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ORGANIZATION OF LIFE 

Biological organization, or the hierarchy of life, is the hierarchy of complex biological 

structures and systems that define life using a reductionistic approach. The traditional 

hierarchy extends from atoms (or lower) to biospheres. 

LEVELS 

The simple standard biological organization scheme, from the lowest level to the highest 

level, is as follows: 

 
A-cellular level and 

Pre-cellular level 
 The atom 

 The molecule, a grouping of atoms 

Sub–cellular level  The organelle, a functional group of biomolecules; biochemical reactions and 

interactions 

Cellular level  The cell, the basic unit of all life and the grouping of organelles 

Super – cellular level 

( Multicellular level ) 
 The tissue, a functional group of cells 

  The organ, a functional group of tissues 

  The organ system, a functional group of organs 

  The organism, the basic living system, a functional group of the lower – level 

components, including at least one cell 

  The population, a grouping of organisms of the same species 

  The biocoenosis or community, an interspecific grouping of interacting populations 

  The ecosystem, a grouping of organisms from all biological domains in conjuction 

with the physical (abiotic) environment 

  The biosphere, the complete set of communities 

  The ecosphere, the complete set of ecosystems 

 

FEATURES OF LIVING ORGANISMS 

A high degree of chemical complexity and microscopic organization: 

Thousands of different molecules make up a cell’s intricate internal structures. Each has its 

characteristic sequence of subunits, its unique three-dimensional structure, and its highly 

specific selection of binding partners in the cell. 

Systems for extracting, transforming, and using energy from the environment 

Enabling organisms to build and maintain their intricate structures and to do mechanical, 

chemical, osmotic, and electrical work. Inanimate matter tends, rather, to decay toward a 

more disordered state, to come to equilibrium with its surroundings. 
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A capacity for precise self-replication and self-assembly: 

A single bacterial cell placed in a sterile nutrient medium can give rise to a billion identical 

―daughter‖ cells in 24 hours. Each cell contains thousands of different molecules, some 

extremely complex; yet each bacterium is a faithful copy of the original, its construction 

directed entirely from information contained within the genetic material of the original cell.  

Mechanisms for sensing and responding to alterations in their surroundings, 
constantly adjusting to these changes by adapting their internal chemistry. 

Defined functions for each of their components and regulated interactions among 
them. 

This is true not only of macroscopic structures, such as leaves and stems or hearts and lungs, 

but also of microscopic intracellular structures and individual chemical compounds. The 

interplay among the chemical components of a living organism is dynamic; changes in one 

component cause coordinating or compensating changes in another, with the whole ensemble 

displaying a character beyond that of its individual parts. The collection of molecules carries 

out a program, the end result of which is reproduction of the program and self-perpetuation of 

that collection of molecules — in short, life. 

A history of evolutionary change: 

Organisms change their inherited life strategies to survive in new circumstances. The result of 

eons of evolution is an enormous diversity of life forms, superficially very different but 

fundamentally related through their shared ancestry.  

CLASSIFICATION OF ORGANISMS ACCORDING TO THEIR SOURCE OF 

ENERGY 

Organisms can be classified according to how they obtain the energy and carbon they need 

for synthesizing cellular material. There are two broad categories based on energy sources: 

phototrophs trap and use sunlight, and chemotrophs derive their energy from oxidation of a 

fuel. All chemotrophs require a source of organic nutrients; they cannot fix CO2 into organic 

compounds. The phototrophs can be further divided into those that can obtain all needed 

carbon from CO2 (autotrophs) and those that require organic nutrients (heterotrophs). No 

chemotroph can get its carbon atoms exclusively from CO2 (that is, no chemotrophs are 

autotrophs), but the chemotrophs may be further classified according to a different criterion: 

whether the fuels they oxidize are inorganic (lithotrophs) or organic (organotrophs). Most 

known organisms fall within one of these four broad categories—autotrophs or heterotrophs 

among the photosynthesizers, lithotrophs or organotrophs among the chemical oxidizers. The 

prokaryotes have several general modes of obtaining carbon and energy. Escherichia coli, for 

example, is a chemoorganoheterotroph; it requires organic compounds from its environment 

as fuel and as a source of carbon. Cyanobacteria are photolithoautotrophs; they use sunlight 

as an energy source and convert CO2 into biomolecules. Humans, like E. coli, are chemo-

organoheterotrophs.  
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All organisms

Photoautotrophs

(energy from light)

Autotrophs

(carbon from CO2)

Examples :

- Cyanobacteria

- Plants

Heterotrophs

( carbon from 
organic compounds)

Examples :

- Purple bacteria

- Green bacteria

Chemotrophs

(energy from chemical 
compounds)

Heterotrophs

(carbon from organic 
compounds )

Lithotrophs

(energy from inorganic 
compounds)

Examples :

- Sulfur bacteria

- Hydrogen bacteria

Organotrophs

(energy from organic 
compounds)

Examples:

- Most prokaryotes

- All nonphototrophic 
eukaryotes
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EUKARYOTIC CELL STRUCTURE 
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IMPORTANCE OF WATER 

Water is the most abundant substance in living systems, making up 70% or more of the 

weight of most organisms. Hydrogen bonds between water molecules provide the cohesive 

forces that make water a liquid at room temperature and that favor the extreme ordering of 

molecules that is typical of crystalline water (ice). Polar Biomolecules dissolve readily in 

water because they can replace water-water interactions with more energetically favorable 

water-solute interactions. In contrast, nonpolar biomolecules interfere with water-water 

interactions but are unable to form water-solute interactions— consequently, nonpolar 

molecules are poorly soluble in water. In aqueous solutions, nonpolar molecules tend to 

cluster together. 

Hydrogen bonds and ionic, hydrophobic and van der Waals interactions are individually 

weak, but collectively they have a very significant influence on the three-dimensional 

structures of proteins, nucleic acids, polysaccharides, and membrane lipids. 

Note: ―flickering clusters‖ represents short-lived groups of water molecules interlinked by 

hydrogen bonds in liquid water. 

SOLUBILITIES OF SOME GASES IN WATER 
 

N2 > O2 > CO2 > NH3 H2S 

 

 

Key notes 

 The very different electronegativities of H and O make water a highly polar molecule, 

capable of forming hydrogen bonds with itself and with solutes. Hydrogen bonds are 

fleeting, primarily electrostatic, and weaker than covalent bonds. Water is a good solvent 

for polar (hydrophilic) solutes, with which it forms hydrogen bonds, and for charged 

solutes, with which it interacts electrostatically. 

 Nonpolar (hydrophobic) compounds dissolve poorly in water; they cannot hydrogen-bond 

with the solvent, and their presence forces an energetically unfavorable ordering of water 

molecules at their hydrophobic surfaces. To minimize the surface exposed to water, 

nonpolar compounds such as lipids form aggregates (micelles) in which the hydrophobic 

moieties are sequestered in the interior, associating through hydrophobic interactions, and 

only the more polar moieties interact with water. 

 Numerous weak, noncovalent interactions decisively influence the folding of 

macromolecules such as proteins and nucleic acids. The most stable macromolecular 

conformations are those in which hydrogen bonding is maximized within the molecule 

and between the molecule and the solvent, and in which hydrophobic moieties cluster in 

the interior of the molecule away from the aqueous solvent. 

Decreasing order of solubility 
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 The physical properties of aqueous solutions are strongly influenced by the 

concentrations of solutes. When two aqueous compartments are separated by a 

semipermeable membrane (such as the plasma membrane separating a cell from its 

surroundings), water moves across that membrane to equalize the osmolarity in the two 

compartments. This tendency for water to move across a semipermeable membrane is the 

osmotic pressure. 

IONIZATION OF WATER, WEAK ACIDS, AND WEAK BASES: 

 Pure water ionizes slightly, forming equal numbers of hydrogen ions (hydronium ions, 

H3O
+
) and hydroxide ions. The extent of ionization is described by an equilibrium 

constant, Keq where    Keq =  
 H+ [OH −]

[H2O]
 , from which the ion product of water, Kw is 

derived. At 25
o
C, Kw = [ H

+
][OH

-
] = (55.5 M)(Keq) = 10

-14
M

2
 . 

 The pH of an aqeous solution reflects, on a logarithmic scale, the concentration of 

hydrogen ions : pH = log 
1

[H+]
 =  - log [ H

+
]. 

 The greater the acidity of a solution, the lower its pH. Weak acids partially ionize tio 

release a hydrogen ion, thus lowering the pH of the aqeous solution. Weak bases accept a 

hydrogen ion, increasing the pH. The extent of these processes is characterstic of each 

particular weak acid or base and is expressed as a dissociation constant, Ka : 

Keq =  
 H+ [A−]

[HA]
=  Ka  

 The pKa expresses, on a logarithmic scale, the relative strength of a weak acid or base : 

pKa = log 
1

Ka
 = - log Ka. 

 The stronger the acid, the lower its pKa ; the stronger the base, the higher its pKa. The 

pKa can be determined experimentally; it is the pH at the midpoint of the titration curve 

for the acid or base. 

BUFFERING AGAINST PH CHANGES IN BIOLOGICAL SYSTEMS 

Almost every biological process is pH dependent; a small change in pH produces a large 

change in the rate of the process. This is true not only for the many reactions in which the H+ 

ion is a direct participant, but also for those in which there is no apparent role for H+ ions. 

The enzymes that catalyze cellular reactions, and many of the molecules on which they act, 

contain ionizable groups with characteristic pKa values. The protonated amino and carboxyl 

groups of amino acids and the phosphate groups of nucleotides, for example, function as 

weak acids; their ionic state depends on the pH of the surrounding medium. Constancy of pH 

is achieved primarily by biological buffers: mixtures of weak acids and their conjugate bases. 

Biological buffering is illustrated by the phosphate and carbonate buffering systems of 

humans. 
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HENDERSON- HASSELBALCH EQUATION 
 

pH=pKa+  log  
[A-]

[HA]
 

Stated more generally, 

  pH = pKa + log 
[ proton acceptor ]

[ proton donor ]
 

 

NUMERICAL PROBLEMS 
 

 

 

Key Notes 

 A mixture of a weak acid (or base) and its salt resists changes in pH caused by the addition 

of H
+
 or OH

-
. The mixture thus functions as a buffer. 

 The pH of a solution of a weak acid (or base) and its salt is given by the Henderson-

Hasselbalch equation : pH = pKa – log 
[HA]

[A-]
 . 

 In cells and tissues, phosphate and bicarbonate buffer systems maintain intracellular and 

extracellular fluids at their optimum (physiological) pH, which is usually close to pH 7. 

Enzymes generally work optimally at this pH. 
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GATE2007 
Q.1 The maximum number of hydrogen bonds that a molecule of water can form is 

 (A)1  (B) 2  (C) 3  (D) 4 

GATE 2009 
 

Q.2 Equal volumes of two buffers of pH 4 and pH 6 of identical ionic strength are mixed. 

The resultant pH is  

 (A) Close to 4.  (B) Close to 5.  (C) Close to 6.  (D) Exactly 5. 

Answers:  

 1-D.Each hydrogen atom can form a hydrogen bond to an oxygen atom in another 

water molecule and each oxygen atom has two nonbonding electron pairs, each water 

molecule can form a maximum of four hydrogen bonds to four other water molecules.

  

 2-D.  pH = -log[H
+
]  

[H
+
] = antilog (-pH) 

Or [H
+
] = 10

-pH
 

So, the solutions : [H
+
] = 10

-4
 

        [H
+
] = 10

-6 

Total [H
+
] in resultin solution = 10

-10 

Since the volume is doubled. So, the pH of resulting solution = 5.   

 
 

 
 


