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Introduction

This article aims to study the chemical behaviour of organic 
substances so as to better understand how bacteriophages 
destroy pathogen bacteria. In other words, bacteriophage 
therapy could be elucidated by applying enzymatic organic 
reactions knowledge. Indeed, when bacteriophages invade 
bacteria, they react with organic substances of bacterial 
cellular membranes such as phospholipids, glycolipids as well 
as glycoproteins. They also react with Ribonucleic Acid (RNA) 
and Deoxyribonucleic Acid (DNA) into the bacterial cytoplasm. 
Recall that organic substances have functional groups that 
act as acids, bases, electrophiles, or nucleophiles according to 
reaction conditions. Indeed, it should be mentioned that this 
article is innovative because it is the fi rst time to display detailed 
organic reaction mechanisms so as to enhance comprehension 
of organic chemistry signifi cance in bacteriophage therapy, 
compared to the bacteriophage action mechanisms published 
in the literature which do not reveal comprehensive advanced 
organic reactions mechanisms [1-6].

Bacteriophage therapy is a medical expertise that consists 

of eradicating infectious bacteria employing phages or 
bacteriophages. The latter are viruses containing ribonucleic 
acid or deoxyribonucleic acid wrapped by a protein and a 
catalytic centre of RNA polymerase [1-10]. Experimental 
observation has shown that three aspartate residues constitute 
the root of the catalytic centre of RNA polymerase (Figure 1) 
[1-10].

Abstract
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Figure 1: Catalytic centre of RNA polymerase.
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It is important to mention that the role of protein is to 
provide nutritional substances or amino acids to bacteriophages 
so that they can satisfy their nutritional needs, while they 
use aspartate residues to catalyze organic reactions (Scheme 
1). In this context, enzymatic organic reactions demonstrate 
better the degradation of bacterial cellular membranes, and in 
such a circumstance, bacteriophages can easily reach bacterial 
cytoplasm where they spread for the purpose of destroying 

specifi c bacteria. In other words, the enzymatic organic 
reactions, which take place in the extracellular environment, 
involve the bacterial membrane together with the bacteriophage 
ARN polymerase. This aforementioned enzyme is capable 
of catalyzing hydrolysis of phospholipids, glycolipids, and 
glycoproteins that constitute the bacterial membrane. In the 
same perspective, the enzymatic organic reactions, which 
occur in the bacterial intracellular area, refer to the synthesis 
of many molecules of viral RNA or DNA (Scheme 5, Scheme 6).

Scheme 1a: Hydrolysis of proteins mechanism.

 

 

 

 

Scheme 1b: Hydrolysis of proteins mechanism.
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Scheme 2a: Enzymatic hydrolysis of phospholipids mechanism.

 

 

 

 

 

Scheme 1c: Hydrolysis of proteins mechanism.
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Scheme 2c: Enzymatic hydrolysis of phospholipids mechanism.

Scheme 3a: Enzymatic hydrolysis of glycolipids mechanism.

 

 

 

 

Scheme 2b: Enzymatic hydrolysis of phospholipids mechanism.
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Scheme 3c: Enzymatic hydrolysis of glycolipids mechanism

Scheme 3b: Enzymatic hydrolysis of glycolipids mechanism.
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Scheme 4a: Enzymatic hydrolysis of glycoproteins mechanism.

 

 

Scheme 4b: Enzymatic hydrolysis of glycoproteins mechanism.

Scheme 3d: Enzymatic hydrolysis of glycolipids mechanism.
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Scheme 4c: Enzymatic hydrolysis of glycoproteins mechanism.

 

 

 

 

Scheme 4c: Enzymatic hydrolysis of glycoproteins mechanism.
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Scheme 5a: Enzymatic synthesis of RNA mechanism.

Scheme 5b: Enzymatic synthesis of RNA mechanism.

Scheme 6a: Enzymatic synthesis of DNA mechanism.
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Scheme 6b: Enzymatic synthesis of DNA mechanism.

Enzymatic hydrolysis of phospholipids 

A plausible explanation of the hydrolysis of phospholipids, 
the enzyme reacts with a phospholipid to generate a phosphate 
group and an intermediate compound (Scheme 2, reaction 
1). This later reacts with a molecule of water available in the 
reaction medium or blood medium of the patient (Scheme 
2, reaction 2). These chemical transformations result in the 
regeneration of the enzyme or RNA polymerase as well as the 
decomposition of phospholipids (Scheme 2, reaction 2).

Enzymatic hydrolysis of glycolipids

The plausible reaction mechanism of the hydrolysis of 
glycolipids is accelerated by the RNA polymerase (Scheme 
3, reaction 1). Indeed, the starting step of the hydrolysis of 
glycolipids is the glycolipid protonation via the reaction of 
glycolipid with the RNA polymerase. This step is followed by 
the inversion of the chair-like conformation of the protonated 
glycolipid to generate the twist-boat conformation in order 
to line up a lone pair of intra cyclic oxygen electrons into 
an antiperiplanar fashion with respect to the living group. 
This kind of living group, it will easily departure due to the 
electronic pressure because of the lone pair of intra cyclic 
oxygen electrons. This step fi nalizes the decomposition of 
the glycolipid since it permits the formation of the cyclic 
oxocarbonium ion and the lipid degradation moisture (Scheme 
3, reaction 2). The following step involves the nucleophilic 
addition of the RNA polymerase conjugate base to the cyclic 
oxocarbonium ion resulting therefore to the esterifi cation of 
the carbohydrate moisture, and this addition reaction allows 
the production of the corresponding compound (Scheme 3, 
reaction 3). The following steps demonstrate the action of a 
molecule of water to regenerate the RNA polymerase and the 
formation of the corresponding products (Scheme 3, reactions 
4-7). 

Enzymatic hydrolysis of glycoproteins

Hydrolysis of glycoproteins begins with the reaction 
between RNA polymerase and the appropriate glycoprotein to 
furnish the predicted intermediate product (Scheme 4, reaction 
1).11 This step is followed by  the inversion of the intermediate 
product chair-like conformation to adopt a twist-boat 
confi guration in order to line up an intra-cyclic oxygen lone 
pair in an antiperiplanar manner to the living group in order 
to generate the oxocarbonium ion as well as the glycoprotein 
disintegration product or the protein fragment (Scheme 4, 
reaction 2). This part of the hydrolysis of glycoprotein is 
followed by the nucleophilic addition of the RNA polymerase 
to the oxocarbonium ion to furnish the adequate intermediate 
product (Scheme 4, reaction 3). The following stages fi nalize 
the glycoprotein hydrolysis reaction (Scheme 4, reactions 4-8). 

Enzymatic synthesis of RNA 

When bacteriophages penetrate the targeted bacteria, 
they spread or multiply and consequently, the excessive 
accumulation of bacteriophages into the bacterial cytoplasm 
leads to the degradation of the infectious bacteria. In order to 
achieve that, the bacteriophages synthesize many molecules 
of RNA by hydroxylation of DNA substrate (Scheme 5). The 
reasonable mechanism of his kind of organic synthesis starts 
with the nucleophilic addition of aspartate residue to the DNA 
carbon 2’ in order to eject a hydride ion, which will be trapped 
with a coenzyme or an oxidized molecule of nicotinamide 
adenine dinucleotide (NAD+) to provide the corresponding 
products (Scheme 5, reaction 1). This reaction sequence is 
followed by the hydroxylation of the intermediate product 
carbon 2’ with a molecule of water (Scheme 5, reaction 2). As 
a result, another intermediate product is formed of which the 
proton reacts with nicotinamide adenine dinucleotide hydride 
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(NADH), and the regeneration of RNA polymerase as well as 
the formation of the oxidized state of NADH or nicotinamide 
adenine dinucleotide (NAD+) (Scheme 5, reaction 2, reaction 
3). 

Enzymatic synthesis of DNA

Within the bacterial cellular cytoplasm or bacterial 
intracellular reaction medium, bacteriophages also synthesize 
many molecules of DNA by elimination of an RNA hydroxide 
leaving group. This chemical conversion is catalyzed by aspartic 
and glutamic acid residues situated in the DNA polymerase 
active centre (Scheme 6) [12-19]. In this context, aspartic 
acid donates un proton to the carbon 2’ hydroxide group of a 
bacteriophage RNA to produce the corresponding compounds 
(Scheme 6, reaction 1). This reaction step is followed by the 
displacement of a leaving group (water molecule) due to the 
nucleophilic addition of a hydride ion from NADH. As a result, 
DNA molecules are formed as well as NAD+ including DNA 
polymerase (Scheme 6, reaction 2, reaction 3). 

It is important to mention that aspartic and glutamic 
acids are essential amino acids for DNA polymerase catalytic 
activities. In the same perspective, chemical constituents such 
as NADH along with hydrochloric acid available in the cytosol 
(a liquid portion of cellular cytoplasm) play a fundamental role 
in the microorganism metabolic process [12-19]. 

Conclusion

I have shown the noteworthiness of the chemistry 
or reactivity of organic compounds to better understand 
bacteriophage therapy fashion. From this perspective, this 
category of medical approach has been demonstrated, in 
detail, taking advantage of the enzymatic organic reaction 
mechanisms. In other words, this conceptual study has revealed 
that bacteriophages hydrolyze bacterial cellular membrane 
phospholipids, glycolipids, and glycoproteins before reaching 
the bacterial cytoplasm where they synthesize ribonucleic 
acids as well as deoxyribonucleic acids, for the purpose of 
becoming preponderant to detriment of the pathogen bacteria. 
This bacteriophage pathway contributes enormously to the 
neutralization of the targeted bacteria. 

Essentially, the enzymatic reactions exhibited in this 
article are reasonable in organic chemistry because usually, 
it is known that organic reactions take place upon functional 
groups of reactive entities. That is to say, functional groups are 
the root of organic compound reactivity. In that perspective, 
the enzymatic reactions developed in this conceptual research 
are a consequential added value, which can be applied to 
explaining the mechanism of action regarding therapeutic 
organic substances. It can be especially applied to demonstrate 
the chemistry or the reactivity of potentially anticancer organic 
compounds with respect to our ongoing research.
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