
�
  

�����������	
����
�

��������

�����������		�
���
�
�

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

�� �

������������������������ �
�



!�	�"#�	#$#%&��#�"�'��()'"	($ *� ���������	��
�����
�������

�

���� � � � � �
�

�  Coupled reactions 

 

�  Coupling 

 

Standard Free Energy Value of Chemical Reactions ar e Additive. A noteworthy 

thermodynamic fact is that the overall free energy change for a series of 

reactions is equal to the sum of the free energy ch anges of the individual steps. 

Consider the two consecutive reactions where each r eaction has its own 

equilibrium constant and a characteristic standard free energy change, � G1°� 

and � G2°�. 

 

A �  B � G1°� = – 8 kcal/mol 

 

B �  C � G2°� = + 5 kcal/mol 

 

Since the two reactions are sequential, the interme diate product B cancels out 

and the overall reaction with its standard free ene rgy change, � Gs°� may be 

written as : A �  C � Gs°� = � G1°� + � G2°� = –8 + (+5) = –3 kcal/mol 

 

Under standard conditions, A can be spontaneously c onverted into B because 

� G is negative. However, the conversion of B into C,  under standard conditions 

is thermodynamically not feasible. But as the free energy changes are additive, 

the conversion of A into C has a � G°� value of –3 kcal/mol, which obviously 

means that A can be converted into C spontaneously under standard 

conditions. Thus, the above two sequential reaction s are coupled by the 

intermediate product, B. In other words, a thermodynamically unfavourable 

reaction can be driven by a  thermodynamically favourable reaction . Two 

sequential steps from glycogen  breakdown in muscles will illustrate this fact 

more clearly. 
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Glucose 1-phosphate + enzyme Phosphoglucomutase �  Glucose 6-phosphate 

� G1°� = – 1.74 kcal/mol Glucose 6-phosphate 

 

Glucose phosphate +enzyme isomerase �  Fructose 6-phosphate 

 

� G2°� = + 0.40 kcal/mol 

 

On adding the two reactions, we get : 

 

Glucose 1-phosphate �  Fructose 6-phosphate This has a standard free ener gy 

change value, � Gs°� = � G1°� + � G2 ° � = –1.74 + (+ 0.40) = –1.36 kcal/mol 

 

Because � Gs°� is negative, glucose 1-phosphate is converted into  fructose 6-

phosphate in the muscles. 

 

Adenosine tri phosphate (ATP) plays a central role in the transference of free 

energy from the exergonic (= energy-yielding) to th e endergonic (= energy-

requiring) processes in the cells. During breakdown  of energy-rich foodstuffs or 

fuel molecules, some of the free energy is harnesse d to make ATP from 

adenosine diphosphate (ADP) and inorganic phosphate  (Pi ), a process that 

requires input of free energy. ATP then donates muc h of its chemical energy to 

energy-requiring processes (biosynthesis, transport  etc.) by undergoing a 

breakdown to ADP and Pi. 

 

ATP hydrolysis is coupled with an endergonic reacti on to make it 

exergonic and make the reaction possible under the condition. 
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�  ATP AS UNIVERSAL CURRENCY OF FREE ENERGY IN BIOLOGI CAL 

SYSTEMS 

 

The living objects require a continuous supply of f ree energy mainly for the 

following 4 purposes: 

 

(a) to synthesize macromolecules from simpler and small er precursors, 

 

(b) to transport molecules and ions across membranes ag ainst gradients, 

 

(c) to perform mechanical work, as in the muscle contra ction, and 

 

(d)  to ensure fidelity of information transfer. 

 

The free energy in these processes is derived from the environment. The 

phototrophs obtain this energy by trapping light en ergy from the sun. On the 

other hand, the chemotrophs obtain it by the oxidat ion of foodstuffs. This free 

energy (derived from light or from the oxidation of  foodstuffs) is partly 

transformed into a special form before it is used f or biosynthesis, transport, 

motion and fidelity. This special carrier of free e nergy is adenosine triphosphate 

(ATP). 

 

Adenosine tri phosphate 
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Adeosine triphosphate (ATP) and its successive hydr olysis products, adenosine 

diphosphate (ADP) and adenosine monophosphate (AMP)  are nucleotide, 

consisting of an adenine, a ribose and a 3, 2 or 1 phosphate group(s) 

respectively. ATP, ADP and AMP occur not only in ce ll cytosol but also in 

mitochondria and the nucleus. In normal respiring c ells, ATP makes up about 

75% or more of the sum of all 3 adenine ribonucleot ides. 

 

ATP serves as the principal immediate donor of free  energy in biological 

systems rather than as a storage form of energy. In a typical cell, an ATP 

molecule is  consumed within a minute of its formation. The turn over of 

ATP is very high . For instance, a resting human consumes about 40 kg ATP in 

a day. During strenuous labour, the ATP is consumed  at the rate of even 0.5 kg 

per minute. The endergonic processes such as biosynthesis, acti ve 

transport etc., can occur only if ATP is continuous ly regenerated from 

ADP. Phototrophs harvest the free  energy in light to regenerate ATP whereas 

chemotrophs form ATP by the oxidation of foodstuffs . 

 

When ADP is hydrolyzed to AMP and inorganic phospha te, the � G°� value of 

this reaction is the same as that of the reaction, ATP �  ADP + Pi, that is –7.3 

kcal/mol. Thus, the two terminal phosphate groups o f ATP (�  and � ) are both 

high energy groups. On the contrary, the � G°� value of hydrolysis of AMP to 

yield adenosine and phosphate is much lower, that i s only –3.4 kcal/mol. 

Thus, the phosphate group of AMP (i.e., the a phosp hate group of ATP) is in the 

low energy class. The hydrolysis of ATP to yield AM P plus PPi proceeds with 

� G°� –7.7 kcal/mol, slightly greater than the � G°� for the hydrolysis of the 

terminal or �  phosphate bond. ATP + H 2O �  AMP + PPi The inorganic 

pyrophosphate is subsequently hydrolyzed by the enz yme pyrophosphatase to 

yield 2 moles of inorganic orthophosphate. The � G°� value of this reaction is –

6.9 kcal/mol. 

PPi + H 2O �  2Pi 
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The anhydride linkages in ATP and other 

energy but not any ester linkage of phosphates . Bu t thioester linkages are of 

high energy . 
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The anhydride linkages in ATP and other high energy phosphates are giving the 

energy but not any ester linkage of phosphates . Bu t thioester linkages are of 
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high energy phosphates are giving the 

energy but not any ester linkage of phosphates . Bu t thioester linkages are of 
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�  Some Solved Questions 
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For any queries or confusion regarding 

understanding the solved answers, please contact  

Dr. Priyadarshini Mallick , Head of Department, 

Department of Microbiology, Asutosh College 

through WhatsApp Number: 9674006269  
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Department of Microbiology, Asutosh College 

through WhatsApp Number: 9674006269  
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�  Solve yourselves 
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