerides are broken down by the body. Both triglycerides 

and cholesterol are manufactured in the body; however, the 

body produces as much cholesterol as it needs on its own. 

The body relies on food consumption to create triglycerides. 

Triglyceride Structure 

Triglycerides get their name from their structure. The liver 

builds triglycerides from the raw elements glucose and fatty 

acids. The liver builds individual glucose into a chain and the 

chain is called glycerol. Then, 3 fatty acids attach to the 

glycerol base. 

Fatty Acid Metabolism 

Triglycerides can be stored in the liver or sent to the rest of the 

body to be stored intramuscularly. When the body needs 

energy, it breaks apart the fatty acids from the glycerol base. 

The fatty acids and glucose then enter the mitochondria inside 

the muscles to produce energy. Excess free fatty acids enter 

the bloodstream and return to the liver where they are 

reattached to glycerol, creating another triglyceride before 

being stored. 

FFAARRAASSHH  PPRRIINNTT  PPOOIINNTT--99990066771133996633 

Cholesterol Builds 

Cholesterol helps build sex hormones. In females, these 

hormones are estrogen and progesterone and in males, 

testosterone. Cholesterol also helps produce the stress 

hormone cortisol in both men and women. Cholesterol builds 

the fat-soluble vitamin D when the skin is exposed to sunlight. 
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It also supports the production of bile, which is a substance 

used to help digest fats and absorb vitamins A, D, K and E. 

Misconceptions 

According to Johns Hopkins Medicine, triglyceride levels may 

be just as important as cholesterol levels when determining 

overall health. It is a fact that high cholesterol levels lead to 

coronary heart disease. The role of triglycerides when 

discussing heart disease is disputed. Scientists agree, 

however, that high triglyceride levels are at least a warning 

sign for coronary heart disease. This is because individuals 

with high triglyceride levels have health characteristics such as 

obesity, high blood pressure and diabetes which lead to 

coronary heart disease. 

QQ::--  SSttrruuccttuurree  &&  ffuunnccttiioonn  ooff  PPhhoosspphhoolliippiiddss..  

AAnnss::-- Phospholipids are an important class of biomolecules. 

Phospholipids are the fundamental building blocks of cellular 

membranes and are the major part of surfactant, the film that 

occupies the air/liquid interfaces in the lung. These molecules 

consist of a polar or charged head group and a pair 

of nonpolar fatty acid tails, connected via a glycerol linkage. 

This combination of polar and nonpolar segments is termed 

amphiphilic, and the word describes the tendency of these 

molecules to assemble at interfaces between polar and 

nonpolar phases. 

The structure of the most common class of phospholipids, 

phosphoglycerides, is based on glycerol, a three-carbon 

alcohol with the formula CH 2 OH–CHOH–CH 2 OH. Two fatty 

acid chains, each typically having an even number of carbon 
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atoms between 14 and 20, attach (via a dual esterification ) 

to the first and second carbons of the glycerol molecule, 

denoted as the sn1 and sn2 positions, respectively. The third 

hydroxyl group of glycerol, at position sn3, reacts with 

phosphoric acid to form phosphatidate. Common 

phospholipids, widely distributed in nature, are produced by 

further reaction of the phosphate group in phosphatidate with 

an alcohol, such as serine, ethanolamine, choline, glyercol, or 

inositol. The resulting lipids may be charged, for example,  

phosphatidyl serine (PS), phosphatidyl inositol (PI), and 

phosphatidyl glyercol (PG); or dipolar (having separate 

positively and negatively charged regions), for example, 

phosphatidyl choline (PC), and phosphatidyl 

ethanolamine(PE). The term "lecithin" refers to PC-type lipids. 

A typical phospholipid arrangement is the presence of a 

saturated fatty acid, such as palmitic or stearic acid, at the sn1 

position, and an unsaturated or polyunsaturated fatty acid, 

such as oleic or arachodonic acid, at sn2 (see Figure 1 for the 

structure of a phosphoglyceride). 

Another class of phospholipids is the sphingolipids. A 

sphingolipid molecule has the phosphatidyl-based headgroup 

structure described above, but (in contrast to a common 

phospholipid molecule) contains a single fatty acid 
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and a long-chain alcohol as its hydrophobic components. 

Additionally, the backbone of the  sphingolipidis sphingosine, 

an amino alcohol (rather than glyercol). The structure of a 

representative sphingolipid, sphingomyelin, is also shown in 

Figure 1. Sphingolipids, occurring primarily in nervous tissue, 

are thought to form cholesterol-rich domains within lipid bilayer 

membranes that may be important to the functions of some 

membrane proteins. 

Phospholipids have many functions in biological systems: as 

fuels, as membrane structural elements, as signaling agents, 

and as surfactants. For example, pulmonary surfactant is a 

mixture of lipids (primarily dipalmitoyl  phosphatidyl cholinre 

[DPPC]) and proteins that controls the surface tension of the 

fluid lining of the inner lung (the site of gas exchange), 

allowing rapid expansion and compression of this lining during 
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the breathing cycle. Phospholipids are the major lipid 

constituent in cell membranes, thus maintaining structural 

integrity between the cell and its environment and providing 

boundaries between compartments within the cell. 

QQ::  --  SSpphhiinnggoolliippiiddss..  

AAnnss::  -- Sphingosine has three parts, a three carbon chain with 

two alcohols and amine attached and a long hydrocarbon 

chain. In sphingomyelin, the base sphingosine has several 

other groups attached as shown in the graphic on the left. A 

fatty acid is attached to the amine through amide bond. 

Phosphate is attached through a phosphate ester bond, and 

again through a phosphate ester bond to choline. The human 

brain and spinal cord is made up of gray and white regions. 

The white region is made of nerve axons wrapped in a white 

lipid coating, the myelin sheath, which provides insulation to 

allow rapid conduction of electrical signals. Multiple sclerosis 

caused by a gradual degradation of the myelin sheath. 
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Sphingomyleins are located throughout the body in nerve cell 

membranes. They make up about 25 % of the lipids in the 

myelin sheath that surrounds and insulates cells of the central 

nervous system. Niemann-Pick disease is caused by a 

deficiency of an enzyme that breaks down excessive 

sphingomyelin, which then builds up on the liver, spleen, brain, 

and bone marrow. An effected child usually dies within several 

years. 
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Glycolipids and Cerebrosides 

Glycolipids are complex lipids that contain carbohydrates. 

Cerebrosides are an example which contain the sphingosine 

backbone attached to a fatty acid and a carbohydrate. The 

carbohydrates are most often glucose or galactose. Those that 

contain several carbohydrates are called gangliosides. The 

example on the left is shown with glucose. Glucocerebroside 

has the specific function to be in the cell membranes of 

macrophages, (cells that protect the body by destroying 

foreign microorganisms. Galactocerebroside is found almost 

exclusively in the membranes of brain cells. 

There are several genetic diseases resulting from the 

absence of specific enzymes which breakdown the glycolipids. 

Tay-Sachs, which mainly effects Jewish children, results in a 

build up of gangliosides and result in death in several years. 

Gaucher's disease results in the excessive build up of 

glucocerebroside resulting in severe anemia and enlarged liver 

and spleen. 

 
QQ::--  CCeerrbbrroossiiddeess..  

AAnnss::-- Cerebrosides is the common name for a group 

of glycosphingolipidscalled monoglycosylceramides which 
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are important components in animal muscle and nerve cell 

membranes. 

They consist of a ceramide with a single sugar residue at the 

1-hydroxyl moiety. The sugar residue can be 

either glucose or galactose; the two major types are therefore 

called glucocerebrosides andgalactocerebrosides. 

Galactocerebrosides are typically found in neural tissue, while 

glucocerebrosides are found in other tissues. 

 

Structure 

The fundamental structure of a cerebroside is ceramide. 

Monoglycosyl and oligoglycosylceramides having a mono 

or polysaccharide bonded glycosidically to the terminal OH 

group of ceramide are defined as cerebrosides. Sphingosine is 

the main long-chain base present in ceramide. 

Galactosylceramide is the principal glycosphingolipid in brain 

tissue. Galactosylceramides are present in all nervous tissues, 

and can compose up to 2% dry weight of grey matter and 12% 

of white matter. They are major constituents 

of oligodendrocytes. Glucosylceramide is found at low levels in 

animal cells such as the spleen, erythrocytes, and nervous 

tissues, especially neurons. Glucosylceramide is a major 
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constituent of skin lipids, where it is essential for lamellar body 

formation in the stratum corneum and to maintain the water 

permeability barrier of the skin. Glucosylceramide is the only 

glycosphingolipid common to plants, fungi and animals. It is 

usually considered to be the principal glycosphingolipid in 

plants. It is a major component of the outer layer of the plasma 

membrane. Galactosylceramides have not been found in 

plants. 

Physical properties 

The melting point of cerebrosides is considerably greater than 

physiological body temperature, >37.0 °C, giving glycolipids a 

paracrystalline, similar to liquid crystal structure. Cerebroside 

molecules are able form up to eight intermolecular hydrogen 

bonds between the polar hydrogens of the sugar and the 

hydroxy and amide groups of the sphingosine base of the 

ceramide. These hydrogen bonds within the cerebrosides 

result in the molecules having a high transition temperature 

and compact alignment. Monoglycosylceramides in 

conjunction with cholesterol are prevalent in the lipid-raft micro 

domain, which are important sites in the binding of proteins, 

and enzyme-receptor interactions. 

  

  

Vitamins  

QQ::--  SSttrruuccttuurree  aanndd  ffuunnccttiioonn  ooff  wwaatteerr  ssoolluubbllee  ((BB11,,  22,,  66,,  1122,,  

CC))..  

AAnnss::--Definition of Vitamins:-Vitamins are defined as organic 

compounds required in minute amounts for catalytic and 

UUNNIITT--IIIIII  
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regulatory functions in cell metabolism in absence of which 

certain deficiency diseases occur. 

Classification of Vitamins: 

1) Fat soluble Vitamin A, D, E, K  

2) Water Soluble Vitamin B complex and Vitamin C 

Water-soluble vitamins consist of the B-group vitamins and 

vitamin C. Their deficiency is treated by administration of the 

deficient vitamin. 

B Group Vitamins Features 

 A common feature of group B vitamins is their occurrence 

in yeast (except vitamin B12). However, if the yeast is 

included in the diet only as a means of rising bread, then 

yeast is not considered the major source of group B 

vitamins in humans; a small quantity of yeast does not 

contain nutritionally significant amount of B vitamins. 

 Their metabolic effects are inter-linked. 

 Deficiency of only a single vitamin occurs rarely. 

 They are produced by the intestinal micro flora but the 

amount produced is generally only a fraction of the daily 

recommended intake. 

 Some are more frequently called by their name, others by 

number. Some vitamins may not have a number because it 

has been found that some substances, originally considered 

as vitamins, are NOT essential for humans, therefore they 

are not vitamins or are a mixture of substances. 
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Vitamin B1 (thiamine) 

Thiamine ( vitamin B1 ) is a coenzyme decarboxylase 

important for the metabolism of glucose and energy supply to 

nerve and muscle cells. 

Source 

Meat, fish, cereals, yeast, legumes. 

Daily recommended intake for adults: 1-1.4 mg  

Deficiency 

The disease beri-beri 

from a lack of dietary vitamin B1 is found today in very poor 

population groups (e.g. refugees) in countries where people 

live mostly on polished/white rice. It may also develop in 

people who live mostly on refined wheat flour products and 

among alcoholics and food faddists. 

A typical image consists of nervous disorders, especially 

peripheral nerves (dry beri beri), edema and heart disease 

(beri beri wet). Impaired absorption of vitamin B1 occurs in 

alcoholics and is manifested by Wernicke encephalopathy. 

Suboptimal thiamine status based on biochemical criteria in 

Europe was detected only in 4-6% of the population. Risk 

group are alcoholics. 

Laboratory evaluation: thiamine excretion in the urine. In the 

absence of erythrocytes is reduced transketolase 

concentration in the blood and the sea is high concentrations 

of glycoxalate. 
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Excess 

Signs of excess are not encountered. 

Vitamin B2 (riboflavin) 

Riboflavin or vitamin B2 is part of coenzymes flavinadenine 

mononucleotide (FAD) and flavin mononucleotide (FMN), 

plays a key role in oxidative metabolism. 

Source 

A small amount is found in many foods. Main sources are 

meat, milk and milk products; good sources are also fish, offal 

(inner organs), eggs, and whole grain cereals. Milling of 

cereals removes most of vitamin B2 - some countries (e.g. 

USA) fortify cereal products with riboflavin. 

Recommended daily intake for adults: 1.2 to 1.5 mg  

Deficiency 

According to several population studies, the deficiency is 

widespread in developing countries, where diet is poor in 

animal foods, vegetables and fruits, and where cereals are 

milled (white flour). Frequently the deficiency is secondary due 

to malabsorption, enterocolitis, coeliac disease , chronic 

hepatitis; in children often after the use of broad-spectrum 

antibiotics. It may develop in cancer, cardiac disease, diabetes 

Clinical picture: The description of the signs of riboflavin 

deficiency is somewhat inconsistent in various scientific 

publications. Riboflavin deficiency occurs almost always 

together with deficiencies of other group B vitamins, which 

may cause some of the signs decribed in literature[4]. The 

signs most frequently described are: angular stomatitis, 
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peeling lips (cheilosis), glossitis, and normocytic 

normochromic anemia. 

Laboratory evaluation: decreases secretion of vitamin B2 in 

urine (normal values are 106–638 nmol/l) , decreased 

concentrations of glutathione and glutathione reductase in 

erythrocytes. 

Excess 

Signs of excess are not known. 

Vitamin B6 (Pyridoxine) 

Pyridoxine the name vitamin B6 comprises a group of 

compounds (pyridoxine, pyridoxamine, pyridoxal and 

phosphate). Itcoenzyme for more than 50 enzymatic reactions 

- decarboxylase and transaminases, synthesis of acid nicotine 

and arachidonic acid , affects the function of the nervous 

system, immune reactions and synthesis of haemoglobin. 

Source 

It is abundant in food. The daily recommended dose for adults: 

13-17 mg 

Deficit 

Deficiency with normal eating habits does not occur; 

manifested skin and mucosal changes that occur rhagades 

corners, peripheral neuropathy . 

Surplus 

Excess of food does not occur. After a prolonged intake of 50-

500 mg have been reported sensory neuropathy. 
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Vitamin B12 (cobalamin) 

Vitamin B12(cobalamin) is the collective name for several 

compounds that are in the center of porphyrin skeletal cobalt . 

Vitamin B12 has a number of biological functions - plays an 

important role in hematopoiesis, is essential for the 

development of the central nervous system in children, 

contributes to the formation of nucleic acids , transmetylation 

marches and has anabolic effect. Deficiency of vitamin B12 in 

adults causes macrocytic anemia , impaired rear and lateral 

spinal cords, peripheral nerves and dementia or depression . 

Lack of vitamin B12 also affects secondary folate cycle 

resulting in impaired synthesis of purines and pyrimidines 

necessary for the formation of DNA and RNA. 

Source 

In nutritionally significant quantities occurs only in animal 

foods. Rich sources are liver, kidney, meat warm-blooded 

animals (1-2 ìg/100 g), fish, egg yolk and dairy products (milk 

ìg/100, 0.3 ml cheese ìg/100 0.2 to 0.6g). Plant foods contain 

trace amounts of vitamin B12 only if it has been processed by 

bacterial fermentation (e.g beer). Absorbed in the small 

intestine only if the stomach creates a complex with an internal 

factor .Therefore it is necessary to properly functioning 

stomach and large amounts of vitamin B12 are formed by the 

intestinal flora in humans unusable. Cobalamine with an 

internal factor in the distal ileum bind to specific receptor 

cubilin and this complex then enters by endocytosis into 

enterocytes. Inside the enterocyte cobalamin binds to other 

carriers and excreted into the plasma. 75-80% is bound to 

http://www.kashmirstudentnews.com/
http://www.kashmirstudentnews.com/


Download  All Guess Papers & Prevous Papers 
Www.KashmirStudentNews.Com                      

 

MUDASIR XEROX CENTRE WARAPORA SOPORE 7006044696,9797044696 
Www.KashmirStudentNews.Com                               

haptocorrin and goes to hepatocytes. The cells of other organs 

enter only vitamin B12 bound to transcobalamin II (the 

holotranskobalamin) after binding to specific receptors through 

endocytosis. The cell cobalamin is converted to active 

metabolites and adenosylcobalamine methylcobalamin, which 

serve as cofactors of enzymes. The daily recommended dose 

for adults : 3 mg. Minimal in infants: approximately 0.1 to 0.3 

mg. 

Function 

Haemopoiesis; development of the central nervous system in 

childhood; cofactor of two metabolic reactions: conversion of 

homocysteine to methionine by methionine synthase (failure of 

this reaction leads to the accumulation of homocysteine); 

conversion metylmalonyl-CoA to succinyl-CoA action 

metylmalonyl-CoA mutase (failure of this reaction leads to an 

accumulation of methylmalonic acid and its increased urinary 

excretion). 

Deficit 

Its deficiency is clinically manifested failure to thrive, 

macrocytic anemia and neurological symptoms. An adult is a 

stock (2-5 mg) of vitamin B12 in the liver, which cover the need 

for a period of 5-10 years. Stocks, which creates the infant in 

utero (approximately 25 micrograms), will be exhausted as 

early as 3-5 months. Among laboratory manifestations include 

mostly macrocytic anemia, elevated aminotransferases, 

hyperhomocysteinemia and increased acid secretion 

metylmalonic acid plasma concentrations of homocysteine and 

methylmalonic acid excretion increased in the urine. Metabolic 
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changes precede clinical manifestations. Pernicious anemia is 

an autoimmune disease that leads to atrophy of the gastric 

mucosa and by the lack of intrinsic factor. 

Surplus 

Signs of excess were reported even after a high intake (5 mg) 

of the supplement. 

Vitamin C 

L-ascorbic acid , also known as vitamin C is water soluble 

strongly reducing effects. Man (as well as other primates and 

guinea pigs) cannot synthesize it, since it lacks L-

gulonolactonexidase activity, therefore it must receive in food. 

L-ascorbate is involved in the hydroxylation of collagen , the 

synthesis of carnitine , the metabolism of tyrosine , acts as an 

antioxidant, supports immune system, iron absorption, has an 

effect on beta-oxidation of fatty acids , increases the activity of 

microsomal enzymes, accelerates the detoxification of 

xenobiotics. Reducing the effects of ascorbic acid are due to 

its easy oxidation to dehydroascorbate: 

Source 

Fruits, vegetables (including potatoes), liver. Average losses in 

cook foods are 30%. The daily recommended dose for adults : 

100 mg . When the determination is considered, in addition to 

prevention of deficiency symptoms, as well as strengthening 

the immune system and prevention of degenerative diseases. 

Increased need for considerable physical exertion, 

psychological stress, alcohol abuse and drugs, some diseases 

(eg diabetes, renal insufficiency, infection). Intake of 150 mg / 

day is recommended for smokers. 
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Deficit 

Ascorbic acid deficiency - scurvy (scurvy) - now appears only 

in extreme conditions. With a slight lack of preclinical 

manifestations we see in our country (fatigue, prolonged 

convalescence, impaired wound healing and decreased 

resistance to infection). 

 Laboratory evaluation of the situation: the level of vitamin C 

in plasma. Clinical symptoms appear with values ≤ 10 

µmol/L, an indicator of low intake of vitamin C are 

considered to values below 37 µmol/L. In terms of 

prevention of atherosclerosis and the tumors are regarded 

as desirable values ≥ 50 µmol / L. 

Surplus 

Signs of excess food are not. Approximately 1% of the unused 

vitamin C is converted to oxalate, the risk of urinary calculi, but 

low in healthy subjects. The care the daily intake should not 

exceed 1000 mg. Very high doses (5 g) can cause diarrhea .At 

high ascorbate intake (about grams per day), most of the 

substance excreted in the urine. It can then interfere with 

many clinical biochemistry determination by routine chemical 

urinalysis. 

QQ::--  lliippiidd  ssoolluubbllee  ((AA,,DD,,  EE,,  KK))..  

AAnnss::-- Fat soluble vitamins are just that: they’re capable of 

being dissolved in fat unlike other vitamins which are water 

soluble.   In short, to reap the benefits of these vitamins you 

need to eat fat.   And plenty of it.   The higher quality the fat, 
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the more likely it is to contain fat soluble vitamins like 

vitamin A, vitamin D, vitamin E and vitamin K. 

Vitamin A 

Vitamin A is a fat soluble vitamin that can be classified into 

retinols or carotenoids.   These substances are metabolized by 

the body to form usable vitamin A. 

Retinols–the vitamin A found in animal-source foods–require 

very little work by the body in order to convert it to true vitamin 

A.   Retinols are sometimes referred to as pre-formed vitamin 

A   or true vitamin A due to the fact that they require such little 

effort on the part of the body in order for it to be usable. 

Carotenoids which include the very prevalent beta 

carotene are poorly converted by the body.   For example, 

some studies indicate that the body requires as much as 

twenty-one times the amount of carotenoids to create the 

same amount of vitamin A is one part retinol.   To add insult to 

injury many people, especially those suffering from thyroid 

disorders and small children, are even poorer converters.   A 

2001 study found that the conversion rate of carotenoids to 

true vitamin A is so poor as to render it nutritionally 

insignificant. 

Vitamin A: Its Role in Health 

Vitamin A, like other fat soluble vitamins, is critical to health.   

It is essential to growing children and to mothers and fathers 

who are trying to conceive.   It promotes a healthy immune 

system, fertility, good vision and healthy skin.   Vitamin A also 

plays a role in the health of the heart.     Low maternal intake 

of vitamin A has been linked birth defects including cleft 
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palate (see more about maternal intake of vitamin A and cleft 

palate). 

Vitamin A: Whole & Traditional Food Sources 

While beta-carotene is a great antioxidant and plays a very 

important role in overall health, if you’re shooting for vitamin 

A make sure to get it from reliable sources like animal 

foods which are rich in retinol–that form of vitamin A that 

is most easily absorbed by the body. 

Retinol in Micrograms per 100-gram serving. 

 Calf Liver (21140 mcg per 100-gram serving) 

 Goose Liver PÃ¢tÃ© (1001 mcg per 100-gram serving) 

 Fresh Butter (671 mcg per 100-gram serving) 

 Fresh Tuna (655 mcg per 100-gram serving) 

 Fresh Cream (405 mcg per 100-gram serving) 

Vitamin D 

Vitamin D is a   group of fat-soluble vitamins.   They are 

considered prohormones, or the precursors to hormones, and 

are essential to endocrine health.   There are several forms of 

vitamin D, but the most common are ergocalciferol (vitamin 

D2) and cholecalciferol (vitamin D3) which are known together 

as   calciferol. 

Vitamin D2 is not a truly natural form of the vitamin D.   

Vitamin D2 does not occur in any detectable quantities in 

humans; instead, it’s produced in minute quantities in plants.   

Supplementary vitamin D2 is manufactured by subjecting 

fungus to ultraviolet radiation.   As this process is considered 

“natural,” supplementary vitamin D2 may be misleadingly 

labeled as “natural” even though that is not truly the case. 
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 Recent research indicates that vitamin D2 is linked to calcium 

malabsorption. 

Vitamin D: Its Role in Health 

Vitamin D is critical to bone health and immune system 

function.     Vitamin D deficiency is actually fairly common, 

and is linked to high blood pressure, cancer, periodontal 

disease, osteoporosis and autoimmune disease. 

Vitamin D: Whole & Traditional Food Sources 

Raw, oily, ocean-going fish represent one of the best food 

sources of vitamin D.   Many nutritionists also recommend 

pasteurized milk as a source for vitamin D; however, the 

vitamin D added to pasteurized milk is vitamin D2 and is best 

avoided. 

IUs of Vitamin D   per 100-gram serving. 

 Sunlight. 

 Mackerel Sashimi (360 IU) 

 Raw Oysters (320 IU) 

 Sardines (272 IU) 

 Raw Pastured Egg Yolk (107 IU) 

Vitamin E 

Vitamin E refers to several nutrients called tocopherols.   

These are fat soluble vitamins.   Of these tocopherols, alpha-

tocopherol offers the highest bioavailability.   While alpha-

tocopherol seems to be the most active, beta-tocopherol, 

gamma-tocopherol and delta-tocopherol each play their 

complementary role.   As with other fat soluble vitamins, 

avoid synthetic supplements. 
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Vitamin E: Its Role in Health 

Vitamin E is a powerful antioxidant.   This fat soluble vitamin is 

essential for cell health.   It’s remarkably effective in mitigating 

cardiovascular disease with protective effects for the entire 

circulatory system.   Vitamin E also promotes healthy, clear 

skin.   Due to its status as an antioxidant, it could prove helpful 

in the fight against cancer.   Beyond that, it’s critical for eye 

health and may mitigate the effects of cataracts. 

Vitamin E: Whole & Traditional Food Sources 

Nuts and seeds represent some of the most concentrated 

sources of vitamin E traditionally available, although vitamin E 

can be found in whole grains and some animal foods. 

Mgs of Alpha-tocopherol per 100-gram serving. 

 RawAlmonds (26 mg) 

 Palm Kernel Oil (19 mg) 

 Flaxseed Oil (17 mg) 

 Raw Hazelnuts (17 mg) 

 Wild Salmon Roe (7 mg) 

Vitamin K 

Vitamin K is a group of vitamins, notably vitamin K1 and 

vitamin K2.   Vitamin K, like vitamins A, D and E, are fat 

soluble vitamins.   Vitamin K1 and vitamin K2 are naturally 

occuring vitamins; however, there’s a subset of vitamin K 

which include vitamin K3, K4, K5 all of which are synthetic 

vitamins. 

Vitamin K2 is produced be beneficial bacteria that are 

naturally occurring in the intestinal tract of healthy people. 

  Those with severely damaged guts, or who have been 
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subjected to the consistent use of broad-spectrum antibiotics 

may lack these vital bacteria and therefore may suffer from 

poor vitamin K2 production. 

Vitamin K: Its Role in Health 

Vitamin K is essential for proper blood clotting.   Vitamin K also 

supports bone health, even reducing post-menopausal bone 

loss among women.   Interestingly, vitamin K may even prove 

effective in the fight against degenerative cognitive diseases 

like Alzheimer’s Disease.   Japanese studies indicate that 

vitamin K could play a very vital role in the treatment of 

cancers–particularly liver cancer. 

Vitamin K: Whole & Traditional Food Sources 

Leafy greens represent a great source of vitamin K, but take 

care to eat these greens with an accompanying wholesome 

fat. 

Mcg of Vitamin K per 100-gram serving. 

 Cooked Kale (882 mcg) 

 Raw Swiss Chard (830 mcg) 

 Dandelion Greens (778 mcg) 

 Raw Radicchio (255 mcg) 

 Miso (23 mcg) 

 

Hormones are molecules produced and secreted by 

endocrine glands in the body. These hormones are released 

into the blood and travel to other parts of the body where they 

bring about specific responses from specific cells. 

QQ::--  pprrooppeerrttiieess  aanndd  ffuunnccttiioonn  ooff  PPeeppttiiddee  hhoorrmmoonneess..  
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AAnnss::--The structure of peptide hormones is that of a 

polypeptide chain (chain of amino acids). The peptide 

hormones include molecules that are short polypeptide chains, 

such as antidiuretic hormone and oxytocin produced in the 

brain and released into the blood in the posterior pituitary 

gland. This class also includes small proteins, such as growth 

hormones produced by the pituitary, and large glycoproteins, 

such as follicle-stimulating hormone produced by the pituitary . 

 

 

 
Secreted peptides, such as insulin, are stored 

within vesicles in the cells which synthesize them. They are 

then released in response to stimuli (e.g., as high 

blood glucose levels in the case of insulin). Amino acid-derived 

and polypeptide hormones are water-soluble and insoluble in 

lipids. These hormones cannot pass through plasma 

membranes of cells; therefore, their receptors are found on the 

surface of the target cells. 

Amino Acid-Derived Hormones 

The amino acid-derived hormones are relatively small 

molecules derived from the amino acids tyrosine and 

tryptophan . If a hormone is amino acid-derived, its chemical 
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name will end in "-ine". Examples of amino acid-derived 

hormones include epinephrine and norepinephrine, which are 

synthesized in the medulla of the adrenal glands, and 

thyroxine, which is produced by the thyroid gland. The pineal 

gland in the brain makes and secretes melatonin, which 

regulates sleep cycles. 

Amino acid-derived hormones 

(a) The hormone epinephrine, which triggers the fight-or-flight 

response, is derived from the amino acid tyrosine. (b) The 

hormone melatonin, which regulates circadian rhythms, is 

derived from the amino acid tryptophan. 

Steroid hormones 

Steroid hormones are crucial substances for the proper 

function of the body. They mediate a wide variety of vital 

physiological functions ranging from anti-inflammatory agents 

to regulating events during pregnancy. They are synthesized 

and secreted into the bloodstream by endocrine glands such 

as the adrenal cortex and the gonads (ovary and testis). 

Steroid hormones are all characterized by the steroid nucleus 

which is composed of three six member rings and one five 

member ring, ingeniously labeled A, B, C, and D respectively. 

The steroid nucleus has the following Structure:  
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and is known as cyclopentanophenanthrene. This structure, 

which has six asymmetric cartoons, provides many possible 

stereo isomers, which one would expect since steroid 

hormones have an array of functions. Furthermore at C-17, 

there is a substituent which varies from hormone to hormone, 

depending on its function.  

 

 

QQ::  --  SSttrruuccttuurree  ooff  PPuurriinneess,,  PPyyrriimmiiddiinneess..  

AAnnss::-- The pyrimidine bases have a 6‐ membered ring with two 

nitrogens and four carbons. 

The pyrimidine bases have a 6‐ membered ring with two 

nitrogens and four carbons. 
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The purine bases have a 9‐ membered double‐ ring system 

with four nitrogens and five carbons. 

 

 

Although both purine and pyrimidine rings have one 

6‐ membered component with two nitrogens and four carbons, 

the purines and pyrimidnes are not related metabolically. 
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Distinct pathways for purine biosynthesis and degradation and 

for pyrimidine biosynthesis and degradation, exist in all 

organisms. 

The combination of a 5‐ membered carbohydrate ring and a 

purine or pyrimidine is called a nucleoside. The rings are 

numbered as shown in the following figure. The two rings of a 

nucleoside or nucleotide must be distinguished from each 

other, so the positions of the sugar carbons are denoted with a 

'(prime) notation. If one or more phosphates exist on the 

carbohydrate, the combination is called a nucleotide. For 

example, ATP is a nucleotide. 

 Deoxyguanosine is a nucleoside as is 

2′‐ O‐ methyladenosine. 

 

 
 

 3′‐ cytidine monophosphate is a nucleotide. 

 

 
QQ::--  NNuucclleeoossiiddeess  aanndd  NNuucclleeoottiiddeess..  
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AAnnss::-- Nucleosides are N-glycosides of ribose and 

deoxyribose; the N comes from the purines and pyrimidines 

we examined on another page. 

Nucleosides are the basic building blocks of nucleic acids: 

ribonucleic acid (RNA) and deoxyriboneculeic acid (DNA). 

Net, they are formed by the loss of water from a sugar 

plus a purine or pyrimidine, OH from the anomeric position of 

the sugar, and H from a nitrogen of the base. 

Here are the structures of those based on purines: 

Adenosine Guanosine 

  

Deoxyadenosine Deoxyguanosine 

  

And here are the pyrimidine-based structures: 

Cytidine Uridine 
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Deoxycytidine Thymidine (Deoxythymidine) 

  

One exception to the glycosidic structure of nucleosides is 

pseudouridine (found in tRNA): 

 

in which C5 of the pyrimidine ring is attached directly to C1' of 

the sugar. 

Structural issues: two conformational variations are possible: 

rotation around the base-to-sugar bond, and puckering of the 

sugar ring. Consider the two structures below for adenosine: 

Anti-conformation Syn-conformation 
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In order for base-pairing to occur in a nucleic acid, the anti- 

conformation is required. But how about for the nucleotide 

itself? 

 The structures above were produced by low-level ab initio 

MO calculations, and these find the syn- isomer to be 

more stable by a couple of kcal/mol, largely on the basis 

of a hydrogen bond between the 5' OH and a ring 

nitrogen. 

 Textbooks say that for purine bases, the syn- and anti- 

are in equilibrium, but pyrimidines exist entirely in the anti- 

conformation. This seems counter-intuitive. 

The puckering of the sugar ring usually involves having either 

C2' or C3' out of the plane formed by C1', O, and C4'. 

 If C2' or C3' is on the same side of the ring as the 

glycosidic bond, the conformation is described as endo-; if 

on the other side, it is exo-. 
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 Numerous papers discuss the factors involved in one 

preference or the other, but in general, the two 

conformations are in equilibrium in solution. 

Nucleotides are phosphate esters of nucleosides. 

 Most commonly, the phosphoryl group is attached to the 

oxygen of the 5'-hydroxyl 

 Nucleotides are typically assumed to be 5'- unless 

otherwise stated. 

 Monophospates can be further phosphorylated to produce 

di- and tri- phosphates, as illustrated below for adenosine: 

 

At physiological pH, the phospates are ionized, as depicted in 

the picture. 

In nucleic acids, the 5' phosporyl is esterified to the 3' OH of 

the next sugar, forming a sugar phosphate backbone, from 

which the purine and pyrimidine bases extend. 

The ionization of the phospates means that RNA and 

DNA bear multiple negative charges - they are 
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polyelectrolytes. This in turn means that cations of various 

kinds, especially Mg++, tend to cluster near the phosphates. 

QQ::--  SSttrruuccttuurree  ooff  BBiioollooggiiccaallllyy  iimmppoorrttaanntt  NNuucclleeoottiiddeess  aanndd  

tthheeiirr  ffuunnccttiioonn  ((FFAADDHH,,  NNAADDHH,,  NNAADDPPHH,,  CCoo--AA))..  

AAnnss::--  

NADH 

 

nicotinamide adenine dinucleotide is a coenzyme derived from 

vitamin B3. NAD+ is capable of carrying and transferring 

electrons and functions as oxidizing agent in redox reactions. 

It also works as a substrate for DNA ligases in 

posttranslational modification, where the reaction removes 

acetyl groups from proteins. Furthermore, in glycolysis and the 

citric acid cycle, NAD+ oxidizes glucose and releases energy, 

which is then transferred to NAD+ by reduction to NADH. 

NADH later on unloads the extra electron through oxidative 

phosphorylation to generate ATP, which is the energy source 
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humans use every day. In addition to catabolic reactions, 

NADH is also involved in anabolic reactions such as 

gluconeogenesis, and it also aids in the production of 

neurotransmitters in the brain. 

FADH 

 

flavin adenine dinucleotide is a prosthetic group that, like 

NADH, functions as a reducing agent in cellular respiration 

and donates electrons to the electron transport chain. 

Quinone 

  

1,2-Benzoquinone 
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1,4-Benzoquinone 

  

  

Anthraquinonecompounds that have fully conjugated aromatic 

rings to which two oxygen atoms are bounded as carbonyl 

groups (i.e. diketones). Quinone’s structure gives them the 

ability to form substances with colors. They exist as pigments 

in bacteria, fungi, and certain plants, and give them their 

characteristic colors. In addition, they are used to manufacture 

different color dyes for industrial purposes. In biological 

systems, they serve as electron acceptors (oxidizing agents) 

in electron transport chains such as those in photosynthesis 

and aerobic respiration. Many natural or synthetic quinines 

show biological or pharmacological activities, and some event 

show antitumoral activities. 

CoA 

 

coenzyme A, synthesized from pantothenic acid ATP, 

functions as acyl group carriers to transport functional groups 

such as acetyl (acetyl-CoA) or thioesters in metabolic 

reactions like fatty acid oxidation (synthesis of fatty acids) and 

citric acid cycle (cellular respiration). It also transfers fatty 
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acids from cytoplasm to mitochondria. In addition to its 

transporter role in metabolism, CoA is also an important 

molecule in itself. For instance, CoA is an important precursor 

to HMG-CoA, an important enzyme in the metabolic synthesis 

of cholesterol and ketones. Furthermore, it contributes the 

acetyl group to the structure of acetylcholine, which is an 

important neurotransmitter responsible for inducing muscle 

contraction. 

QQ::--  NNAADDPPHH..  

AAnnss::-- Nicotinamide adenine dinucleotide phosphate, 

abbreviated NADP+ or, in older 

notation, TPN (triphosphopyridine nucleotide), is 

a cofactor used in anabolic reactions, such as lipid and nucleic 

acid synthesis, which require NADPH as a reducing agent. 

NADPH is the reduced form of NADP+. NADP+ differs 

from NAD+ in the presence of an additional phosphate 

groupon the 2' position of the ribose ring that carries 

the adenine moiety. 

Function 

NADPH provides the reducing equivalents for biosynthetic 

reactions and the oxidation-reduction involved in protecting 

against the toxicity of ROS (reactive oxygen species), allowing 

the regeneration of GSH (reduced glutathione).NADPH is also 

used for anabolic pathways, such as lipid 

synthesis, cholesterol synthesis, and fatty acid chain 

elongation. 
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The NADPH system is also responsible for generating free 

radicals in immune cells. These radicals are used to destroy 

pathogens in a process termed therespiratory burst.It is the 

source of reducing equivalents for cytochrome 

P450 hydroxylation of aromatic compounds, steroids, alcohols, 

and drugs. 

Ball-and-stick models of NADP+ and NADPH 

 

NADP+  

 

NADPH  
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QQ::  --  SSttrruuccttuurree  ooff  PPrrookkaarryyoottiicc  aanndd  EEuukkaarryyoottiicc  CCeellllss..  

AAnnss::--  

 
Prokaryotic Cell 

Prokaryotic cells are simpler and smaller than the eukaryotic 

cells. The term prokaryote is derived from the Greek word-

 “prokaryote” meaning before nuclei. These cells lack 

membrane bound organelles. Prokaryotic cells are unicellular 

organisms, which reproduce through binary fission. In some 

cases few prokaryotic organisms also reproduce by budding. 

Prokaryotic cells have a cell envelope, which generally 

consists of a capsule, cell wall, cytoplasm, plasma membrane, 

cytoplasm region or nucleiod region, ribosome, plasmids, pili 

and flagella. 
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Example: Bacteria, blue green algae, E.coli, etc. 

Parts of Prokaryotic Cell and their Functions 

Capsule:  It is composed of a thick polysaccharide. It is a kind 

of slime layer, which covers the outside of the cell wall. It is 

used to stick cells together and works as a food reserve and it 

also protects the cell from dryness and from chemicals. 

Cell wall: It is made from the glycoprotein murein. Cell wall 

provides strength and rigidity to the cell and it is permeable to 

solutes. 

Cytoplasm:  It helps in cellular growth, metabolism and 

replication. Cytoplasm is the storehouses for all types of 

chemicals and components that are used to sustain the life of 

a bacterium. 

Plasma membrane: It is also known as a cell membrane.It is 

mainly composed of proteins, phospholipids and 

carbohydrates, which forms into a fluid-mosaic. Plasma 

membrane surrounds the bacteria and it is a most important 

organelle and plays a vital role in controlling the movement of 

substances in the cell. 
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Cytoplasm region (or) nucleiod region: An area of the 

cytoplasm that contains the single bacterial DNA molecule. 

Ribosome: They are the smallest part of cell organelle. 

Ribosome plays a vital role in protein synthesis as they consist 

of protein and RNA. They are located freely in the cytoplasm 

of attached to the rough endoplasmic reticulum. 

Mesosomes: They are the folding, present inside the plasma 

membrane. Mesosome plays a vital role in cellular 

respirations, replication of DNA, cell division, separation of 

chromosomes during cell division and also performs the role of 

Golgi bodies and mitochondria. 

Plasmids: They are a small circle of DNA. Plasmid plays a 

vital role in exchanging DNA between the bacterial cells. 

Bacterial cells have many plasmids. 

Pili: They are short protein appendages, which fixes bacteria 

to surfaces. These pili are smaller than those flagella and are 

used in conjugation to exchange the genetic information. 

Flagella: They are rigid rotating tail. The clockwise rotation 

moves the cell forward and anticlockwise rotation helps the 

cell to spin. The rotation is powered by H+ gradient across the 

cell membrane. 

Eukaryotic Cell 

Eukaryotic cells are those cells, which are complex and larger 

than the prokaryotic cells. The term eukaryote is derived from 

the Greek word- â€œeukaryoteâ€• meaning true or good 

nuclei. This cell includes all life kingdoms except monera. 

Eukaryotic cells can be easily distinguished through a 

membrane-bound nucleus. The life, which is present and 
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visible by our naked eye, is all made up of these cells. 

Eukaryotic cells are membrane-bound organelles, which have 

a multiple membrane-bound organelles to carry out specific 

cell tasks. They have different internal membranes, which are 

known as organelles. These organelles play a vital role in cell 

maintenance and other functions. These organelles generally 

consist of cell wall, plasma membrane, nucleus, mitochondria, 

chloroplasts (plastids), endoplasmic reticulum, ribosome, Golgi 

apparatus, lysosomes, vacuoles, cytoplasm and 

chromosomes. 

 

 
 

Parts of Eukaryotic Cell and their Functions 

Cell wall: It helps in protecting the plasma membrane and 

plays a vital role in supporting and protecting the cells. It is a 

thick outer layer made of tough cellulose. Cell walls are 

present in plant cells and are absent in animal cells. 

Plasma membrane: The plasma membrane is present in 

animal cells, plant cells and even in eukaryotic cells. It is a 

double layered, thin barrier, surrounding the cell that controls 

the entry and exit of certain substances. It also refers to a thin, 
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fluid entity that manages to be very flexible and it is stable. It is 

also called as cell membrane. It is the living ultra thin biological 

membrane ranging from 6 to 8nm and composed of a dynamic 

layer that chemically comprises a molecule of lipids and 

proteins that are arranged in a fluid mosaic pattern. It acts as a 

protective barrier. This membrane plays a vital role in: 

It acts as a boundary and separates the internal and external 

organelles of a cell.  

 Transportation of materials. 

 Cell to cell recognition. 

 Enzymatic activity. 

 Signal transduction. 

Nucleus: It is present both in animal cell and in plant cells. It is 

large and present in the center of a cell. It contains DNA and 

stores all the necessary information, which is required to 

control all the activities within the cell. Hence it is also called 

as a brain of the cell. 

Nuclear membrane: It is a double layered, which surrounds 

the nucleus and helps in the entry and exits of material into the 

nucleus. It also separates the nucleus from the other parts of 

the cell. 

Nucleolus: It is present in nucleus of both plant cell and 

animal cell. It plays a vital role in the synthesis of RNA and in 

the formation of the ribosome. 

Mitochondria: The organelles that convert energy into usable 

forms, which are used by the cell to perform their cellular 

functions. They are double membranes, semi-autonomous 

organelles. This organelle plays a vital role in generating and 
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transforming the energy. Albert von Kolliker recognized the 

structure of the mitochondria in the year 1880. It is a 

powerhouse of the cell, which produces energy by breaking 

down fats and carbohydrates. Mitochondria play a vital role in: 

 The most important function of the mitochondria is to 

produce energy.  

 It converts glucose to ATP. 

 Helps in cellular respiration. 

  It synthesizes ATP from the breakdown of sugars, fats 

and other fuels in the presence of oxygen. 

 It plays a vital role in oxidative phosphorylation. 

Chloroplast: They are the sub cellular sites of photosynthesis. 

Chloroplasts were discovered early in the 17th century and 

were identified by a scientist named Antony van Leeuwenhoek 

and by another scientist named Nehemiah Grew. Chloroplasts 

are important because, if there were no chloroplasts, plants 

cannot produce oxygen, sugars and starches, which other 

animals use and eat. They also produce energy in the daylight. 

 They are present only in plant cells and are absent in animal 

cells. Chloroplasts are also found in chlorophyll bacteria, blue-

green algae, etc. It is a site for photosynthesis.   

 

Endoplasmic reticulum: It helps in movement of materials 

around thecell. Its main functions are storage and secretion. It 

is of two types:- 

Rough endoplasmic reticulum - it manufactures proteins. 

Smooth endoplasmic reticulum - it contains an enzymes that 

helps to build molecules. 
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Ribosome: They are biological molecule, which are 

composed of proteins and RNA. It is complex and smallest 

organelle in the cell. It plays a vital role in synthesis millions of 

protein, which are required for cells to perform several 

activities. These organelles are present in all animal cells and 

absent in plant cells. 

Golgi Bodies: They are sac like structures, which are 

specifically used for storing or preserving all the substances 

made by the cell. It helps in the movement or transportation of 

materials within the cell and in synthesis of plant cell wall; 

hence it is also called as the post office of the cell. It also plays 

a vital role in the modification, transportation and processing of 

macromolecules, which includes proteins and lipids. These 

organelles are present in all animal cells and absent in plant 

cells. 

Lysosomes: They are spherical organelles, which contains 

enzymes that help in maintaining the physiologic turnover of 

cellular constituents. These organelles are present in all 

animal cells and absent in plant cells. They play a vital role in 

breaking the food materials and making it easier to digest. The 

size of these Lysosomes varies from 0.1 to 1.2 Âµm. It is also 

called as suicidal bags as it helps in cell renewal and break 

down old cell parts. Lysosomes play a vital role in: 

 Removal of dead cells, hence they are named as a 

suicide bags. 

 They protect the cell by ingestion of other dying cells or 

larger extracellular material like-foreign invading 

microbes. 
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 Lysosomes attacks the foreign or disease-causing agents 

such as bacteria, viruses, fungi, food and old organelles 

and break them into small pieces that can hopefully be 

used again. 

 Lysosomes play a vital role in protecting the cell from 

being digested by surrounding the cell membrane.  

Vacuoles: They are vesicle that helps in the digestion. They 

are present both in plant cells and in animal cells. In plant cells 

it helps in maintaining its shape and it also stores water, food, 

enzymes, wastes, etc. 

Cytoplasm: It refers to the jelly like material with organelles in 

it. It is present both in plant and in animal cells. They consist of 

inner region of the plasma membrane and also the outer 

region of DNA. The cytoplasm is made of components, which 

benefits the cell by keeping the organelles separate from each 

other. This helps to keep a cell in stable. Cytoplasm also 

contains some important organelles like endoplasmic 

reticulum, lysosomes, mitochondria and   Golgi apparatus. 

Along with these organelles, it also contains chloroplast in 

plant cells. Every organelle is bound by a fatty membrane, 

which have some specific functions. A cytoplasm plays a vital 

role in: 

 Storage and manufacturing of energy. 

 Maintains the cellâ™s shape and its consistency and 

provides suspension to the organelles. 

 All types of cell functions like: cell expansion, growth and 

replication are carried out in the cytoplasm of a cell. 

 All types of cellular activities take place in this cytoplasm. 
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 Cytoplasm also helps in the movement of different 

elements or molecules present within the cell. 

Chromosomes: The term chromosome is derived from the 

Greek word Chromaâ meaning colour and Somesâ• meaning 

the body. Chromosomes are small, coloured thread like 

structures present in the nucleoplasm of living cells, which 

helps in the inheritance or transmission of characters in form 

of Genes from one generation to another generation.  It is 

made up of DNA and stored in the nucleus, which contains the 

instructions for traits and characteristics. A chromosome plays 

a vital role in: 

 Self-duplication. 

 They help in transmitting or transferring the characters 

from one generation to another generation (or) from 

parents to offspring. 

 Controls the  biological processes in the body of an 

organism. 

 They control cell metabolism by directing the formatting of 

necessary proteins. 

 They help in cell differentiation during development. 

 A chromosome also helps in determining a sex of an 

individual. 

Centrosomes: They are the small hollow cylindrical shaped 

organelles, which are composed of nine bundles of micro 

tubules.  They play a vital role in cell division or in the cell 

cycle. Centrosomes are present only in animal cells and are 

absent in plant cells. Centrosomes are also called by 

centrioles. 
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Prokaryotic and Eukaryotic Cells 

The difference between the prokaryotes and eukaryotes is 

said to be the most important disticnction among the groups of 

organisms. The main difference is that the eukaryotic cells 

contain cellular organelles that are membrane bound, like the 

nucleus. The prokaryotic cells do not have membrane bound 

cellular organelles. The cellular structure of the prokaryotes 

and eukaryotes differ in the presence of cellular structures like 

the mitochondria and chloroplasts, cell wall and the structure 

of chromosomal DNA.  

 

 
 

Differences between Prokaryotic cells and Eukaryotic 

cells 

 

                                  

Prokaryotic Cells  

                               Eukaryotic 

Cells 

 They are very minute in 

size. 

 They are comparatively larger in 

size. 

  Nuclear region (nucleoid) 

is not enveloped by a 

  Nucleus is surrounded by a 

double membrane layer. 
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nuclear membrane. 

  Single chrmosome 

present.  

 More than one chromosome are 

present. 

 Nucleolus is absent.  Nucleolus is present. 

 Membrane bound 

organelles are absent. 

 Membrane bound organelles are 

present. 

 Multiplication of cell is by 

fission or budding.  
 Cell division by mitosis or meiosis. 

 Cell Walls presnt, which 

are chemically complex. 

 Cell walls seen in only plant cells, 

which are chemically simpler.  

 Cell type is usually 

unicellular. 
Usually multicellular cells.  

 Cell size is 1-10μm  Cell size 10 - 100µm. 

 Example: Bacteria, 

archaea 

 Example: animal cells and plant 

cells. 

 

QQ::--  SSttrruuccttuurree  aanndd  FFuunnccttiioonn  ooff::  PPllaassmmaa  MMeemmbbrraannee..  

AAnnss::-- The plasma membrane (cell membrane) is made of two 

layers of phospholipids. The membrane has many proteins 

embedded in it. 

The plasma membrane regulates what enters and leaves the 

cell. Many molecules cross the cell membrane by diffusion and 

osmosis. 

Membrane Functions 

 Form specialized compartments by selective permeability 

o Unique environment 

o Creation of concentration gradients 
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o pH and charge (electrical, ionic) differences 

 Asymmetric protein distribution 

 Cell-Cell recognition 

 Site for receptor molecule biding for cell signaling 

o Receptor binds ligand (such as a hormone) 

o Induces intracellular reactions 

 Controls and regulates reaction sequences 

o Product of one enzyme is the substrate for the next 

enzyme 

o Can "line up" the enzymes in the proper sequence 

Membrane Structure According to the Davson-Danielli 

Model 

 NOTE: this model is not correct but shows the 

progression of the current model 

 Lipid bilayer composed of phospholipids 

o Hydrophobic tails inside 

o Hydrophilic heads outside 

o This forms two separate water-interacting surfaces 

 Proteins coat outer surface 

o This forms a protein-lipid sandwich 

o Proteins do not permeate the lipid bilayer 

 Problems with this model 

o This model assumes that all membranes are identical 

- this was known to be false 

o The membrane proteins would be exposed to 

hydrophilic environments on all sides (from the 

phospholipids and from the water of the cytoplasm). 

This is not a stable configuration. 
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Membrane Structure According to the Fluid Mosaic 

Model of Singer and Nicolson 

 The membrane is a fluid mosaic of phospholipids and 

proteins 

 Two main categories of membrane proteins - integral and 

peripheral 

o Peripheral proteins - bound to the surface of the 

membrane 

o Integral proteins - permeate the surface of the 

membrane 

 Membrane regions differ in protein configuration and 

concentration 

o Outside vs. inside - different peripheral proteins 

o Proteins only exposed to one surface 

o Proteins extend completely through - exposed to both 

surfaces 

o Membrane lipid layer fluid 

 Proteins move laterally along membrane 

QQ::--EEnnddooppllaassmmiicc  RReettiiccuulluumm..  

AAnnss::-- Endoplasmic reticulum is a continuous membrane, 

which is present in both plant cells, animal cells and absent in 

prokaryotic cells. It is the membrane of network tubules and 

flattened sacs, which serves a variety of functions within the 

cell. The space, which is present in the endoplasmic reticulum, 

is called as the lumen.   

A diagram of Endoplasmic Reticulum 
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Endoplasmic Reticulum Definition 

It can be defined as a eukaryotic organelle, which forms a 

network of tubules, vesicles and cisternae within the cells. 

There are two regions of the Endoplasmic reticulum, which 

differ in both structure and function. One region is called as 

rough Endoplasmic reticulum, as it contains ribosome attached 

to the cytoplasmic side of the membrane and they are the 

series of flattened sacs. The other region is called as smooth 

Endoplasmic reticulum as it lacks the attached ribosome and 

they are tubule network. 

Endoplasmic Reticulum Function 

The major functions of Endoplasmic reticulum are: 

1. It is mainly responsible for the transportation of proteins 

and other carbohydrates to another organelle, which 

includes lysosomes, Golgi apparatus, plasma membrane, 

etc. 

2. They play a vital role in the formation of the skeletal 

framework. 

3. They provide the increased surface area for cellular 

reactions. 
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4. They help in the formation of nuclear membrane during 

cell division. 

5. They play a vital role in the synthesis of proteins, lipids, 

glycogen and other steroids like cholesterol, 

progesterone, testosterone, etc. 

Endoplasmic Reticulum Structure 

Endoplasmic reticulum is an extensive membrane network of 

cisternae (sac-like structures), which are held together by the 

cytoskeleton. The phospholipid membrane encloses a space, 

the lumen from the cytosol, which is continuous with the 

perinuclear space. 

The surface of the rough endoplasmic reticulum is studded 

with the protein manufacturing ribosome, which gives it a 

rough appearance. Hence it is referred as a rough 

endoplasmic reticulum. 

The smooth endoplasmic reticulum consists of tubules, which 

are located near the cell periphery. This network increases the 

surface area for the storage of key enzymes and the products 

of these enzymes. 

Rough endoplasmic reticulum synthesizes proteins, while 

smooth endoplasmic reticulum synthesizes lipids and steroids. 

It also metabolizes carbohydrates and regulates calcium 

concentration, drug detoxification, and attachment of receptors 

on cell membrane proteins. 

Endoplasmic reticulum varies extensive extending from the 

cell membrane through the cytoplasm and forming a 

continuous connection with the nuclear envelope.  

A structure of Endoplasmic reticulum  
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Structure of a smooth Endoplasmic reticulum 

 

 
 

Structure of a Rough Endoplasmic reticulum 

 

 
Q: - Mitochondria. 

Ans: - In Journey into the Cell, we looked at the structure of 

the two major types of cells: prokaryotic and eukaryotic cells. 

Now we turn our attention to the "power houses" of a 

eukaryotic cell, the mitochondria. 

Mitochondria are the cell's power producers. They convert 

energy into forms that are usable by the cell. Located in 
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the cytoplasm, they are the sites of cellular respiration which 

ultimately generates fuel for the cell's activities. Mitochondria 

are also involved in other cell processes such as cell 

division and growth, as well as cell death. 

Mitochondria: Distinguishing Characteristics 

Mitochondria are bounded by a double membrane. Each of 

these membranes is a phospholipid bilayer with embedded 

proteins. The outermost membrane is smooth while the inner 

membrane has many folds. These folds are called cristae. The 

folds enhance the "productivity" of cellular respiration by 

increasing the available surface area. 

The double membranes divide the mitochondrion into two 

distinct parts: the intermembrane space and the mitochondrial 

matrix. The intermembrane space is the narrow part between 

the two membranes while the mitochondrial matrix is the part 

enclosed by the innermost membrane. Several of the steps in 

cellular respiration occur in the matrix due to its high 

concentration of enzymes. 

Mitochondria are semi-autonomous in that they are only 

partially dependent on the cell to replicate and grow. They 

have their own DNA, ribosomes and can make their own 

proteins. Similar to bacteria, mitochondria have circular DNA 

and replicate by a reproductive process called fission. 

Journey into the Cell: 

To learn more about cells, visit: 

 Eukaryotic and Prokaryotic Cells 

 Nucleus 

 Ribosomes 
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 Endoplasmic Reticulum 

 Golgi Complex 

 Lysosomes 

 Peroxisomes 

 Cytoskeleton 

 Cilia and Flagella 

Cell Anatomy 

 10 Facts About Cells 

 Cell Anatomy Quiz 

 Animal Cells 

 

Q: - Describe the structure and function of Golgi 

apparatus. 

Ans:-  
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1. Golgi apparatus varies in sized and form in different cell 

types, but usually has similar organization for any one 

kind of cells.  The Golgi apparatus appears as a coarse 

network under a light microscope. 

2. Electron microscope shows it is central stack of parallel, 

flattened, inter communicating sacs or cisternae and 

many peripheral tubules and vesicles. 

3. The cisternae vary in number from three to seven in most 

animal cells and from ten to twenty in plant cells. 

4. Secretary materials reach the Golgi apparatus from the 

SER through their inter connections, and also by way of 

transport vesicles which bud off from the SER and fuse 

with the Golgi cisternae on the forming face. 

5. Tubules form a complicated network towards the 

periphery and maturing face of the apparatus. 

6. Golgian vacuoles are expanded part of the cisternae 

which have become modified to form vacuoles.  The 

vacuoles develop from the concave or maturing face.  

Golgian vacuoles contain amorphous or granular 

substance.  Some of the golgian vacuoles function as a 

lysosomes.  

Functions of Golgi apparatus: 

1. Golgi apparatus is metabolically very active and many 

functions have been assigned to it. 

2. The Golgi complex modifies sorts and packages proteins 

and lipids coming from the ER. 
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3. Chemical labels are added to send the products to other 

specific parts of the cell or out of the cell. 

4. The Golgi apparatus synthesizes some simple 

carbohydrates such as galactus, sialic acid and certain 

poly saccharides, pectin compounds from simple sugars. 

5. The Golgi apparatus links carbohydrates with proteins 

coming from ER to form glycol proteins.  This process is 

called glycol sylation. 

6. Lipids and proteins coming from the ER or complexed into 

lipoproteins in the Golgi apparatus. 

7. The production of hormones by endocrine glands is 

mediated through Golgi apparatus. 

8. In many mammalian tumor and cancer cells the Golgi 

complex has been described as the site of origin of 

pigment granules (melanin).  

Q: - Structure and Function Ribosomes. 

Ans:- 

 

Within cells are small, dense structures known as ribosomes 

that catalyze the assembly of protein chains. The ribosome 

accomplishes the reading of the messenger RNAs and the 

binding of amino acids to the transfer RNAs to build up the 

protein structures. This process is called translation, a word 

that seems appropriate since it translates the four-character 
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alphabet of the bases used in the genetic to proteins built in 

the twenty-character alphabet of amino acids. 

The ribosome is a complex of over 50 proteins plus its own 

complement of RNA, often denoted rRNA. 

There are free ribosomes that are suspended in the 

cytoplasm of the cell, but many of them are attached to 

the rough endoplasmic reticulum associated with the nuclear 

envelope of the cell. 

The ribosomes in prokaryotic cells are free floating structures, 

there being no nuclei in such cells. 

"If genomic DNA is the cell's planning authority, then the 

ribosome is its factory, churning out the proteins of life. It's a 

huge complex of protein and RNA with a practical and life-

affirming purpose - catalyzing protein synthesis. Bacterial cells 

typically contain tens of thousands of ribosomes, and 

eukaryotic cells can contain hundreds of thousands or even a 

few million of them" (Borman) 

Q: - Describe the structure and function of lysosomes. 

Ans:- Structure of Lysosomes: -Lysosomes are simple one 

membrane bound sacs filled with digestive enzymes. They are 

bounded by a single lipoprotein membrane.  They are globular 

having a diameter of 0.2 to 0.8 microns. The lipoprotein 

membrane insulates the enzymes form the rest of the cell. If 

the enzymes are released they digest the cell and hence 

lysosomes are also referred to as “suicide bags”. 

Some of the enzymes present in the Lysosomes are: 

Nucleases, Phosphateses, Proteases, Lipases and 

Sulphatases. A single lysosome may contain one or more 
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enzymes. These enzymes are synthesized by the Rough 

Endoplasmic Reticulum (RER).  Lysosomes are absent in 

plant cells. 

Functions of Lysosomes: 

1. Lysosomes digest the organic waste that is produced due 

to the various metabolic activities of the cell. 

2. They play an important function is removing the worn out 

cell organelles and organic debris by a process called 

Autolysis. They are also called as ‘Demolition Squads’. 

3. It protects the cell by destroying any foreign bacteria or 

virus that invades the cell 

4. When a cell gets old or damaged, lysosomes burst and 

the enzymes digest their own cells. This is called as 

Autolysis. Therefore, lysosomes are also referred to as 

‘Suicide Bags’.  

 
QQ::  --  FFuunnccttiioonnss  ooff  CChhlloorrooppllaasstt..  

AAnnss::  -- There is three major types of plastids on the basis of 

their colour. They are: (i) Chloroplast, (ii) Chromoplast, and (iii) 

Leucoplast. From these three the chloroplasts are of wide 
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occurrence and of photosynthetic pigment the chlorophyll. 

Chloroplasts are present in all green coloured eukaryotic cells. 

Form, size number of chloroplast- The form varies with 

the species and organisms. It may be ribbon-like, reticulate 

cup-shaped, spiral stellate, discoid, spherical or ovoid. In 

higher plants, it is generally discoid. The diameter varies from 

20-40 person cell in higher plants. 

Structure:-The chloroplast is surrounded by two unit 

membranes, each about 40 to 60 A° thick. The space between 

two membranes is called periplastidal space. The internal 

structure shows two distinct part: (i) colourless ground 

substance called stroma and (ii) closed flat stack-like 

membrane system called grana. 

Stroma:-Stroma is watery and proteinaceous ground 

substance. It contains ribosomes. A self-replicating DNA 

molecule is also present in stroma. The dark reaction of 

photosynthesis takes place in stroma. 

Grana:-Grana are densely packed stacks of membrane layers 

called the thylakoids. Each thylakoid is bounded a single 

membrane but because of flatness of these structures they 

appear as double membrane layer surrounded or lamellae. 

About 40-60 grana are formed at frequent intervals by packed 

stack of thylakoids. In these thalykoids the light reaction of 

photosynthesis takes place. Two adjacent gran are joined with 

one another by lamellae called intergaranal lamellae or stroma 

lamellae. Each lamellae is made of bimolecular layer 

chlorophylls and carotenoids. 
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Functions :-( 1) Absorption of light energy and conversion of it 

into biological energy. 

(2) Production of NAPDH2 and evolution of oxygen through the 

process of photosys of water. 

(3) Production of ATP by photophosphorylation. NADPH2 and 

ATP are the assimilatory powers of photosynthesis. Transfer 

of CO2 obtained from the air to 5 carbon sugar in the stream 

during dark reaction. 

(4) Breaking of 6-carbon atom compound into two molecules 

of phosphoglyceric acid by the utilization of assimilatory 

powers. 

(5) Conversion of PGA into different sugars and store as 

stratch. The chloroplast is very important as it is the cooking 

place for all the green plants. All heterotrophs also depend on 

plasts for this food. 

Q: - Nuclear pores. 

Ans:- Nuclear pores are large protein complexes that cross 

the nuclear envelope, which is the double membrane 

surrounding the eukaryotic cell nucleus. There are about an 

average of 2000 nuclear pore complexes (NPCs), in the 

nuclear envelope of a vertebrate cell, but it varies depending 

on cell type and the stage in the life cycle. The proteins that 

make up the nuclear pore complex are known as nucleoporins. 

About half of the nucleoporins typically contain either an alpha 

solenoid or a beta-propeller fold, or in some cases both as 

separate structural domains. Each NPC contains at least 456 

individual protein molecules and is composed of 30 distinct 

proteins (nucleoporins). The other half show structural 
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characteristics typical of "natively unfolded" or intrinsically 

disordered proteins, i.e. they are highly flexible proteins that 

lack ordered secondary structure. These disordered proteins 

are the FG nucleoporins, so called because their amino-acid 

sequence contains many repeats of the 

peptide phenylalanine—glycine.  

Nuclear pore complexes allow the transport of molecules 

across the nuclear envelope. This transport 

includes RNA and ribosomal proteins moving from nucleus to 

the cytoplasm and proteins (such as DNA 

polymerase and lamins), carbohydrates, signaling 

molecules and lipids moving into the nucleus. It is notable that 

the nuclear pore complex (NPC) can actively conduct 1000 

translocations per complex per second. Although smaller 

molecules simply diffuse through the pores, larger molecules 

may be recognized by specific signal sequences and then be 

diffused with the help of nucleoporins into or out of the 

nucleus. This is not directly energy requiring, but depends on 

concentrations gradients associated with the RAN cycle. Each 

of the eight protein subunits surrounding the actual pore (the 

outer ring) projects a spoke-shaped protein over the pore 

channel. The center of the pore often appears to contain a 

plug-like structure. It is yet unknown whether this corresponds 

to an actual plug or is merely cargo caught in transit. 
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The structure of the nuclear pore complex. 

In eukaryotic cells, the spatial segregation of replication and 

transcription in the nucleus and translation in the cytoplasm 

imposes the requirement of transporting thousands of 

macromolecules between these two compartments. Nuclear 

pore complexes (NPCs) are the sole gateways that facilitate 

this macromolecular exchange across the nuclear envelope 

with the help of soluble transport receptors. Whereas the 

mobile transport machinery is reasonably well understood at 

the atomic level, a commensurate structural characterization of 

the NPC has only begun in the past few years. Here, we 

describe the recent progress toward the elucidation of the 

atomic structure of the NPC, highlight emerging concepts of its 

underlying architecture, and discuss key outstanding questions 

and challenges. The applied structure determination as well as 

the described design principles of the NPC may serve as 

paradigms for other macromolecular assemblies. 

Q: -Nuclear Envelope. 

Ans: - A Nuclear Envelope is commonly referred to as a 

nuclear membrane. It is the layer that protects the inner 
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contents of Eukaryotic cells. The membrane consists of two 

layers, the endoplasmic reticulum and the nucleoplasm. The 

endoplasmic reticulum is the outer most layer while the 

nucleoplasm is the inner most layer. 

The nuclear envelope is the membrane in eukaryotes that 

encloses the nucleus, separating it from the cytoplasm. The 

nuclear envelope is a double membrane. It has pores and the 

protein structure called pore complex lines each pore and 

regulates the entry and exit of certain molecules and particles. 

QQ::  --  NNuucclleeoolluuss::  SSttrruuccttuurree  aanndd  FFuunnccttiioonn..  

AAnnss::  -- The nucleolus is the nuclear subdomain that assembles 

ribosomal subunits in eukaryotic cells. The nucleolar organiser 

regions of chromosomes, which contain the genes for 

pre‐ ribosomal ribonucleic acid (rRNA), serve as the 

foundation for nucleolar structure. The nucleolus disassembles 

at the beginning of mitosis, its components disperse in various 

parts of the cell and reassembly occurs during telophase and 

early G1 phase. Ribosome assembly begins with transcription 

of pre‐ rRNA. During transcription ribosomal and nonribosomal 

proteins attach to the RNA. Subsequently, there is modification 

and cleavage of pre‐ rRNA and incorporation of more 

ribosomal proteins and 5S rRNA into maturing pre‐ ribosomal 

complexes. The nucleolus also contains proteins and RNAs 

that are not related to ribosome assembly and a number of 

new functions for the nucleolus have been identified. These 

include assembly of signal recognition particles, sensing 

cellular stress and transport of human immunodeficiency virus 

1 (HIV‐ 1) messenger RNA. 
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Key Concepts: 

 The nucleolus, whose primary function is to assemble 

ribosomes, is the largest structure in the cell nucleus. 

 The nucleolus organiser regions of chromosomes, which 

contain the genes for pre‐ rRNA, are the foundation for the 

nucleolus. 

 All active nucleoli contain at least two ultrastructural 

components, the nucleolar dense fibrillar component 

representing early pre‐ ribosomal complexes and the 

granular component containing more mature pre‐ ribosomal 

particles. 

 Most nucleoli in higher eukaryotes also contain fibrillar 

centres, which are the interphase equivalents of the 

nucleolus organiser regions. 

 The nucleolus disassembles at the beginning of mitosis and 

begins to reassemble in telophase. 

 Ribosome assembly begins with the transcription of 

pre‐ rRNA by RNA polymerase I. 

 Ribosomal and nonribosomal proteins and 5S RNA 

associate with the pre‐ rRNA during and after transcription. 

 The pre‐ rRNA is modified and processed into rRNA with the 

aid of nonribosomal proteins and small nucleolar RNAs. 

 The nucleolus has numerous other functions including 

assembly of signal recognition particles, modification of 

transfer RNAs and sensing cellular stress. 

Q: - Organization of genomic DNA in the Nucleus. 

Ans: - The activities associated with the genome center 

around the readout, processing, maintenance and transfer of 
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the information encoded in the DNA sequence. In eukaryotes, 

the corresponding processes like gene expression and RNA 

processing, as well as DNA repair, replication, recombination 

and genome segregation take place in the environment of the 

nucleus. It provides a complex dynamic organization that 

serves to establish two apparently contradicting functions: On 

the one hand the genome has to be protected from 

uncontrolled modifications that would compromise its function, 

and it has to be reliably replicated and segregated during cell 

division and meiosis. On the other hand it has to be 

remarkably plastic to allow for a dynamic (re)organization so 

that the cell is able to adopt different functional states. To 

understand how this is accomplished, findings from research 

in genomics, chromatin, epigenetics and nuclear organization 

have to be integrated. This need is addressed in the book 

"Genome Organization and Function in the Cell Nucleus" by 

Karsten Rippe that was published in January 2012 by Wiley-

VCH. It combines complementary and interconnected 

contributions from renowned experts in different fields of 

research into a novel approach to understand genome 

function.  

From the back cover: "By way of its clear and logical 

structure, as well as abundant high-resolution illustrations, this 

is a systematic survey of the players and pathways that control 

genome function in the mammalian cell nucleus. As such, this 

handbook and reference ties together recently gained 

knowledge from a variety of scientific disciplines and 

approaches, dissecting all major genomic events: replication, 
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recombination, repair, and transcription. A special emphasis is 

put on transcriptional control, including genome-wide 

interactions and non-coding RNAs, chromatin epigenetics and 

nuclear organization. With its focus on fundamental 

mechanisms and the associated biomolecules, this will remain 

essential reading for years to come." 

 
QQ::  --  RRoollee  ooff  HHiissttoonneess  iinn  DDNNAA  PPaacckkaaggiinngg..  

AAnnss::  -- The role of histones in DNA packaging is to organize 

the DNA into units known as nucleosomes aid in gene 

regulation. DNA winds around these histones causing a 

reduction in their length unlike if the DNA existed in the body in 

the unwound form. There are five families of histones capable 

of being found in the human body. 

There are 4 main stages in DNA packaging in a nucleus 

and they form  

1) nucleosomes (10-11nm, basic unit of packaging)  

2) solenoids (30 nm fiber)  

3) looped domains (300nm fiber)  

4) metaphase chromosomes (1400nm)  

Histone proteins mainly help in the formation of the 

nucleosomes and solenoids.  

Nucleosomes are the most basic unit of DNA packaging and 
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they consist of 146 base pairs of DNA wrapped around an 

octamer of histone proteins. The histone proteins are positively 

charged and they compose of 2 molecules each of 4 types of 

histones, H2A, H2B, H3 and H4. They provide the structure for 

the DNA to wrap around basically. The histone tails extend 

outwards and are important in chromatin modifications such as 

histone acetylation, whereby an acetyl group is attached to the 

histone tail to make it more negatively charged so that the 

DNA can unwind for translation. Attached near each 

nucleosome is the H1 protein. All these histone protein help in 

the coiling of the nucleosome chain into a solenoid due to the 

interactions of the histone proteins and the DNA of the 

neighbouring nucleosomes. 

Q: - Nucleosomes as basic unit of eukaryotic 

chromosome structure. 

Ans: - The length of DNA in the nucleus is far greater than the 

size of the compartment in which it is contained. To fit into this 

compartment the DNA has to be condensed in some manner. 

The degree to which DNA is condensed is expressed as its 

packing ratio. 

Packing ratio - the length of DNA divided by the length into 

which it is packaged 

For example, the shortest human chromosome contains 4.6 x 

107 bp of DNA (about 10 times the genome size of E. coli). 

This is equivalent to 14,000 µm of extended DNA. In its most 

condensed state during mitosis, the chromosome is about 2 

µm long. This gives a packing ratio of 7000 (14,000/2). 
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To achieve the overall packing ratio, DNA is not packaged 

directly into final structure of chromatin. Instead, it contains 

several hierarchies of organization. The first level of packing is 

achieved by the winding of DNA around a protein core to 

produce a "bead-like" structure called a nucleosome. This 

gives a packing ratio of about 6. This structure is invariant in 

both the euchromatin and heterochromatin of all 

chromosomes. The second level of packing is the coiling of 

beads in a helical structure called the 30 nm fiber that is found 

in both interphase chromatin and mitotic chromosomes. This 

structure increases the packing ratio to about 40. The final 

packaging occurs when the fiber is organized in loops, 

scaffolds and domains that give a final packing ratio of about 

1000 in interphase chromosomes and about 10,000 in mitotic 

chromosomes. 

Eukaryotic chromosomes consist of a DNA-protein 

complex that is organized in a compact manner which permits 

the large amount of DNA to be stored in the nucleus of the 

cell. The subunit designation of the chromosome is chromatin. 

The fundamental unit of chromatin is the nucleosome. 

Chromatin - the unit of analysis of the chromosome; chromatin 

reflects the general structure of the chromosome but is not 

unique to any particular chromosome. 

Nucleosome - simplest packaging structure of DNA that is 

found in all eukaryotic chromosomes; DNA is wrapped around 

an octamer of small basic proteins called histones; 146 bp is 

wrapped around the core and the remaining bases link to the 

next nucleosome; this structure causes negative supercoiling. 
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The nucleosome consists of about 200 bp wrapped 

around a histone octamer that contains two copies of histone 

proteins H2A, H2B, H3 and H4. These are known as the core 

histones. Histones are basic proteins that have an affinity for 

DNA and are the most abundant proteins associated with 

DNA. The amino acid sequence of these four histones is 

conserved suggesting a similar function for all. 

The length of DNA that is associated with the nucleosome unit 

varies between species. But regardless of the size, two DNA 

components are involved. Core DNA is the DNA that is 

actually associated with the histone octamer. This value is 

invariant and is 146 base pairs. The core DNA forms two loops 

around the octamer, and this permits two regions that are 80 

bp apart to be brought into close proximity. Thus, two 

sequences that are far apart can interact with the same 

regulatory protein to control gene expression. The DNA that is 

between each histone octamer is called the linker DNAand can 

vary in length from 8 to 114 base pairs. This variation is 

species specific, but variation in linker DNA length has also 

been associated with the developmental stage of the organism 

or specific regions of the genome. 

 

The next level of organization of the chromatin is the 30 nm 

fiber. This appears to be a solenoid structure with about 6 
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nucleosomes per turn. This gives a packing ratio of 40, which 

means that every 1 µm along the axis contains 40 µm of DNA. 

The stability of this structure requires the presence of the last 

member of the histone gene family, histone H1. Because 

experiments that strip H1 from chromatin maintain the 

nucleosome, but not the 30 nm structure, it was concluded that 

H1 is important for the stabilization of the 30 nm structure. 

The final level of packaging is characterized by the 700 

nm structure seen in the metaphase chromosome. The 

condensed piece of chromatin has a characteristic scaffolding 

structure that can be detected in metaphase chromosomes. 

This appears to be the result of extensive looping of the DNA 

in the chromosome. 

The last definitions that need to be presented 

areeuchromatin and heterochromatin. When chromosomes 

are stained with dyes, they appear to have alternating lightly 

and darkly stained regions. The lightly-stained regions are 

euchromatin and contain single-copy, genetically-active DNA. 

The darkly-stained regions are heterochromatin and contain 

repetitive sequences that are genetically inactive. 
 

THE END 
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