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НАПРАВЛЕНИЕ 2. ХИМИКО-БИОЛОГИЧЕСКОЕ НАПРАВЛЕНИЕ

IN VITRO ANTIMICROBIAL EFFECT OF 6-THIOGUANINE

Albasri S., Sysa A.
International Sakharov Environmental Institute of Belarusian State University,

Minsk, Republic of Belarus

Summary. The widespread use of antibiotics has led to the emergence and rapid
spread of resistance in microorganisms. Currently, more and more known and new
strains of bacteria are becoming resistant to the drugs used. One of the poorly studied
classes of compounds with potential antibacterial activity are derivatives of nucleic
acid components: nucleosides, nucleotides, and their modified analogs. This study has
revealed the effect of 6-thioguanine as an antimicrobial agent, and has shown that thio-
purine derivative enhanced might be able to combat infections caused by some bacteria
strains in the future.

Key words: modified nucleosides, 6-thioguanine, antibacterial activity.

6-thioguanine (6-TG) or thiopurine antimetabolite, as an analog of purine nucle-
osides, was first recognized as a health-promoting agent in the treatment of neoplastic
conditions. This cytotoxic agent is extensively applied to treat disorders like acute leu-
kemia, auto-immune disease, and inflammatory bowel disease.

Nevertheless, high doses of 6-TG are toxic and can lead to serious side effects,
such as bone marrow depression, causes myelosuppression, gastrointestinal complica-
tions, and liver problems. Accordingly, there is a need to develop a facile and sensitive
approach to control the 6-TG concentration in various biological and pharmaceutical
media. The administration of 6-TG in treating various cancers such as acute lympho-
blastic leukemia at an appropriate and effective dose is of great importance in analytical
measurements for both biological and pharmaceutical preparations. Hence, numerous
methods have been employed in this regard so far, including high-performance liquid
chromatography, chemiluminescence, colorimetric assays, surface-enhanced Raman
scattering, liquid chromatography- tandem mass spectrometry, and localized surface
plasmon resonance for the determination of 6-TG. It should be noted that these tech-
niques, in addition to excellent selectivity and sensitivity, have some disadvantages
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such as expensiveness, the need for pretreatment, and complicated analysis. Among 
these, electrochemical analytical techniques have attracted special attention due to their 
unique properties like simplicity, rapidity, field-based portability, and cost-effective-
ness. 

6-Thioguanine (6TG) is a widely used chemotherapeutic agent for the treatment 
of a variety of human diseases including acute lymphoblastic leukemia. After entry 
into cells, 6TG is metabolically converted into 6-thioguanosine nucleotide that can be 
incorporated into the genome during DNA replication. in genomic DNA could induce 
cell death by triggering the post-replicative mismatch repair (MMR) pathway. Mean-
while, incorporation of 6TG into the CpG sites could perturb the global DNA methyl-
ation and gene regulation. However, the effect of 6TG on RNA modifications is still 
unknown. 

6-thioguanine (Figure 1) usually depressed the formation of protein and DNA in 
accordance with the decreased formation of cell mass, but RNA synthesis was de-
creased by a greater extent [2]. Uracil incorporation into RNA pyrimidines was more 
specifically depressed than was RNA synthesis, whereas the conversion of orotic acid 
into RNA pyrimidines was enhanced during growth with 6-thioguanine. The incorpo-
ration of amino acids into proteins was not specifically affected by drug treatment, but 
considerable fluctuations in replicate experiments were observed. The induction of 
penicillinase was unaltered by the analog. Bacterial flagella formation, on the other 
hand, was largely abolished, and the conversion of diaminopimelic acid into cell wall 
was decreased. 

 
Figure 1. Structure of 6-thioguanine 

 
In this research we briefly discuss the efficacy of 6-thioguanine against different 

bacteria strains, e.g. B. cereus (gram-positive, facultatively anaerobe), and S. aureus 
(gram-positive, facultative anaerobe) as showed in (Figure 2). 
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Figure 2. Effect of 6-thioguanine against exponential phase of S. aureus and B. cereus 

(incubated aerobically) at 37 °C for 24 h 
 
B. cereus culture treated with 10-4 M of 6-thioguanine achieved 35% reduction 

of cells growth after 24 h; while after cultivation with S. aureus the effectiveness was 
equal to 65% cells growth suppression. Generally, the modified nucleoside produced 
growth inhibition instantly, the duration but not the degree of which was related to the 
inhibitor concentration. 

In comparison experiments with the structurally closely related drug 6-mercap-
topurine, that analog produced very similar biochemical actions as did 6-thioguanine 
on nucleic acid and protein biosynthesis. The two drugs differed markedly, however, 
in the ability of purines to antagonize their growth-inhibitory properties. Other dissim-
ilarities between the drugs included a lack of inhibitory effect by mercaptopurine (but 
not 6-thioguanine) on guanine incorporation and a lesser enhancement of orotic acid 
incorporation into RNA pyrimidines in the presence of mercaptopurine. 

6-thioguanine clear effect on bacteria of B. cereus make it very promising purine 
agent against so many liens of Bactria because of high speed of effectiveness on RNA 
of the bacteria. 

It is postulated that 6-thioguanine produce a selectively damaging effect on the 
nucleic acids of B. cereus, perhaps on DNA, which leads to reduction of RNA synthesis 
and impairment of the formation of specific proteins. 
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