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II B.Sc., BIOCHEMISTRY 

Semester: III 

SECOND ALLIED COURSE – I (AC) BIOLOGY – I – 16SACBIO1 

 

Inst. Hours / Week: 4       Credits: 4 

OBJECTIVES 

The study of biology aims to increase understanding of living systems 

and to consider the systems in relationship to the self and other organisms in 

the natural environment. 

 

UNIT I 

Molecular Biology - Structure of atoms, molecules and chemical bonds. 

Composition, structure and functions of biomolecules: carbohydrates, 

proteins, lipids and nucleic acids. Stabilizing interactions: Vanderwaals, 

electrostatic, hydrogen bonding and hydrophobic interactions. 

 

UNIT II 

Cell Biology – Membrane: structure of membrane, lipid bilayer, osmosis, 

ion channels, and membrane pumps, active transport, electrical properties of 

membranes. 

 

UNIT III 

Cell Biology – Structure and function of cellular organelles – cell wall, 

nucleus, mitochondria, golgi bodies, lysosomes, endoplasmic reticulum, 

peroxisomes, plastids, vacuoles, chloroplast, chromosomes, chromatin, 

mitosis and meiosis and cell cycle. 
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UNIT IV 

Developmental Biology – Animal: Production of gametes, zygote formation, 

blastula, gastrula and formation of germ layers in animals, embryogenesis. 

Programmed cell death, ageing and senescence. 

 

UNIT V 

Developmental Biology – Plants: Double fertilization in plants, seed 

formation, germination, organization of shoot and root apical meristem, 

shoot and root development, flowering. 
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Atoms and Molecules 

Most of the Universe consists of matter and energy. Energy is the 

capacity to do work. The matter has mass and occupies space. All matter is 

composed of basic elements that cannot be broken down into substances 

with different chemical or physical properties. 

Elements are substances consisting of one type of atom, for example, 

Carbon atoms make up the diamond, and also graphite. Pure (24K) gold is 

composed of only one type of atom, gold atoms. Atoms are the smallest 

particle into which an element can be divided.  

Structure of Atoms and Molecules 

The ancient Greek philosophers developed the concept of the atom, 

although they considered it the fundamental particle that could not be broken 

down. Since the work of Enrico Fermi and his colleagues, we now know that 

the atom is divisible, often releasing tremendous energies as in nuclear 

explosions or (in a controlled fashion) thermonuclear power plants. 

UNIT I 

Molecular Biology - Structure of atoms, molecules and chemical bonds. 

Composition, structure and functions of biomolecules: carbohydrates, 

proteins, lipids and nucleic acids. Stabilizing interactions: Vanderwaals, 

electrostatic, hydrogen bonding and hydrophobic interactions. 

 



 6 

This structure of atoms and molecules unit explains the basic part of 

atoms and molecules. Subatomic particles were discovered during the 1800s. 

For our purposes, we will concentrate only on three of them, summarized in 

Table 1. 

Table 1. Subatomic particles of use in biology. 

Name Charge Location Mass 

Proton +1 atomic nucleus 1.6726 X 10-27 kg 

Neutron  atomic nucleus 1.6750 X 10-27 kg 

Electron -1 electron orbital 9.1095 X 10-31 kg 

 

The proton is located at the canter (or nucleus) of an atom, each atom has at 

least one proton. 

• Protons have a charge of +1, and a mass of approximately 1 atomic 

mass unit (AMU). Elements differ from each other in the number of 

protons they have, e.g. Hydrogen has 1 proton; Helium has 2. 

• The neutron also is located in the atomic nucleus (except in 

Hydrogen). The neutron has no charge and a mass of slightly over 1 

amu. Some scientists propose the neutron is made up of a proton and 

electron-like particle. 
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• The electron is a very small particle located outside the nucleus. 

Because they move at speeds near the speed of light the precise 

location of electrons is hard to pin down. Electrons occupy orbitals or 

areas where they have a high statistical probability of occurring. The 

charge on an electron is -1. Its mass is negligible (approximately 1800 

electrons are needed to equal the mass of one proton). 

• The atomic number is the number of protons an atom has. It is 

characteristic and unique for each element. 

• The atomic mass (also referred to as the atomic weight) is the number 

of protons and neutrons in an atom. 

• Atoms of an element that have differing numbers of neutrons (but a 

constant atomic number) are termed isotopes. 

 

Biochemical pathways can be deciphered by using isotopic tracers. 

The age of fossils and artifacts can be determined by using radioactive 

isotopes, either directly on the fossil (if it is young enough) or on the rocks 

that surround the fossil (for older fossils like dinosaurs). 
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Figure 1. Note that each of these isotopes of hydrogen has only one 

proton. Isotopes differ from each other in the number of neutrons, not 

in the number of protons. 

Isotopes are also the source of radiation used in medical diagnostic 

and treatment procedures. Some isotopes are radioisotopes, which 

spontaneously decay, releasing radioactivity. Other isotopes are stable. 

Examples of radioisotopes are Carbon-14 (symbol 14C), and deuterium 

(also known as Hydrogen-2; 2H). Stable isotopes are 12C and 1H. 
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Figure 2. Carbon has three isotopes, of which carbon-12 and carbon-14 

are the most well known. 

 

Electrons and energy 

Electrons, because they move so fast (approximately at the speed of 

light), seem to straddle the fence separating energy from matter. 

Albert Einstein developed his famous E=mc2 equation relating matter 

and energy over a century ago. Because of his (and others) work, we think of 

electrons both as particles of matter (having mass is a property of matter) 

and as units (or quanta) of energy. When subjected to energy, electrons will 

acquire some of that energy.  

An orbital is also an area of space in which an electron will be found 

90% of the time. Orbital have a variety of shapes. Each orbital has a 

characteristic energy state and a characteristic shape. 
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The s orbital is spherical. Since each orbital can hold a maximum of two 

electrons, atomic numbers above 2 must fill the other orbital. 

The px, py, and pz orbital are dumbbell-shaped, along with the x, y, and 

z-axis respectively. These orbital shapes are shown in Figure 5. 

Energy levels (also referred to as electron shells) are located a certain 

“distance” from the nucleus. The major energy levels into which electrons fit 

are (from the nucleus outward) K, L, M, and N. 

Sometimes these are numbered, with electron configurations being: 

1s22s22p1, (where the first shell K is indicated with the number 1, the second 

shell L with the number 2, etc.). 

This nomenclature tells us that for the atom mentioned in this 

paragraph, the first energy level (shell) has two electrons in its s orbital (the 

only orbital it can have), and second energy level has a maximum of two 

electrons in its s orbital, plus one electron in its p orbital. 

Molecule 

A molecule is in general a group of two or more atoms that are 

chemically bonded together, which is, tightly held together by attractive 

forces. A molecule can be defined as the smallest particle of an element or a 

compound that is capable of an independent existence and shows all the 

properties of that substance. Atoms of the same element or of different 

elements can join together to form molecules. 

Molecules of Elements  

The molecules of an element are constituted by the same type of 

atoms. Molecules of many elements, such as argon (Ar), helium (He) etc. are 

made up of only one atom of that element. But this is not the case with most 
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of the nonmetals. For example, a molecule of oxygen consists of two atoms 

of oxygen and hence it is known as a diatomic molecule, O2 . If 3 atoms of 

oxygen unite into a molecule, instead of the usual 2, we get ozone. The 

number of atoms constituting a molecule is known as its atomicity. Metals 

and some other elements, such as carbon, do not have a simple structure but 

consist of a very large and indefinite number of atoms bonded together. Let 

us look at the atomicity of some non-metals.  

Table 3.3 : Atomicity of some elements 

Type of Element Name Atomicity 

Non-Metal Argon  

Helium  

Oxygen  

Hydrogen  

Nitrogen  

Chlorine  

Phosphorus  

Sulphur 

Monoatomic 

Monoatomic 

Diatomic 

Diatomic 

Diatomic 

Diatomic 

Tetra-atomic 

Poly - atomic 

 

Molecules of Compounds 

Atoms of different elements join together in definite proportions to 

form molecules of compounds. Few examples are given in Table 3.4. 
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Table 3.4 : Molecules of some compounds 

Compound Combining Elements Ratio by Mass 

Water 

Ammonia 

Carbon dioxide 

Hydrogen, Oxygen 

Nitrogen, Hydrogen 

Carbon, Oxygen  

1:8 

14:3 

3:8 

 

Refer to Table 3.4 for ratio by mass of atoms present in molecules and Table 

3.2 for atomic masses of elements. Find the ratio by number of the atoms of 

elements in the molecules of compounds given in Table 3.4. 

The ratio by number of atoms for a water molecule can be found as follows: 

Element 
Ratio by 

Mass 

Atomic 

Mass (U) 

Mass ratio/ 

atomic mass 

Simplest 

ratio 

H 1 1 1 2 

O 8 16 1/2 1 

 

Chemical Bonding 

During the nineteenth century, chemists arranged the then-known 

elements according to chemical bonding, recognizing that one group (the 

furthermost right column on the Periodic Table, referred to as the Inert 
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Gases or Noble Gases) tended to occur in elemental form (in other words, 

not in a molecule with other elements). It was later determined that this 

group had outer electron shells containing two (as in the case of Helium) or 

eight (Neon, Xenon, Radon, Krypton, etc.) electrons. 

As a general rule, for the atoms we are likely to encounter in 

biological systems, atoms tend to gain or lose their outer electrons to achieve 

a Noble Gas outer electron shell configuration of two or eight electrons. 

 

Figure 1. Atomic diagrams illustrating the filling of the outer electron 

shells 

The number of electrons that are gained or lost is characteristic for 

each element and ultimately determines the number and types of chemical 

bonds atoms of that element can form. Atomic diagrams for several atoms 

are shown in Figure 1. 
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Chemical Bonding and its types 

There are four types of chemical bonding 

1. Ionic Bonds 

Ionic bonds are formed when atoms become ions by gaining or losing 

electrons. Chlorine is a group of elements having seven electrons in their 

outer shells (see Figure 1). Members of this group tend to gain one electron, 

acquiring a charge of -1. Sodium is in another group with elements having 

one electron in their outer shells. 

• Van der Waals Forces: Special Intermolecular forces 

• Structure of Atoms and Molecules 

Members of this group tend to lose that outer electron, acquiring a charge of 

+1. 

Oppositely charged ions are attracted to each other, thus Cl– (the 

symbolic representation of the chloride ion) and Na+ (the symbol for the 

sodium ion, using the Greek word natrium) form an ionic bond, becoming 

the molecule sodium chloride, shown in Figure 2. Ionic bonds generally 

form between elements in Group I (having one electron in their outer shell) 

and Group VIIa (having seven electrons in their outer shell). 

Such bonds are relatively weak and tend to disassociate in water, 

producing solutions that have both Na and Cl ions. 

https://www.golifescience.com/van-der-waals-forces/
https://www.golifescience.com/structure-of-atoms-and-molecules/
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Figure 2: TOP: Formation of a crystal of sodium chloride. Each 

positively charged sodium ion is surrounded by six negatively charged 

chloride ions; likewise each negatively charged chloride ion is 

surrounded by six positively charged sodium ions. The overall effect is 

electrical neutrality. 

Covalent bonds form when atoms share electrons. Since electrons 

move very fast they can be shared, effectively filling or emptying the outer 

shells of the atoms involved in the bond. Such bonds are referred to as 

electron-sharing bonds. An analogy can be made to child custody: the 

children are like electrons and tend to spend some time with one parent and 

the rest of their time with the other parent. 

In a covalent bond, the electron clouds surrounding the atomic nuclei 

overlap, as shown in Figure 3. 
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Figure 3. Formation of a covalent bond (Chemical Bonding) between 

two Hydrogen atoms 

Carbon (C) is in Group IVa, meaning it has four electrons in its outer 

shell. Thus to become a “happy atom”, Carbon can either gain or lose four 

electrons. 

By sharing the electrons with other atoms, Carbon can become a 

happy atom, alternately filling and empty its outer shell, as with the four 

hydrogens shown in Figure 4. 
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Figure 4. Formation of covalent bonds (Chemical Bonding) in methane. 

Carbon needs to share four electrons, in effect it has four slots. Each 

hydrogen provides an electron to each of these slots. At the same time 

each hydrogen needs to fill one slot, which is done by sharing an 

electron with the carbon. 

• The molecule methane (chemical formula CH4) has four covalent 

bonds, one between Carbon and each of the four Hydrogen. Carbon 

contributes an electron, and Hydrogen contributes an electron. 

• The sharing of a single electron pair is termed a single bond. When 

two pairs of electrons are shared, double bond results, as in carbon 

dioxide. 

• Triple bonds are known, wherein three pairs (six electrons total) are 

shared as in acetylene gas or nitrogen gas. 
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• Sometimes electrons tend to spend more time with one atom in the 

bond than with the other. In such cases, a polar covalent bond 

develops. Water (H2O) is an example. 

• Since the electrons spend so much time with the oxygen (oxygen 

having a greater electronegativity or electron affinity) that end of the 

molecule acquires a slightly negative charge. 

• Conversely, the loss of the electrons from the hydrogen end leaves a 

slightly positive charge. The water molecule is thus polar, having 

positive and negative sides. 

2. Hydrogen Bonds 

Hydrogen bonds are one of the types of chemical bonding, as shown 

in Figure 6, result from the weak electrical attraction between the positive 

end of one molecule and the negative end of another. 

 

 

Figure 6: TOP: Formation of a hydrogen bond between the hydrogen 

side of one water molecule and the oxygen side of another water 

molecule. 

https://www.golifescience.com/hydrogen-bonding/
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The presence of polar areas in the amino acids that make up a protein 

allows for hydrogen bonds to form, giving the molecule a three-dimensional 

shape that is often vital to that protein’s proper functioning. 

Individually these bonds are very weak, although taken in a large 

enough quantity; the result is strong enough to hold molecules together or in 

a three-dimensional shape. 

Chemical reactions and its molecules 

Those atoms are held together usually by one of the three types of 

chemical bonds discussed above. For example water, glucose, ATP. 

Mixtures are compounds with variable formulas/ratios of their components. 

For example soil. Molecular formulas are an expression in the simplest 

whole-number terms of the composition of a substance. 
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For example, the sugar glucose has 6 Carbons, 12 hydrogens, and 6 

oxygens per repeating structural unit. The formula is written C6H12O6. 

 

 

Figure 7:  Determination of molecular weights by the addition of the 

weights of the atoms that make up the molecule. 

 

Chemical bonding Notes: Molecules are compounds in which the elements 

are indefinite, fixed ratios, as seen in Figure 7. 

Chemical reactions occur in nature, and some also can be performed 

in a laboratory setting. One such reaction is diagrammed in Figure 8. 

Chemical equations are linear representations of how these reactions occur. 

Combination reactions occur when two separate reactants are bonded 

together, 
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Figure 8. Diagram of a chemical reaction: the combustion of propane 

with oxygen, resulting in carbon dioxide, water, and energy (as heat and 

light). This chemical reaction takes place in a camping stove as well as in 

certain welding torches. 

e.g.   A + B —–> AB. 

Disassociation reactions occur when a compound is broken into two 

products, 

e.g. AB —–> A + B. 

Biological systems, while unique to each species, are based on the chemical 

bonding properties of carbon. 

Major organic chemicals (those associated with or formed by the 

actions of living things) usually include some ratios of the following 

elements: C, H, N, O, P, S. 
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Structure of Biomolecules 

Carbohydrates  

The carbohydrates are an important class of naturally occurring 

organic compounds These include glucose (grape sugar), fructose (Honey 

sugar), Sucrose (Cane sugar), Starch and cellulose (wood).  They are all 

composed of C, H and O. In general, carbohydrates can be represented by 

the formula Cm(H2O)n. 

Thus glucose, C6H12O6 can be written as C(H2O)6. It was a french who 

gave them the class name Carbohydrates (carbon-Hydrates).  

Carbohydrates are often referred to as Saccharides (Latin, Saccharum = 

sugar) because of the sweet taste of the simpler members of the class, 

the sugars. 

Carbohydrates 

The carbohydrates are polyfunctional compounds. They contain the 

following functional groups. 

1. Alcoholic hydroxy groups, -OH 

2. Aldehyde group -CHO 

3. Ketone group, -CO- 

A precise definition of the term ‘Carbohydrate’ can be given 

as Polyhydroxyaldehydes or polyhydroxy ketones, and large molecules 

that produce these compounds on hydrolysis. This may be illustrated by 

citing the example of the two simplest carbohydrates containing three carbon 

atoms. 

 

 



 23 

 

Classification of Carbohydrates 

The carbohydrates are divided into three major classes depending on 

the number of simple sugar units present in their molecule. In other words, 

the basis of classification of carbohydrates will be the number of simple 

sugar molecules produced on hydrolysis. The molecules so obtained may be 

of the same or different sugars. 

1. Monosaccharides 

2. Oligosaccharides 

3. Polysaccharides 
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Types of  Carbohydrate Common Foods Uses by Humans 

Monosaccharides 

Glucose, Galactose, 

Fructose 

Cereal grains and 

pasta, vegetables, 

fruits, and fruit juices, 

nuts and seeds 

Fructose is a sugar found in 

Fruits. 

  

All these are simple sugars 

which are easily digested by the 

body and a ready source of 

energy 

Disaccharides 

Sucrose, Lactose and 

MAltose 

Table sugar, Cane 

sugar, beer sugar, 

milk sugar 

Sucrose is a source of fuel for 

our bodies and it adds flavor. 

 

Maltose can be found in high 

maltose corn syrup which is the 

main sweetener of processed 

foods. 

Lactose found in milk provides 

energy for your body. 

Polysaccharides 

Starches, Glycogen and 

Cellulose 

Potatoes, Sweet 

potatoes, corn, 

cornflakes, plant 

material 

Cellulose aids in digestion even 

though it can’t be digested. It is 

good for bulk. 

  

Starches provide the body with 



 25 

energy 

Glycogen is needed as fuel for 

the muscles of humans and 

animals. 

 

Monosaccharides 

These are simple sugars. The monosaccharides are single unit 

carbohydrates (polyhydroxy aldehydes or polyhydroxy ketones) that cannot 

be broken into simpler carbohydrates upon hydrolysis. Glucose and fructose 

are examples. 

 

Further classification of Monosaccharides 

The monosaccharides are again classified on the basis of two factors. 

1. By the carbonyl function: Those containing the aldehyde function, (-

CHO) are called Aldoses. Other containing the keto group (-CO-) are 

called Ketoses. 

2. By the number of carbon atoms (3 to 8) in the molecule: The 

monosaccharides containing 3,4,5,6 etc., carbon atoms are designated 

as trioses, tetroses, pentoses, hexoses and so on. 

The Sub-classes of monosaccharides based on the above factors are listed 

below. 

Glucose (C6H12O6)  +  H2O    →     No reaction 

+ C6H12O6 (Galactose) 
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No. of carbons in 

monosaccharides 
Aldoses Ketoses 

3 Aldotriose Ketotriose 

4 Aldotetrose Ketotetrose 

5 Aldopentose Ketopentose 

6 Aldohexose Ketohexose 

7 Aldoheptose Ketoheptose 

 

Sugars and Non-Sugars 

The monosaccharides and oligosaccharides are soluble crystalline 

substances having a sweet taste. They are collectively known as Sugars. 

Polysaccharides, on the other hand, are insoluble amorphous substances and 

are called Non-Sugars. 

S.No. Reducing Sugar Non-Reducing sugar 

1 

Carbohydrates with a free 

aldehyde (at C-1) or a free 

ketone (at C-2) group 

Aldehyde or ketone is not free in 

these sugars. But it is utilized in the 

bond formation 

2 
They are in hemiacetal or 

hemiketal form 
They are in acetal or ketal form 

3 It shows mutarotation It does not show any mutarotation 

4 
Do form Osazone with 

phenylhydrazine 
Do not form any osazones 
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5 
Do form oximes with 

hydroxylamine 
Do not form oximes 

 

Oligosaccharides 

These are made of 2 to 10 units of monosaccharides or simple sugars. 

The oligosaccharides containing two monosaccharide units are 

called Disaccharides, and those containing three units Trisaccharides. 

Thus sucrose (C12H22O11) is a disaccharide because on hydrolysis it gives 

one molecule of glucose plus one molecule of fructose. 

 

Figure 4. Formation of a disaccharide (top) by condensation and 

structure of two common disaccharides 
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On the other hand, raffinose produces three simple sugars on hydrolysis and 

is designated as trisaccharide. 

 

Polysaccharides 

Polysaccharides are polymeric carbohydrate molecule composed of 

long chains of monosaccharide units bound together by glycosidic linkages 

and o hydrolysis give the constituent monosaccharides or oligosaccharides. 

They range in structure from linear to highly branched. Examples include 

storage polysaccharides such as starch and glycogen and Structural 

polysaccharides such as Cellulose and Chitin. 

They contain more than ten monosaccharide units in the molecule. 

Thus one molecule of starch or cellulose upon hydrolysis yields a very large 

number (n) of glucose units. 

 

Sucrose (C12H22O11)  +  H2O    →     C6H12O6 (Glucose)  + C6H12O6 (Fructose) 

 

Raffinose (C18H32O16)  +  2H2O    →     C6H12O6 (Glucose)  + C6H12O6 (Fructose)  

+ C6H12O6 (Galactose) 

 

Starch (C6H10O5)n  +  H2O    →     nC6H12O6 (Glucose) 

+ C6H12O6 (Galactose) 
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Homopolysaccharides: 
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Heteropolysaccharides: 

On hydrolysis, it gives a mixture of monosaccharides. They are 

numerous in both plants and animals. These are also having not only simple 

sugars. They are mix with derivatives of sugars (such as amino sugars and 

uronic sugars). 

• These are gelatinous substances with a high molecular weight 

• These act as Cell supportive materials 

• They serve as lubricant material 

Functions of Carbohydrates 

1. One of the primary functions of carbohydrates is to provide your body 

with energy. Your cells convert carbohydrates into the fuel molecule 

ATP through a process called cellular respiration. 

2. Your body can transform extra carbohydrates into stored energy in the 

form of glycogen. Several hundred grams can be stored in your liver 

and muscles. 

3. During periods of starvation when carbohydrates aren’t available, the 

body can convert amino acids from muscle into glucose to provide the 

brain with energy. Consuming at least some carbs can prevent muscle 

breakdown in this scenario. 

4. Fiber is a type of carbohydrate that promotes good digestive health by 

reducing constipation and lowering the risk of digestive tract diseases. 

5. Excess refined carbohydrates can increase the risk of heart disease and 

diabetes. Fiber is a type of carbohydrate that is associated with 

reduced “bad” LDL cholesterol levels, a lower risk of heart disease 

and increased glycemic control. 
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6. The body has alternative ways to provide energy and preserve muscle 

during starvation or very low-carbohydrate diets. 

Lipids 

Lipids are involved mainly in long-term energy storage. They are 

generally insoluble in polar substances such as water. Secondary functions 

of lipids include structural components (as in the case of phospholipids that 

are the major building block in cell membranes) and “messengers” 

(hormones) that play roles in communications within and between cells. 

Lipids are composed of three fatty acids (usually) covalently bonded to a 3-

carbon glycerol. The fatty acids are composed of CH2 units and are 

hydrophobic/not water soluble. 

 

Fatty acids can be saturated (meaning they have as many hydrogens 

bonded to their carbons as possible) or unsaturated (with one or more double 
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bonds connecting their carbons, hence fewer hydrogens). A fat is solid at 

room temperature, while oil is a liquid under the same conditions. The fatty 

acids in oils are mostly unsaturated, while those in fats are mostly 

saturated. Some examples of fatty acids are shown in Figure 1. 

Figure 1. Saturated (A and B) and unsaturated (C) fatty acids. The term 

saturated refers to the “saturation” of the molecule by hydrogen atoms. 

The presence of a double C=C covalent bond reduces the number of 

hydrogens that can bond to the carbon chain, hence the application of term 

“unsaturated”. 

Diets are attempts to reduce the number of fats present in specialized 

cells known as adipose cells that accumulate in certain areas of the human 

body. By restricting the intakes of carbohydrates and fats, the body is forced 

to draw on its own stores to make up the energy debt. The body responds to 
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this by lowering its metabolic rate, often resulting in a drop of “energy 

level.” Successful diets usually involve three things: decreasing the amounts 

of carbohydrates and fats; exercise; and behaviour modification.Fats and oils 

function in long-term energy storage. Animals convert excess sugars 

(beyond their glycogen storage capacities) into fats. Most plants store 

excess sugars as starch, although some seeds and fruits have energy stored as 

oils (e.g. corn oil, peanut oil, palm oil, canola oil, and sunflower oil). Fats 

yield 9.3 Kcal/gm, while carbohydrates yield 3.79 Kcal/gm. Fats thus store 

six times as much energy as glycogen. 

Another use of fats is as insulators and cushions. The human body 

naturally accumulates some fats in the “posterior” area. Subdermal (“under 

the skin”) fat plays a role in insulation. 

 

Lipids – Phospholipids 

Phospholipids and glycolipids are important structural components of 

cell membranes. Phospholipids, shown in Figure 2, are modified so that a 

phosphate group (PO4
–) is added to one of the fatty acids. The addition of 

this group makes a polar “head” and two nonpolar “tails”. Waxes are an 

important structural component for many organisms, such as the cuticle, a 

waxy layer covering the leaves and stems of many land plants; and 

protective coverings on skin and fur of animals. 
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Cholesterol and steroids 

Most mention of these two types of lipids in the news is usually 

negative. Cholesterol, illustrated in Figure 3, has many biological uses, it 

occurs in cell membranes, and its forms the sheath of some types of nerve 

cells. However, excess cholesterol in the blood has been linked to 

atherosclerosis, hardening of the arteries. Recent studies suggest a link 

between arterial plaque deposits of cholesterol, antibodies to the pneumonia-

causing form of Chlamydia, and heart attacks. The plaque increases blood 

pressure, much the way blockages in plumbing cause burst pipes in old 

houses. 
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Lipid Biological Functions 

Lipids are synthesized in the body using complex biosynthetic 

pathways. However, there are some lipids that are considered essential and 

need to be supplemented in diet. 

 

Role of lipids in the body 

Lipids have several roles in the body, these include acting as chemical 

messengers, storage and provision of energy and so forth. 

Chemical messengers 

All multicellular organisms use chemical messengers to send 

information between organelles and to other cells. Since lipids are small 

molecules insoluble in water, they are excellent candidates for signalling. 
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The signalling molecules further attach to the receptors on the cell surface 

and bring about a change that leads to an action. 

The signalling lipids, in their esterified form can infiltrate membranes 

and are transported to carry signals to other cells. These may bind to certain 

proteins as well and are inactive until they reach the site of action and 

encounter the appropriate receptor. 

Storage and provision of energy 

Storage lipids are triacylglycerols. These are inert and made up of 

three fatty acids and a glycerol. 

Fatty acids in non esterified form, i.e. as free (unesterified) fatty acids 

are released from triacylglycerols during fasting to provide a source of 

energy and to form the structural components for cells. 

Dietary fatty acids of short and medium chain size are not esterified 

but are oxidized rapidly in tissues as a source of ‘fuel”. 

Longer chain fatty acids are esterified first to triacylglycerols or 

structural lipids. 

Maintenance of temperature 

Layers of subcutaneous fat under the skin also help in insulation and 

protection from cold. Maintenance of body temperature is mainly done by 

brown fat as opposed to white fat. Babies have a higher concentration of 

brown fat. 
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Membrane lipid layer formation 

Linoleic and linolenic acids are essential fatty acids. These form 

arachidonic, eicosapentaenoic and docosahexaenoic acids. These for 

membrane lipids. 

Membrane lipids are made of polyunsaturated fatty acids. 

Polyunsaturated fatty acids are important as constituents of the 

phospholipids, where they appear to confer several important properties to 

the membranes. One of the most important properties are fluidity and 

flexibility of the membrane. 

Cholesterol formation 

Much of the cholesterol is located in cell membranes. It also occurs in 

blood in free form as plasma lipoproteins. Lipoproteins are complex 

aggregates of lipids and proteins that make travel of lipids in a watery or 

aqueous solution possible and enable their transport throughout the body. 

The main groups are classified as chylomicrons (CM), very low 

density lipoproteins (VLDL), low density lipoproteins (LDL) and high 

density lipoproteins (HDL), based on the relative densities 

Cholesterol maintains the fluidity of membranes by interacting with 

their complex lipid components, specifically the phospholipids such as 

phosphatidylcholine and sphingomyelin. Cholesterol also is the precursor of 

bile acids, vitamin D and steroidal hormones. 
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Prostaglandin formation and role in inflammation 

The essential fatty acids, linoleic and linolenic acids are precursors of 

many different types of eicosanoids, including the hydroxyeicosatetraenes, 

prostanoids (prostaglandins, thromboxanes and prostacyclins), leukotrienes 

(and lipoxins) and resolvins etc. these play an important role in pain, fever, 

inflammation and blood clotting. 

The "fat-soluble" vitamins 

The "fat-soluble" vitamins (A, D, E and K) are essential nutrients with 

numerous functions. 

Acyl-carnitines transport and metabolize fatty acids in and out of 

mitochondria. 

Polyprenols and their phosphorylated derivatives help on transport of 

molecules across membranes. 

Cardiolipins are a subtype of glycerophospholipids with four acyl 

chains and three glycerol groups. They activate enzymes involved with 

oxidative phosphorylation. 

Proteins  

Proteins are very important in biological systems as control and 

structural elements. Control functions of proteins are carried out by enzymes 

and proteinaceous hormones. Enzymes are chemicals that act as organic 

catalysts (a catalyst is a chemical that promotes but is not changed by a 

chemical reaction). 
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Proteins Basic Units: 

The building block of any protein is the amino acid, which has an 

amino end (-NH2) and a carboxyl end (-COOH). The structure of a 

generalized amino acid as well as the specific structures of the 20 biological 

amino acids are shown in Figure 1 and 2 respectively. 

 

 

The R indicates the variable component (R-group) of each amino 

acid. Alanine and Valine, for example, are both nonpolar amino 

acids, but they differ, as do all amino acids, by the composition of their R-

groups. All living things (and even viruses) use various combinations of the 

same twenty amino acids. A very powerful bit of evidence for the 

phylogenetic connection of all living things. 
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Figure 1. Structures in the R-groups of the twenty amino acids found in 

all living things 

Proteins and their Organization: 

Amino acids are linked together into a polypeptide, the primary 

structure in the organization of proteins. The primary structure of a protein is 

the sequence of amino acids, which is directly related to the sequence of 

information in the RNA molecule, which in turn is a copy of the information 

in the DNA molecule. 

Changes in the primary structure can alter the proper functioning of 

the protein. Protein function is usually tied to their three-dimensional 

structure. 
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The primary structure is the sequence of amino acids in a polypeptide. 

The secondary structure is the tendency of the polypeptide to coil or pleat 

due to H-bonding between R-groups. The tertiary structure is controlled by 

bonding (or in some cases repulsion) between R-groups. 

Tertiary structure of an HIV protein and its similarity to gamma 

interferon are shown in Figure 4. Many proteins, such as hemoglobin, are 

formed from one or more polypeptides. Such structure is 

termed Quaternary structure. 

Structural proteins, such as collagen, have regular repeated primary 

structures. Like the structural carbohydrates, the components determine the 

final shape and ultimately function. 

• Collagens have a variety of functions in living things, such as the 

tendons, hide, and corneas of a cow. 

• Keratin is another structural protein. It is found in fingernails, 

feathers, hair, and rhinoceros horns. 

• Microtubules, important in cell division and structures of flagella and 

cilia (among other things), are composed of globular structural 

proteins. 
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Figure 2. HIV p17 protein and similarities of its structure to gamma 

interferon. 

Important Functions of Protein in Your Body 

• Protein is required for the growth and maintenance of tissues. Your 

body’s protein needs are dependent upon your health and activity 

level. 

• Enzymes are proteins that allow key chemical reactions to take place 

within your body. 
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• Amino acid chains of various lengths form protein and peptides, 

which make up several of your body’s hormones and transmit 

information between your cells, tissues and organs. 

• A class of proteins known as fibrous proteins provide various parts of 

your body with structure, strength and elasticity. 

• Proteins act as a buffer system, helping your body maintain proper pH 

values of the blood and other bodily fluids. 

• Proteins in your blood maintain the fluid balance between your blood 

and the surrounding tissues. 

• Proteins form antibodies to protect your body from foreign invaders, 

such as disease-causing bacteria and viruses. 

• Some proteins transport nutrients throughout your entire body, while 

others store them. 

• Protein can serve as a valuable energy source but only in situations of 

fasting, exhaustive exercise or inadequate calorie intake. 

 

Nucleic Acids: Basics and Types 

           Nucleic acids are polymers composed of monomer units known as 

nucleotides. There are a very few different types of nucleotides. The main 

functions of nucleotides are information storage (DNA), protein synthesis 

(RNA), and energy transfers (ATP and NAD). Nucleotides, shown in Figure 

1, consist of a sugar, a nitrogenous base, and a phosphate. 

 

The sugars are either ribose or deoxyribose. They differ by the lack of 

one oxygen in deoxyribose. Both are pentoses usually in a ring form. There 

are five nitrogenous bases. Purines (Adenine and Guanine) are double-ring 
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structures, while pyrimidines (Cytosine, Thymine and Uracil) are single-

ringed. This is the basic structure of nucleic acids. 

 

Figure 1. Structure of two types of nucleotides 

 

Deoxyribonucleic acid (better known as DNA) is the physical carrier 

of inheritance for 99% of living organisms. 

 

 

Figure 2. Structure of a segment of a DNA double helix. 
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Types of Nucleic Acids 

Deoxyribonucleic Acids (DNA) 

DNA functions in information storage. The English alphabet has 26 

letters that can be variously combined to form over 50,000 words. DNA has 

four letters (C, G, A, and T, the nitrogenous bases) that code for twenty 

words (the twenty amino acids found in all living things) that can make an 

infinite variety of sentences (polypeptides). Changes in the sequences of 

these bases information can alter the meaning of a sentence. 

For example take the sentence: I saw Elvis. This implies certain knowledge 

(that I’ve been out in the sun too long without a hat, etc.). 

If we alter the sentence by inserting the middle word, we get: I was 

Elvis (thank you, thank you very much). Now we have greatly altered the 

information. 

A third alteration will change the meaning: I was Levis. Clearly, the 

original sentence’s meaning is now greatly changed. 

Changes in DNA information will be translated into changes in the 

primary structure of a polypeptide, and from there to the secondary and 

tertiary structures. 

Mutation: 

A mutation is any change in the DNA base sequence. Most mutations 

are harmful, few are neutral, and a very few are beneficial and contribute the 

organism’s reproductive success. Mutations are the wellspring of variation, 

variation is central to Darwin and Wallace’s theory of evolution by natural 

selection. 
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Ribonucleic Acids (RNA) 

Ribonucleic acid (RNA), shown in Figure 3 was discovered after 

DNA. DNA, with exceptions in chloroplasts and mitochondria, is restricted 

to the nucleus (in eukaryotes, the nucleoid region in prokaryotes). RNA 

occurs in the nucleus as well as in the cytoplasm (also remember that it 

occurs as part of the ribosomes that line the rough endoplasmic reticulum). 

There are three types of RNA: 

• Messenger RNA (mRNA) is the blueprint for the construction of a 

protein. 

• Ribosomal RNA (rRNA) is the construction site where the protein is 

made. 

• Transfer RNA (tRNA) is the truck delivering the proper amino acid 

to the site at the right time. 
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Figure 3: Structure of the RNA molecule 

 

Adenosine triphosphate, better known as ATP (Figure 4), the energy 

currency or coin of the cell, transfers energy from chemical bonds to 

endergonic (energy absorbing) reactions within the cell. Structurally, ATP 

consists of the adenine nucleotide (ribose sugar, adenine base, and a 

phosphate group, PO4
-2) plus two other phosphate groups. 

Energy is stored in the covalent bonds between phosphates, with the 

greatest amount of energy (approximately 7 kcal/mole) in the bond between 

the second and third phosphate groups. This covalent bond is known as a 

pyrophosphate bond. 
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Functions of nucleic acids 

The functions of nucleic acids have to do with the storage and 

expression of genetic information. Deoxyribonucleic acid (DNA) encodes 

the information the cell needs to make proteins. A related type of nucleic 

acid, called ribonucleic acid (RNA), comes in different molecular forms that 

participate in protein synthesis. 

 

Stabilizing interactions 

Van der Waals Forces : Special Intermolecular forces 

Van der Waals forces’ is a general term used to define the attraction 

of intermolecular forces between molecules. There are two kinds of Van der 

Waals forces: weak London Dispersion Forces and stronger dipole-dipole 

forces. 

The chance that an electron of an atom is in a certain area in the 

electron cloud at a specific time is called the “electron charge density“. 

Since there is no way of knowing exactly where the electron is located and 

since they do not all stay in the same area 100 percent of the time, if the 

electrons all go to the same area at once, a dipole is formed momentarily. 

Even if a molecule is nonpolar, this displacement of electrons causes a 

nonpolar molecule to become polar for a moment. 

Van der Waals forces, relatively weak electric forces that attract 

neutral molecules to one another in gases, in liquefied and solidified gases, 

and in almost all organic liquids and solids. The forces are named after the 

Dutch physicist Johannes van der Waals, who in 1873 first postulated 

these intermolecular forces in developing a theory to account for the 

properties of real gases. Solids that are held together by van der Waals 
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forces characteristically have lower melting points and are softer than those 

held together by the stronger ionic, covalent, and metallic bonds. 

Since the molecule is polar, this means that all the electrons are 

concentrated at one end and the molecule is partially negatively charged on 

that end. This negative end makes the surrounding molecules have an 

instantaneous dipole also, attracting the surrounding molecules’ positive 

ends. This process is known as the London Dispersion Force of attraction. 

The ability of a molecule to become polar and displace its electrons is 

known as the molecule’s “polarizability.” The more electrons a molecule 

contains, the higher its ability to become polar. Polarizability of Van der 

Waals Forces increases in the periodic table from the top of a group to the 

bottom and from right to left within periods. This is because the higher the 

molecular mass, the more electrons an atom has. With more electrons, the 

outer electrons are easily displaced because the inner electrons shield the 

nucleus’ positive charge from the outer electrons which would normally 

keep them close to the nucleus. 

When the molecules become polar, the melting and boiling points are 

raised because it takes more heat and energy to break these bonds. 

Therefore, the greater the mass, the more electrons present, and the more 

electrons present, the higher the melting and boiling points of these 

substances. 

London dispersion forces are stronger in those molecules that are 

not compact, but long chains of elements. This is because it is easier to 

displace the electrons because the forces of attraction between the electrons 

https://www.golifescience.com/chemical-bonding/
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and protons in the nucleus are weaker. The more readily displacement of 

electrons means the molecule is also more “polarizable.” 

  

Dipole-Dipole Forces 

These forces are similar to London Dispersion forces, but they occur 

in molecules that are permanently polar versus momentarily polar. In this 

type of intermolecular interaction, a polar molecule such as water or H2O 

attracts the positive end of another polar molecule with the negative end of 

its dipole. The attraction between these two molecules is the dipole-

dipole force. 

  

Van der Waals Forces – Van der Waals Equation 

Van der Waals equation is required for special cases, such as non-

ideal (real) gases, which is used to calculate an actual value. The equation 

consists of: 

(P+n2aV2)(V−nb)=nRT 

The V in the formula refers to the volume of gas, in moles n. The 

intermolecular forces of attraction are incorporated into the equation with 

the n2aV2 term where a is a specific value of a particular gas. P represents 

the pressure measured, which is expected to be lower than in usual cases.  

The variable b expresses the eliminated volume per mole, which 

accounts for the volume of gas molecules and is also a value of a particular 

gas. R is a known constant, 0.08206 L atm mol-1 K-1, and T stands for 
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temperature. 
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Additional Information on Van der Waals forces 

Van der Waals forces may arise from three sources. 

• First, the molecules of some materials, although electrically neutral, 

may be permanent electric dipoles. Because of fixed distortion in the 

distribution of electric charge in the very structure of some molecules, 

one side of a molecule is always somewhat positive and the opposite 

side somewhat negative. The tendency of such permanent dipoles to 

align with each other results in a net attractive force. 

• Second, the presence of molecules that are permanent dipoles 

temporarily distorts the electron charge in other nearby polar or 

nonpolar molecules, thereby inducing further polarization. An 

additional attractive force results from the interaction of a permanent 

dipole with a neighboring induced dipole. 

• Third, even though no molecules of material are permanent dipoles 

(e.g., in the noble gas argon or the organic liquid benzene), a force of 

attraction exists between the molecules, accounting for condensing to 

the liquid state at sufficiently low temperatures. 

The nature of the attractive force in molecules, which requires 

quantum mechanics for its correct description, was first recognized (1930) 

by the Polish-born physicist Fritz London, who traced it to electron motion 

within molecules. London pointed out that at any instant the center of 

negative charge of the electrons and the center of positive charge of the 

atomic nuclei would not be likely to coincide. 

Thus, the fluctuation of electrons makes molecules time-varying 

dipoles, even though the average of this instantaneous polarization over a 
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brief time interval may be zero. Such time-varying dipoles, or instantaneous 

dipoles, cannot orient themselves into alignment to account for the actual 

force of attraction, but they do induce properly aligned polarization in 

adjacent molecules, resulting in attractive forces. 

These specific interactions, or forces, arising from electron 

fluctuations in molecules (known as London forces, or dispersion forces) are 

present even between permanently polar molecules and produce, generally, 

the largest of the three contributions to intermolecular forces. 

Electrostatic interaction (van der Waals interaction) 

The attractive or repulsive interaction between objects having electric 

charges. 

 

 

Electrostatic attraction (shown in red) between the δ+ and δ-

 ends of a polar covalent N-H bond allow for hydrogen 

bonding and base pairing within the DNA double helix. 

 

http://web.chem.ucla.edu/~harding/IGOC/N/noncovalent_molecular_force.html
http://web.chem.ucla.edu/~harding/IGOC/D/delta_plus.html
http://web.chem.ucla.edu/~harding/IGOC/D/delta_minus.html
http://web.chem.ucla.edu/~harding/IGOC/D/delta_minus.html
http://web.chem.ucla.edu/~harding/IGOC/P/polar_covalent_bond.html
http://web.chem.ucla.edu/~harding/IGOC/H/hydrogen_bond.html
http://web.chem.ucla.edu/~harding/IGOC/H/hydrogen_bond.html
http://web.chem.ucla.edu/~harding/IGOC/B/base_pair.html
http://web.chem.ucla.edu/~harding/IGOC/D/dna.html
http://web.chem.ucla.edu/~harding/IGOC/D/double_helix.html
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Electrostatic repulsion (also called van der Waals repulsion) 

between electron clouds is the cause of steric hindrance in 

an SN2 reaction transition state. 

 

Hydrogen Bonding 

A hydrogen bond is the electrostatic attraction between two polar 

groups that occurs when a hydrogen (H) atom covalently bound to a highly 

electronegative atom such as nitrogen (N), oxygen (O), or fluorine (F) 

experiences the electrostatic field of another highly electronegative atom 

nearby. 

A hydrogen bonding is a special type of dipole-dipole 

attraction which occurs when a hydrogen atom bonded to a strongly 

electronegative atom exists in the vicinity of another electronegative atom 

with a lone pair of electrons. These bonds are generally stronger than 

ordinary dipole-dipole and dispersion forces, but weaker than true covalent 

and ionic bonds. Without hydrogen, bonding earth would have no water 

cycle, no ocean, no floating ice, no life as we know it. 

http://web.chem.ucla.edu/~harding/IGOC/N/noncovalent_molecular_force.html
http://web.chem.ucla.edu/~harding/IGOC/E/electron_cloud.html
http://web.chem.ucla.edu/~harding/IGOC/S/steric_hindrance.html
http://web.chem.ucla.edu/~harding/IGOC/S/SN2_mechanism.html
http://web.chem.ucla.edu/~harding/IGOC/T/transition_state.html
https://en.wikipedia.org/wiki/Hydrogen_bond
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In order for a hydrogen bond to occur, there must be both a hydrogen 

donor and an acceptor present. The donor in a hydrogen bond is the atom to 

which the hydrogen atom participating in the hydrogen bond is covalently 

bonded, and is usually a strongly electronegative atom such as N, O, or F. 

The hydrogen acceptor is the neighboring electronegative ion or molecule 

and must possess a lone-pair electron in order to form a hydrogen bond. 

 

Since the hydrogen donor is strongly electronegative, it pulls the 

covalently bonded electron pair closer to its nucleus, and away from the 

hydrogen atom. The hydrogen atom is then left with a partial positive 

charge, creating a dipole-dipole attraction between the hydrogen atom 

bonded to the donor, and the lone electron pair on the acceptor. 

 

Hydrogen bonding occurs in molecules when a hydrogen atom 

bonded to a small electronegative atom is attracted an electron pair on an 

electronegative atom on an adjacent molecule  
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Types of hydrogen bonds 

Hydrogen bonds can occur within one single molecule, between two 

like molecules, or between two, unlike molecules. 

Intramolecular hydrogen bonds: 

Intramolecular hydrogen bonds are those which occur within one 

single molecule. This occurs when two functional groups of a molecule can 

form hydrogen bonds with each other. In order for this to happen, both a 

hydrogen donor and acceptor must be present within one molecule, and they 

must be within close proximity of each other in the molecule. For example, 

intramolecular hydrogen bonding occurs in ethylene glycol (C2H4(OH)2) 

between its two hydroxyl groups due to the molecular geometry. 

Intermolecular hydrogen bonds: 

Intermolecular hydrogen bonds occur between separate molecules in a 

substance. They can occur between any number of like or unlike molecules 

as long as hydrogen donors and acceptors are present an in positions in 

which they can interact. For example, intermolecular hydrogen bonds can 

occur between NH3 molecules alone, between H2O molecules alone, or 

between NH3 and H2O molecules. 

Properties and effects of hydrogen bonds: 

When we consider the boiling points of molecules, we usually expect 

molecules with larger molar masses to have higher normal boiling points 

than molecules with smaller molar masses. This, without taking hydrogen 

bonds into account, is due to greater dispersion forces.  
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Larger molecules have more space for electron distribution and thus 

more possibilities for an instantaneous dipole moment. However, when we 

consider the table below, we see that this is not always the case. 

We see that H2O, HF, and NH3 each have higher boiling points than 

the same compound formed between hydrogen and the next element moving 

down its respective group, indicating that the former has greater 

intermolecular forces.  

This is because of H2O, HF, and NH3 all exhibit hydrogen bonding, 

whereas the others do not. Furthermore, H2O has a smaller molar mass than 

HF but partakes in more hydrogen bonds per molecule, so its boiling point is 

consequently higher. 

Viscosity: 

The same effect that is seen on boiling point as a result of hydrogen 

bonding can also be observed in the viscosity of certain substances. Those 

substances which are capable of forming hydrogen bonds tend to have a 

higher viscosity than those that do not. Substances which have the 

possibility for multiple hydrogen bonds exhibit even higher viscosity. 

Factors preventing Hydrogen bonding 

Electronegativity: 

Hydrogen bonding cannot occur without significant electronegativity 

differences between hydrogen and the atom it is bonded to. Thus, we see 

molecules such as PH3, which not partake in hydrogen bonding. PH3 exhibits 

a trigonal pyramidal molecular geometry like that of ammonia, but unlike 

NH3 it cannot hydrogen bond. This is due to the similarity in the 

electronegativities of phosphorous and hydrogen. Both atoms have an 
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electronegativity of 2.1, and thus, no dipole moment occurs. This prevents 

the hydrogen bonding from acquiring the partial positive charge needed to 

hydrogen bond with the lone electron pair in another molecule. (see 

Polarizability) 

Atom Size: 

The size of donors and acceptors can also affect the ability to 

hydrogen bond. This can account for the relatively low ability of Cl to form 

hydrogen bonds. When the radii of two atoms differ greatly or are large, 

their nuclei cannot achieve close proximity when they interact, resulting in 

the weak interaction. 

Hydrogen Bonding in Nature: 

Hydrogen bonding plays a crucial role in many biological processes 

and can account for many natural phenomena such as the unusual properties 

of water. In addition to being present in water, hydrogen bonding is also 

important in the water transport system of plants, secondary and tertiary 

protein structure, and DNA base pairing. 

Plants: 

The cohesion-adhesion theory of transport in vascular plants uses 

hydrogen bonding to explain many key components of water movement 

through the plant’s xylem and other vessels. Within a vessel, water 

molecules hydrogen bond not only to each other but also to the cellulose 

chain which comprises the wall of plant cells. This creates a sort of capillary 

tube which allows for capillary action to occur since the vessel is relatively 

small. This mechanism allows plants to pull water up into their roots. 

Furthermore, hydrogen bonding can create a long chain of water molecules 
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which can overcome the force of gravity and travel up to the high altitudes 

of leaves. 

Proteins: 

Hydrogen bonding is present abundantly in the secondary structure of 

proteins, and also sparingly in tertiary conformation. The secondary 

structure of a protein involves interactions (mainly hydrogen bonds) between 

neighboring polypeptide backbones which contain Nitrogen-Hydrogen 

bonded pairs and oxygen atoms. Since both N and O are strongly 

electronegative, the hydrogen atoms bonded to nitrogen in one polypeptide 

backbone can hydrogen bond to the oxygen atoms in another chain and vice-

versa. Though they are relatively weak, these bonds offer great stability to 

secondary protein structure because they repeat a great number of times. 

In tertiary protein structure, interactions are primarily between 

functional R groups of a polypeptide chain; one such interaction is called a 

hydrophobic interaction. These interactions occur because of hydrogen 

bonding between water molecules around the hydrophobic and further 

reinforce confirmation. 

Hydrophobic Interactions 

Hydrophobic interactions in proteins Structure describe the relations 

between water and hydrophobes (low water-soluble molecules). 

Hydrophobes are nonpolar molecules and usually have a long chain of 

carbons that do not interact with water molecules. 

The mixing of fat and water is a good example of this particular 

interaction. 



 60 

The common misconception is that water and fat don’t mix because 

the Van der Waals forces that are acting upon both water and fat molecules 

are too weak. However, this is not the case. The behavior of a fat droplet in 

water has more to do with the enthalpy and entropy of the reaction than its 

intermolecular forces. 

Hydrogen Bonding 

Hydrogen bonding, interaction involving a hydrogen atom located 

between a pair of other atoms having a high affinity for electrons; such a 

bond is weaker than an ionic bond or covalent bond but stronger than van 

der Waals forces. 

 

Hydrogen bonds can exist between atoms in different molecules or in parts 

of the same molecule. One atom of the pair (the donor), generally fluorine, 

nitrogen, or oxygen atom, is covalently bonded to a hydrogen atom (−FH, 

−NH, or −OH), whose electrons it shares unequally. 

https://www.golifescience.com/van-der-waals-forces/
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Its high electron affinity causes the hydrogen to take on a slight positive 

charge. The other atom of the pair, also typically F, N, or O, has an unshared 

electron pair, which gives it a slight negative charge. 

• Structure of Atoms and Molecules 

• Basics of Colligative Properties 

Mainly through electrostatic attraction, the donor atom effectively shares its 

hydrogen with the acceptor atom, forming a bond. 

Because of its extensive hydrogen bonding, water (H2O) is liquid 

over a far greater range of temperatures than would be expected for a 

molecule of its size. 

Water is also a good solvent for ionic compounds and many others 

because it readily forms hydrogen bonds with the solute. 

Hydrogen bonding between amino acids in a linear protein molecule 

determines the way it folds up into its functional configuration. 

Hydrogen bonds between nitrogenous bases in nucleotides on the two 

strands of DNA (guanine pairs with cytosine, adenine with thymine) give 

rise to the double-helix structure that is crucial to the transmission of genetic 

information. 

• Deoxyribonucleic acid its Types: A-DNA, B-DNA, and Z-DNA 

• Nucleic Acids: Basics and Types 

https://www.golifescience.com/structure-of-atoms-and-molecules/
https://www.golifescience.com/basics-of-colligative-properties/
https://www.golifescience.com/deoxyribonucleic-acid-its-types/
https://www.golifescience.com/nucleic-acids/
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Causes of Hydrophobic Interactions 

American chemist Walter Kauzmann discovered that non-polar 

substances like fat molecules tend to clump up together rather than 

distributing themselves in a water medium because this allows the fat 

molecules to have minimal contact with water. 

 

The image above indicates that when the hydrophobes come together, 

they will have less contact with water. They interact with a total of 16 water 

molecules before they come together and only 10 atoms after they interact. 

Thermodynamic Reasons Behind hydrophobic interaction in protein 

Before Forming hydrophobic interaction in protein (or) any other 

macromolecule 

When a hydrophobe is dropped in an aqueous medium, hydrogen 

bonds between water molecules will be broken to make room for the 

hydrophobe; however, water molecules do not react with hydrophobe. 
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This is considered an endothermic reaction because when bonds are 

broken heat is put into the system. 

Water molecules that are distorted by the presence of the hydrophobe 

will make new hydrogen bonds and form an ice-like cage structure called a 

clathrate cage around the hydrophobe. 

This orientation makes the system (hydrophobe) more ordered. With a 

decrease in disorder, the entropy of the system decreases and, therefore ΔS is 

negative. 

 

The change enthalpy (ΔH) of the system can be negative, zero, or 

positive because the new hydrogen bonds can partially, completely, or 

overcompensate for the hydrogen bonds broken by the entrance of the 

hydrophobe. 

The change in enthalpy, however, is insignificant in determining the 

spontaneity of the reaction (mixing of hydrophobic molecules and water) 

because the change in entropy is very large. 
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According to the Gibbs Free Energy formula, ΔG=ΔH−TΔS, with a 

small unknown value of ΔH and a large negative value of ΔS, the value 

of ΔG will turn out to be positive. 

A positive ΔG indicates that the mixing of the hydrophobe and water 

molecules is not spontaneous. 

Formation of Hydrophobic Interactions 

The mixing hydrophobes and water molecules are not spontaneous; 

however, hydrophobic interactions between hydrophobes are spontaneous. 

When hydrophobes come together and interact with each other, 

enthalpy increases ( ΔH is positive) because some of the hydrogen bonds 

that form the clathrate cage will be broken. 

Tearing down a portion of the clathrate cage will cause the entropy to 

increase ( ΔS is positive), since forming it decreases the entropy. 

According to the formula: ΔG=ΔH−TΔS 

ΔH  = small positive value 

ΔS = large positive value 
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The strength of Hydrophobic Interactions 

Hydrophobic interaction in protein is relatively stronger than other 

weak intermolecular forces (i.e. Van der Waals interactions or Hydrogen 

bonds). 

What does the strength of Hydrophobic Interactions depend on? 

In order of Effectiveness: 

1. Temperature: As temperature increases, the strength of hydrophobic 

interactions increases also. However, at an extreme temperature, 

hydrophobic interactions will denature. 

2. The number of carbons on the hydrophobes: Molecules with the 

greatest number of carbons will have the strongest hydrophobic 

interactions. 

3. The shape of the hydrophobes: Aliphatic organic molecules have 

stronger interactions than aromatic compounds. 

1. Branches on a carbon chain will reduce the hydrophobic effect 

of that molecule and a linear carbon chain can produce the 

largest hydrophobic interaction. 

2. This is so because carbon branches produce steric hindrance, so 

it is harder for two hydrophobes to have very close interactions 

with each other to minimize their contact with water. 

Biological Importance of Hydrophobic Interactions 

Hydrophobic Interactions are important for the folding of proteins. 

This is important in keeping a protein alive and biologically active 

because it allows the protein to decrease in the surface is and reduces the 

undesirable interactions with water. 

https://www.golifescience.com/hydrogen-bonding/
https://www.golifescience.com/hydrogen-bonding/
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• Plasma membrane: Basic Structure and Function 

• Structure of Membrane 

• Active transport: Cell Membrane Mechanism 

• Electrical properties of a membrane 

Besides proteins, there are many other biological substances that rely 

on hydrophobic interactions for its survival and functions, like the 

phospholipid bilayer membranes in every cell of your body! 

 

https://www.golifescience.com/the-plasma-membrane/
https://www.golifescience.com/structure-of-cell-membrane/
https://www.golifescience.com/active-transport/
https://www.golifescience.com/electrical-properties-of-a-membrane/

