Concept of Energy Rich Compounds

Cell as a complicated system requires the large amount of free energy for all important activities:
the performance of mechanical work in the muscle contraction, and other cellular movements, the
active transport of molecules and ions, and the synthesis of macromoleculcs and other biomolecules.
Free energy used in these processes maintains an organism in a state that is far from the equilibrium.

All these processes mentioned above are energetically very demanding and cells use energy which
is special for all living systems — chemical energy.

This form of energy is puts in some chemical compounds and is liberated in hydrolysis of some of
group which is bounded to this compound by the high energy bonds (~ ).

There is nothing special about the bonds themselves. There are high-energy bonds in the sense that
much free energy is released when they are hydrolysed for the rcason given above.

If high energy bonds are hydrolysed, products of reaction go to the energetically lower state what
is expressed as marked change of Gibbs energy of sysiem (A-G).

Most of chemical bonds in compounds of organism as ester, peptide and glycoside bonds are not
high energy and in hydrolysis of these bonds liberated energy is about 10-15 kJ/mol of compound. If

high energy compound (bond) is hydrolysed much more free energy is liberated (30 -60 kJ/mol of high
energy compound).

Energy-rich molecules are formed by the oxidation of substrates which cell obtains from the
environment.

The creation of energy-rich compounds in cells is carried out by three main ways:

L. During oxidation of substrates (for instance glucose) are formed intermediates with high-energy
phosphate group. '

2. ATP - the most important high-encrgy phosphate compound and its phosphoanhydride bonds
are referred to as high-energy bonds and is created in the process of oxidative phosphorylation in
mitochondria.

3. Someenergy-rich compounds are produced so that phosphate is transferred from ATP toanother
molecule in the reaction which is catalysed by kinase and high-energy bond is preserved.

3.1.1 Kinds of high-energy bonds

Energy-rich compounds in cells comprise five kinds of high-energy bonds: phosphoanhydride, acyl
phosphate, enolphosphate, guanidine phosphate and thioester bonds (Fig. 3.1).

Phosphoanhydride bond is formed between two molecules of phosphoric acid (H3PO4). In hydro-
lysis of 1 mol of this bond is liberated approximatelly 30,5 kJ/mol bond. These bonds we can find in
nucleotides. Typical representative of high-energy compound with phosphoanhydride bond (diphos-
phate bond) is ATP (adenosine triphosphate). In this compound are two high-energy diphosphate
bonds (phosphoanhydride bonds). The third phosphate bond between phosphate and ribose is not
energy-rich, it is phosphate ester bond.

Similar diphosphate bonds are in all di- and triphosphates of purine and pyrimidine nucleosides.

Energy of diphosphate bonds has a great importance in the metabolism of a cell. ATP serves as the
principal immediate donor of free energy in biological systems in most endergonic reactions of the
cell, in the active transport of molecules across membranes, muscle contraction, transmission of nerve
impulse, and the other processes which require energy.

Despite that fact that ATP is the principal donor of energy (source of energy), for some metabolic
pathways can be used energy of diphosphate bonds of another nucleosides as GTP (guanosine
triphosphate) which is donor of energy in the protcosynthesis and also in the gluconeogenesis. UTP
(uridine triphosphate) is important nucleotide in the metabolism of saccharides and CTP (cytidine
triphosphate) in the metabolism of lipids.
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Fig. 3.1. Type of energy-rich bonds and energy-rich compounds

Enolphosphate bond is formed
when phosphate group is attached to
the hydroxyl group which is bounded
to carbon with double bond.

This bond is energetically the rich-
cst bond in hydrolysis of which islibera-
ted 61 kJ/mol bond. Such a bond is in
phosphoenolpyruvate which is formed
in the breakdown of glucose in the gly-

colysis.

This energy-rich bond can be trans-
ferred by means of kinase to ADP 1o
form ATP (this process is called phos-
phorylation of the substrate).

Acylphosphate bond is formed by
the reaction of carboxylic acid with
phosphate group. In the hydrolysis is
liberated approximately 49 kJ/mol of
energy. This type of bond is in 1,3-bis-
phosphoglycerate and is formed in the
glycolysis and can be also transferred
from this compound to ADP to form
ATP.

This type of high-energy bonds is
formed also in the activation of fatty
acids and amino acids when these react
with ATP. Product is acyladenylate
resp. aminoacyladenylate.

Guanidine phosphate bond s for-
med if phosphate group is attached to
guanidine group. Energy of the hyd-
rolysis is 43 kJ/mol. The most impor-
tant compound with this bond is phos-
phocreatine. Phosphocreatine is first
of all in muscle cells where is a reserve
of encrgy for this tissue.

In some animals as a storage form
of encrgy is arginine phosphate where
phosphate group is bounded to guani-
dine group of arginine.

Thioester bond - is not typical high-
cnergy bond because here is not ener-
gv-rich phosphate, but here is acyl rest
of carboxylic acid attached to sulphur
from -SH group. Energy liberated in
the hydrolysis of this bond is around 41
kJ/mol.

In cells this type of bond is formed
when the rest of carboxylic acid is at-
tached to coenzyme A. This acid is by
this way activated and can enter the
different chemical reactions without
the supplement of energy.

Especially important is acetyl-CoA
which is one of the principal energeti-
cal substrates of the ccll.
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3.1.2 Energy-rich compounds in muscle cells

The muscle contraction is mechanical work and muscle cell is actually ,,machine where chemical
energy of high-energy compounds is changing to mechanical work.

As the principal source of energy in the muscle contraction serves ATP. In resting muscle the muscle
cell creates definite level of ATP and ratio of ATP:ADP is about 10:1. During the musclc work the
great amount of ATP is used. The muscle cell has the enzymatic equipment for producing ATP in the
glycolysis and also in the oxidative phosphorylation.

In active muscle level of ATP decreases. The reduced energy charge of active muscle stimulates the
glycogen breakdown, glycolysis, citric acid cycle, and the oxidative phosphorylation. These processes
are the relative contributions to the generation of ATP.

In the state when the muscle is active (vigorously working) appears the anzerobic conditions and
so the generation of ATP by the oxidation of substrates is considerably limited.

So in the resting state muscle cell uses phosphocreatine which contains phosphoguanido group to
store high-potential phosphoryl group in the muscle. The concentration of phosphocreatine in the
muscle in the resting state is five more times higher than the level ol ATP. Working muscle is able w0
use energy of phosphoguanido group of phosphocreatine for the regencration of ATP.

Phosphocreatine is formed by the reaction:

ATP + creatine &———————  phosphocrcatine + ADP
kinase
And in the muscle contraction the reaction is reverse:

phosphocreatine + ADP

ATP + creatine

kinase

The reaction is catalysed by kinase. High activities of this enzyme are first of all in muscle cells and
also in myocard.
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