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Archaea

Eucarya

Life’s origins

Last common 
Ancestor

Bacteria

The rest 
of us

Ord. Bacteria
Cyanobacteria

  (Extremophiles)
Thermophiles

Halophiles
Acidophiles

Methanogens

Figure 1. The phylogenetic
tree of life (based on ribo-
somal RNA sequencing).
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Submarine

hydrothermal vent

systems as

possible habitats

for the origin of life.
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Box 1. Racemicity

Many chemical compounds like amino acids and sugars occur in two optically active forms.  Structurally

they are mirror images of each other like the left and right hands, similar in all respects except that they

rotate plane-polarized light (ppl) in opposite directions.  This property of chemical compounds to exist in

two ‘handed’ forms is called chirality or enantiomorphism and such compounds are called chiral

compounds and the members enantiomers.  The one that rotates ppl to the left is L-(laevorotatory)

enantiomer and that which rotates ppl to the right is called D-(dextrorotatory) enantiomer.  A mixture

containing the two in equal proportions is called racemic and is optically inactive.  Life has the unique

property to incorporate only one enantiomer, as in sugars  (only D-sugars) or amino acids (only L-amino

acids).  This property of life is called homochirality.  Homochirality is thought to be inherited from

primordial times when circularly polarized light, inimical to certain enantiomers, was abundant in the

universe.  However, Rikken and Raupach (2000) have demonstrated that static magnetic field can bias

chemical process in favour of one of the enantiomers.

Origin of life in vent

habitats seems to

be a remote

possibility, though

such ecosystems

could have been

the cradle for the

evolution of early

life after having

originated

elsewhere.
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Box 2. The Deep Hot Biosphere

Did life originate within the Earth rather than on the surface?  Well, yes according to Thomas Gold, the

author of the book The Deep Hot Biosphere.  Exotic submarine life has been known in ocean vents at

temperatures of 80oC or more since 1977.  Bacterial life was long known in deep oil wells but was

suspected as surficial contaminant.  The existence of indisputable subterranean life was discovered in

1987 in deep boreholes at Savannah River nuclear site, South Carolina.  Microbes were subsequently

identified in South African gold mines at 3.5 km depth and also in many deep-sea cores.  Many of these

microbes are new and form totally unknown genera, adapted to strange conditions, completely isolated

from surface and sunlight.  Bacteria are the primary producers in this world like phytoplankton in surficial

ocean.  Life in this habitat is very primitive and is dependent on non-photosynthetic chemistry.  This led

Gold to postulate that life originated inside the Earth and migrated to the surface.
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The quality

defining life is that

it can store and

transmit genetic

information

required for its

perpetuation.
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What appeared

first on earth:

nucleic acids or

proteins?

The two

biopolymers

responsible for all

the mysteries and

miracles of life are

nucleic acids and

proteins; nucleic

acids carry the

blue print of life as

they store genetic

information while

proteins carry out

all cellular work.
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Did life begin with

RNA?

Nucleic acids form

the chemical basis

of heredity; they

have template

properties to store

and replicate

information and to

make any number

of their own

copies.
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Dyson argued that

proteins are the

hardware and

nucleic acids are

the software of life.
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Figure 2. The general struc-
ture of RNA.



������ � �������

�	 ���
����� � ���������� �	

�

���	�����!
��

������
�	�������
��	����	�
���	�	������	�������
�1

�
�����������
����
��
�	�������!���
��
������������
�!
����
��
�	

�����
��	����
�"

'
��	���
�
��
��8'8����	��������
���	���	�����
�	�����	��	�


��
��
�	���
	
�
�	���	�

�	����������	��������"� �#�����	��
�
��

�	������

�
�	��	�	��
�
��
���������� �������	���
��
�	��	��
�
�

��������
����	�	��

�!	�
����	�
���	!�

��������������	�

���
���	


�	���!
�	�!��$!
�	�
��3)*"��/�
���!
�	����
����
�	�
��
�	�-1

���!
������������
�	��
���	0���������
���
��
��8'8�1����
��1

���"��&��
�	���
�	���!
�	��
��
��	����������	����4�	
�+5���0
��	�
�

!

���1��!
�	� �����1��!
�	� ��	�	��� ���	� �
���=	�� 
���� 
�	��1

	���
�
�	�"��D
��	�����������
	����
����
��	��
��������
���
��
	


�	���!
�	���������
�������
�����������
�	�
�4'��!������A�(
�����

+,,-5�>C?�����
�	��
�	��1	���
�
�	����
��
�	����	������0
��	"

8��������
���	����!
�	�����������
�	�!��	��
�	��	0
��
	��
��
�	

�
���

�3)*����I
������
�	���������
��
�	�!��	��

��
�������	
1

���	��4!��	�;���!
�	�K�����	
���	5"��#����������	����
�����!�	

�	��
�
�"��%���	������	�����	
���	�����	�!		�����
�	��=	�����
�	

��!
��

�����
���	��
��	�	��	�����
�	����
�����������	�����	
���	�

����!		���	
���
���
�	��	��
�����������
�	�"��#�	��	0
��
	�����	��

��
���
����
����
�	�����	
���	��4�"	"�I
������
�	�����	
���	����
�

Figure 3. The path to RNA.

It remains a mystery

how nature could first

isolate the ribose

sugar from a virtual

sugar forest and then

the D-enantiomer

from the racemic

mixture.
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Problems with

hypothesis of life

beginning with

RNA.

It is certain that a

protracted period

of abiotic chemical

synthesis

preceded the

advent of the first

genetic molecule.
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“And what was he? Forsooth, a
great arithmetician.”

Othello


