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A R T I C L E I N F O  A B S T R A C T 

Article history:  

Tetracycline is an antibiotic with powerful antibacterial activities against a wide variety if microorganisms. It is 

a potent antibacterial antibiotic that inhibits protein synthesis to work and it is also a good medication 

because of its low toxicity and adverse reaction, oral absorption, and effectiveness against disease-causing 
germs. Its major mechanism of action is based on inhibition of protein synthesis. The relatively low toxicity & 

allergic reaction, effective oral absorption, and wide range of effectiveness against disease causing 

microorganisms are reasons why tetracycline is regarded as a good medication. Tetracycline mechanism of 
action is mainly its inhibitory ability of protein synthesis. It inhibits aminoacyl-tRNA from binding to the 

ribosome's A site and thus prevent any further amino acid addition to the developing polypeptide chain. It 

inhibits protein synthesis at once and disrupt several enzymatic activities essential to propagation and 
survival. This inhibitory ability is less apparent in surrounding human/animal cells during treatment, which 

is due to inability of such cell to pump tetracycline into their cytoplasm against concentration gradient unlike 

bacteria cells. In addition, its ability to disrupt cellular membrane causes organelles o leak from the cell and 

thus impedes propagation or multiplication. However, tetracycline resistance was observed over time. 
Tetracycline resistance has been observed to be caused by the action of intrinsic enzymes synthesized to 

inactivates or degrade it. Also, the excretion and efflux of tetracycline from the cytoplasm, thus reducing 

cytoplasmic concentration and ultimately, its efficacy. Such microorganism possesses membrane proteins or 
transporters that can export tetracycline at a rate equal to or greater than its influx rate. The transporters 

could be tetracycline specific or a multidrug transporter. Another mechanism of tetracycline resistance is 

known as ribosome's protection. Although the mechanism is not well known, ribosome protective resistance 
protein (TetM) binds to the ribosome's binding site. This molecule has similarities to elongation factor, and it 

allows the elongation of polypeptide chain while reducing the affinity of the binding site to tetracycline. This 

ultimately makes tetracycline ineffective against the microorganisms. This mechanism can also be used in 
conjunction with efflux mechanism of tetracycline resistance.  
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1. Introduction 

1In the 1950s when tetracycline was discovered, its 
antibacterial spectrum exceeded that of any other antibiotic. 
Tetracyclines are renowned for their powerful antibacterial 
action against a wide variety of bacteria, including Gram-

positive and Gram-negative strains, rickettsia, spirochetes, 
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and even large viruses such as those belonging to the 
lymphogranuloma group. Tetracyclines are commonly 
prescribed for a variety of bacterial infections, including 
those caused by Escherichia coli and Haemophilus 
influenzae, bile duct infections, bacterial respiratory 

disorders (such as bronchitis prophylaxis), mixed infections 

of the mouth, pharynx, or intestines, brucellosis, tularemia, 
plague and other pasteurellosis, leptospirosis, and 
lymphogranuloma. Tetracycline drugs, however, have lost 
potency due to bacterial resistance. Antibiotics that were 

formerly the treatment of choice for bacterial illnesses such 
as staphylococcus, streptococcus, and pneumococcus are 
now regarded as inferior (Aljedani, 2022; Cholera & 
Neutropenia, 2022). Tetracyclines are antibiotics that inhibit 

bacterial growth by interfering with protein synthesis or by 
causing membrane damage. Increasingly diverse bacteria 
are acquiring resistance to the bacteriostasis-inhibiting 
actions of tetracycline (Begum et al., 2021).  
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The efflux pump mechanism and the EF-G-like protein 
offering ribosome protection are both prevalent bacterial 

resistance mechanisms, although neither degrades 
tetracycline. In a few species, oxygen degrades tetracycline. 
Tetracycline resistance in bacteria is the result of many 
efflux transporters, including multidrug-resistance pumps 

and tetracycline-specific exporters. The mechanism of 
tetracycline transport is starting to take form because of the 
discovery of single amino acids that are crucial for 
tetracycline transport and substrate selectivity in these 

carrier proteins (Kyriakidis et al., 2021). 

There are several reasons why tetracycline is such a good 
medication: 

 They are effective against most bacteria and viruses. 

 The evidence shows that oral absorption is effective. 

 Their toxicity is rather low. 

 Few individuals are allergic to them. 

 Cost-effectiveness is an important selling feature 
(Terreni et al., 2021) 

2. Materials and Methods 

In the last 48 years, tetracyclines have been widely made 
use of for the treatment and prevention of bacterial 
infections in humans and animals. Due to their broad use, 
tetracyclines' manufacturing volume has increased the most 

among antibiotics (Low et al., 2021). Like the development of 
bacterial resistance to all antimicrobial medications, the 
emergence of tetracycline-resistant bacteria has led to major 
restrictions on its usage. 

Consequently, one of the most significant future goals in 
the treatment of infectious diseases is the development of 
methods to prevent bacterial resistance. Such advancement 
would be facilitated by a greater understanding of the 

mechanisms behind antibiotic action and resistance (Keet & 
Rip, 2021; Tshibangu-Kabamba & Yamaoka, 2021). 
Following a short introduction of the antibacterial action 
and absorption of tetracycline, this research focuses on the 

molecular characteristics of the two most prevalent types of 
tetracycline resistance. This study will also assess the 
present level of knowledge about the mechanism of action of 
tetracycline, tetracycline resistance mechanisms, and the 

regulation of resistance genes. A further purpose is to collect 
information on plasmids and other gene-transfer elements, 
particularly those with the ability to transmit tetracycline-
resistance genes. 

Structure and Action Mechanism of Tetracycline 

Figure 1 shows structure of tetracycline. 

 
Fig. 1. Tetracycline structure 

Apart from dactyclocylines that are novel tetracycline 
derivatives produced from Dactyclosporangium spp, all 

other tetracycline derivatives have been successfully used to 
treat human diseases (Sharma et al., 2018; Vasudevan et 
al., 2020). According to research, dactylocyclines are 
different as they are glycosides of tetracycline, and their 

application is restricted to bacteria devoid of tetracycline 
resistance genes of class K. In contrast, dactylocyclines are 
ineffective against microorganisms sensitive to tetracycline. 
This is presumably due to the inability of gram-negative and 

some gram-positive bacteria to absorb dactylocyclines, 
which would normally inhibit their growth (Fitzgerald, 2012; 
Wang et al., 2019) 

Like tetracycline, dactylocyclines inhibit protein synthesis 

in the linked transcription-translation system (Wang et al., 
2019). These results are encouraging because they imply 
that other tetracycline compounds that are effective against 
recognized resistance mechanisms may be 

identified. Success in the development of lactamase-
resistant, lactam antibiotics and new quinolones has 
provided renewed optimism for the creation of novel 
tetracycline derivatives that are effective against 

tetracycline-resistant bacteria. For the creation of such 
drugs, a thorough understanding of resistance mechanisms 
is important (Kartalidis et al., 2021; Lima et al., 2020).  

Tetracycline's Mechanisms of Action 

Tetracyclines inhibit aminoacyl-tRNA from binding to the 
ribosome's A site, hence inhibiting protein synthesis. 
Tetracycline suppresses bacterial growth by attaching to the 
30S component of the ribosome. This prevents any further 

amino acids from being added to the developing peptide 
chain. In most instances, the impact is inhibitive and 
subsides when the medication is discontinued. Tetracycline 
binds to the small ribosomal subunit of both prokaryotes 

and eukaryotes, however its effects on mammalian cells are 
less apparent (30S and 40S, respectively). Unlike human 
cells, bacteria pump tetracycline forcefully into their 
cytoplasm against a concentration gradient. This explains 

why tetracycline has such a low off-target effect on human 
cells (Bunick et al., 2021; Dmitriev et al., 2020). 

Tetracyclines impede several enzymatic activities required 
for bacterial cells to carry out their essential tasks. Protein 

synthesis is the most readily inhibited biological process. 
Tetracycline facilitates the leakage of nucleotides and other 
substances from cells due to its ability to break the 
cytoplasmic membrane. In other words, this does not kill the 

bacteria but stops its multiplication (Bhattacharjee, 2022; 
Dalhoff, 2021). 

Tetracycline Resistance Mechanisms 

There are three different ways for bacteria to gain 
tetracycline resistance: 

 Inhibiting tetracycline's access to ribosomes, 

 Altering the ribosome to lower the binding affinity of 

tetracycline, and 

 Generating enzymes that degrade tetracycline 

In clinical isolates, all three types of resistance were seen. 
In recent years, several tetracycline resistance genes have 
been identified, necessitating a classification scheme for 
them (Bunick et al., 2021; Rusu & Buta, 2021). 
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Protection of Ribosomes from Tetracycline 

Consumption falls: Tetracycline can only inhibit protein 

synthesis if it enters the cell of the bacteria and binds to the 
ribosome. Tetracycline build-up in the cytoplasm of 
tetracycline-susceptible bacteria cannot be explained only 
by diffusion (Hörömpöli et al., 2021; Ramachanderan & 

Schaefer, 2021; Sanganyado & Gwenzi, 2019).  

Tetracycline exists in two forms: the protonated (TH2) 
form and the magnesium (Mg) chelated form (THMg). Unlike 
the THMg form, which cannot diffuse into phospholipid 

bilayers, the TH2 form diffuses readily. As the internal pH of 
the bacteria is larger than its outside pH, tetracycline stays 
trapped as THMg inside the bacteria (Sanganyado & Gwenzi, 
2019). Tetracycline-resistant bacteria would have a tough 

time growing if the medication could only be taken up by 
diffusion across the cytoplasmic membrane. Not 
surprisingly, no such resistance has emerged (Michael-
Kordatou et al., 2018). Modification of porin proteins (such 

as OmpF) to inhibit the diffusion of tetracycline into the 
periplasm is a possible mechanism of resistance in gram-
negative bacteria. Multiple gram-negative bacteria possess 
this resistance mechanism, which may diminish sensitivity 

by a ratio of 6 to 18 (Prajapati et al., 2021). Antibiotics such 
as 3-lactams and fluoroquinolones are no longer effective 
against these resistant bacteria. Recent research indicates 
that variations in OmpF and other outer membrane proteins 

contribute to the diverse antibiotic resistances of some E. 
coli strains (Bello & Dingle, 2018; Ropponen et al., 2021). 

 Tetracycline (T) may decrease protein synthesis in 

sensitive bacteria by binding to their ribosomes after 
the medication has accumulated to a sufficient level 
inside the bacterium (Salyers et al., 1990). 

 Tetracycline is efficiently exported from the cell when 

bacteria with an efflux-type resistance gene produce a 
cytoplasmic membrane protein. This keeps an 
intracellular concentration low enough for protein 

synthesis to commence (Sharkey & O’Neill, 2018; Shen 
et al., 2020).  

 In response to high intracellular concentrations of the 

drug, bacteria with a ribosome protection-type 
resistance gene produce a 72-kDa cytoplasmic protein 
that binds to the ribosomes and allows them to 
continue protein synthesis. Although one of the 

ribosomal subunits obviously darkens when the 72-kDa 
protein is active, it is still unknown if the resistance 
protein interacts with the ribosome.  

 Tetracycline-resistant bacteria produce a 44-kilodalton 

enzyme that converts tetracycline (T) to its inactive (t) 
form, enabling the medication to escape the cell 
unimpeded. Oxygen and NADPH are essential to the 
enzymatic reaction (Salyers et al., 1990).  

3. Results and Discussion 

Excretion of Tetracycline 

Tetracycline's access to ribosomes may also be restricted 
by pumping the antibiotic out of the cell at a rate equal to or 
greater than its absorption. It is reasonable to conclude that 

tetracycline efflux is the most studied and well-known 
antibiotic resistance mechanism in this class (Lakemeyer et 
al., 2018).  

The tetracycline transporter protein expressed by the 
resistance gene is a cytoplasmic membrane protein whose 

optimal functioning needs energy. The mechanisms by 
which this efflux protein eliminates tetracycline from the cell 
and offers cell protection remain unknown. The efflux of 
tetracycline clearly reduces its buildup within sensitive cells, 

but the intracellular concentration of tetracycline is still 
quite high compared to the levels that inhibit protein 
synthesis. One explanation is that tetracycline may exist in 
several ionic forms. Perhaps one ribosome form fits better 

than the other (Hong, 2018; Tripathi, 2020). 

Protein synthesis may need the maintenance of high 
intracellular concentrations of tetracycline through 
preferential pumping of the active form if this is the case. It 

is also likely that the co-induced repressor protein and Tet 
protein are responsible for the high internal levels of 
tetracycline (Henderson et al., 2021). It is also possible that 
ribosomes in living cells are more resistant to tetracycline 

than those in in vitro systems.  

There are currently eight distinct kinds of tetracycline 
efflux genes. Classes A through E are used to categorize the 
family Enterobacteriaceae, which includes the genera 

Haemophilus, Vibrio, Aeromonas, and Moraxella (Sony et 
al., 2021; Tshibangu-Kabamba & Yamaoka, 2021). The class 
P gene, which encodes tetracycline efflux-type resistance, 
has recently been discovered to be exclusive to Clostridium 

species (Hendriksen et al., 2019; Korry et al., 2020). Only 
gram-positive bacteria contain the K and L classes. At first 
sight, it seemed that Staphylococcus spp. were more likely to 

include class K than Streptococcus and Enterococcus spp 

(Weiner-Lastinger et al., 2020). On the other hand, recent 
findings of gram-positive cocci and Bacillus spp. strains 
carrying both class K and class L resistance genes have cast 
doubt on the existence of such a clear division (Sánchez-

López et al., 2020).  

Although sensitive to the lipophilic analog minocycline 
has been used to classify efflux resistance genes in the past, 

DNA-DNA hybridization is currently the preferred technique. 
It has been shown that bacteria having resistance genes 
from Efflux Classes A, B, E, and K are more resistant to 
minocycline than bacteria harboring resistance genes from 

other efflux classes, with Class B exhibiting much higher 
resistance than Classes A, E, and K. The reason for this 
disparity is unknown (in minocycline susceptibility), but it 
implies there may be two functional classes of efflux-based 

resistance (Taiariol et al., 2021). 

Ives and Bott showed that a region of the B. Subtilis 
chromosome near to the replication beginning may provide 
tetracycline resistance when the copy number is increased 

(Ives & Bott, 1990). Tetracycline resistance was supplied by 
several tandem duplications of this chromosomal region, 
while the initial strain bearing a single copy of this area was 
sensitive to the antibiotic. The same tetracycline resistance 

was seen when the region was cloned into a plasmid with 
several copies (Li et al., 2015). Clearly, a single copy of the 
gene is insufficient to provide resistance owing to inadequate 
expression. The sequencing of the gene revealed that it 

belonged to class L (Ives & Bott, 1990). 

Not all Bacillus subtilis strains include the cryptic 
tetracycline efflux gene (Ogawara, 2019; Wu et al., 2019). 
Although B. subtilis is not a pathogen that affects humans, 

the discovery of a hidden resistance gene in this strain 
suggests that other potentially harmful organisms may also 
harbor cryptic resistance genes. There is a high degree of 
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DNA sequence similarity across the different categories of 
structural efflux resistance genes. Classes A and C share 

74% of their genetic makeup, but classes B and C share just 
45% of their genetic makeup (Bahram et al., 2018; Sawa et 
al., 2020).  

Similarly, tet(K) and tet(L), two gram-positive efflux 

structural genes, share 69% of their DNA sequence (Breijyeh 
et al., 2020; Sun et al., 2019). The phylogenetic research of 
classes A–C and classes K–L has indicated that these two 
groupings are likely descended from a common ancestor 

through diverging lines of ancestry (Koonin et al., 2020). 
Streptomyces nimosus, which has a resistance gene, may 

represent a third bacterial branch. The amino-terminal 
regions of tetracycline efflux proteins resemble those of other 

proton-dependent transport proteins, including sugar 
transporters. The efflux-type resistance genes may have 
descended from transport genes as a result (Bianchi et al., 
2019; Du et al., 2018; Osman et al., 2019). 

Safeguarding Ribosomes 

The most well-known type of tetracycline resistance is 
tetracycline efflux, while ribosome protection is less well-
known. Despite its relative unfamiliarity, this mechanism is 

probably more widespread than tetracycline efflux 
(Ashhurst-Smith, 2012). On sodium dodecyl sulphate 
polyacrylamide gel electrophoresis, the resistance gene 
product migrates as a 68-kDa protein; however, DNA 

sequence analysis reveals that the actual size of the protein 
is 72 kDa. This cytoplasmic protein interacts with the 
ribosome, making it resistant to tetracycline inhibition (Niu 
et al., 2021; Strätker et al., 2021). It is unknown precisely 

how the resistance protein interacts with the ribosomes. It 
has been shown that one of the ribosome protective 
resistance proteins (TetM) binds to ribosomes. 

TetM has no effect on the binding of tetracycline to 

ribosomes, as shown by Manavathu et al. in 1990. TetM 
does not appear to catalyze the covalent modification of a 
ribosomal component, unlike erythromycin (Bhattacharjee, 

2022). The specific function of the ribosome protection 
protein is still up for dispute until its binding sites on the 
ribosome and its role in protein synthesis are established. 
Tet(M), Tet(O), and Tet(Q), three distinct families of ribosome 

protective resistance genes, have been discovered through 
characterization and sequencing research (Sharkey & 
O’Neill, 2018). 

In 1986, Burdett and others postulated the presence of a 

second class of ribosome protection genes in streptococci, 
which they referred to as class N (Burdett, 1986). However, 
further research has disproven this notion. Tet(M) was first 
discovered in gram-positive cocci, but it has now been 

recognized in many additional bacterial species. Included in 
this category are Neisseria, Haemophilus, Mycoplasma, 
Ureaplasma, Streptococcus, Staphylococcus, 
Peptostreptococcus, Bacteroides, Kingella, and Bacillus spp. 

The amino acid sequence of ribosome protection resistance 
proteins is very similar to that of elongation factor G 
(Breijyeh et al., 2020; Hayes et al., 2020; Price et al., 2018). 

In the GTP-binding site region of elongation factor G, 

homology is greatest. TetM has ribosome dependent GTPase 
activity, like elongation factor G (Burdett, 1991). This 
indicates that genes producing bacterial elongation factors 
may have been the origins of ribosome protection genes. 

Combinations of efflux and ribosome protection resistance 
genes have been found in bacterial strains (Berglund et al., 

2020; Roberts, 2019). It was discovered in 1990 that many 
Staphylococcus aureus strains carry both tet(K) and tet(O) 

and that some isolates have all three (M). Also, Roberts 
observed that some strains of Streptococcus spp. and 
Peptostreptococcus spp. It would be intriguing to see if the 
overall impact of these several forms of resistance is greater 

than the effect of any one type of resistance alone (Roberts, 
2019). 

4. Conclusion 

Tetracyclines are great candidates for reintroduction into 
medicine due to their numerous favorable characteristics. 
The recent discovery of a new family of tetracycline 

derivatives, the dactylocyclines, implies that further classes 
of tetracycline may be found in the future. After studies 
revealed that certain tetracycline derivatives may not hinder 
protein synthesis, there is reason to anticipate that new 

tetracycline derivatives may be on the horizon. Bacteria 
exposed to tetracycline derivatives that do not target the 
ribosome are unlikely to acquire tetracycline-resistant genes 
that protect the ribosome. To elucidate the mechanisms of 

tetracycline efflux and ribosome protection, further study is 
required. 
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