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Abstract
The virulence and resistance of pathogenic microorganisms are promoted by quorum-sensing (QS) mediated traits and biofilms. 
The development of antimicrobial agents which can reduce the incidence of microbial resistance by disrupting the establishment 
of biofilms and QS, constitute a suitable strategy to reduce the emergence of pathogenic strains that are resistant to antibiotics. In 
this study, 3-(1,3-dithian-2-ylidene) pentane-2,4-dione (1) and ethyl-2-cyano-2-(1,3-dithian-2-ylidene) acetate (2) were successfully 
synthesized and characterized using EIMS, 1H NMR and 13C NMR techniques. On S. aureus, both compounds had MIC (minimal 
inhibitory concentrations) of 0.625 mg/mL while on E. coli and C. albicans, compound 2 showed higher activity than compound 1. 
All compounds inhibited formation of biofilms by C. albicans and S. aureus at sub-MIC with compound 1 being more active than 
compound 2. On E. coli, only compound 1 inhibited biofilm formation. Violacein production of violacein in C. violaceum CV12472 
and quorum sensing in C. violaceum CV026 were inhibited indicating that the compounds could block signal production and recep-
tion. Anti-quorum sensing at sub-MIC concentrations revealed by inhibition zones were 13.0±0.5 mm and 8.0±0.5 mm at MIC and 
MIC/2 respectively for compound 1 and for compound 2, they were 11.5±0.4 mm and 7.5±0.0 mm at MIC and MIC/2 respectively. 
Concentration-dependent swarming motility was exhibited by both compounds with compound 1 slightly more active than com-
pound 2. The results indicate that the organosulphur compounds could be suitable candidates for modern antibiotics.
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Introduction
Resistance of pathogenic bacteria to most antibiotics is a 
threat to both animal and human health throughout the 
world and globally accounting for a rising number of de-
aths every year (about 700,000 human lives annually wor-
ldwide) and it is estimated that about 10 million people 
could die every year from infectious diseases due to anti-
microbial resistance by 2050, with accompanying financi-
al costs of about hundred trillion U.S. dollars, indicating 
that it could have more magnitude than major diseases 
like malaria and HIV aids (Antimicrobial Resistance Col-
laborators 2022; Baekkeskov et al. 2022). The increasing 
and wide range of infections caused by parasites, bacteria, 
fungi and viruses becomes difficult to treat with common 
medicines as they quickly develop resistance to each new 
antibiotic that enters the market, thereby making search 
for new antibiotics and antimicrobial agents imperative 
(Prestinaci et al. 2015). Resistance to antibiotics of certain 
bacteria is primarily due to many factors including altera-
tion of drug targets, impermeability of antibiotic into the 
microbial cells within colonies (formation of biofilms), ge-
netic mutations, generation of resistance genes and their 
transfer through plasmids (Heidari et al. 2022). Under 
adverse and unfavorable conditions, microbes can mutate 
into forms that have higher resistance to drugs, making 
it difficult for the normal antimicrobial substances that 
may kill or inhibit bacteria and these class of antibiotics 
are progressively getting out of use since they cannot inhi-
bit quorum-sensing and formation of biofilms (resistance 
factors) in bacteria (Tamfu et al. 2020b). Biofilms are bac-
terial clusters attached unto a surface and/or to each other 
and covered with a self-synthesized protective coating or 
matrix made up of substances like proteins and polysac-
charides which shields the bacterial from antibiotics and 
host defense systems and also to survive harsh conditions 
and hunger (Vestby et al. 2020; Tamfu et al. 2020c). QS 
also considered as cell-to-cell networks of communication 
refers to the ability within bacterial communities to sense 
and respond rapidly to the changes in their environment 
such as cell density, facilitated by small secreted signaling 
molecules referred to as auto-inducers (AI) and many 
quorum sensing mediated factors, such as swarming and 
swimming motilities, violacein synthesis, production of 
exopolysaccharide and biosurfactants contributes to the 
ability to form biofilms and develop resistance in bacte-
ria (Packiavathy et al. 2014; Tamfu et al. 2020a). Bacterial 
biofilms are responsible for almost 80% of severe and per-
petual microbial infections on humans and bacterial cells 
living inside biofilms maybe 10 to about 1000 times more 
resistant to antimicrobial agents than their planktonic 
counterparts (Sharma et al. 2019). Recent developments 
of strategies such as disruption of biofilm and QS are gai-
ning grounds and are used to combat the emergence of 
resistant microbial strains which are continuously consti-
tuting a major health issue across the globe (Ngenge et al. 
2021). There is a need for the search of alternative antimi-
crobial drugs which are safer with greater efficacy by re-

searchers and this has motivated increasing investigations 
on herbal and synthetic products for the discovery of new 
anti-pathogenic therapeutics that might be less toxic and 
also capable of inhibiting QS, thereby reducing infections 
and at the same time controlling or avoiding development 
of resistance by bacteria (Tamfu et al. 2020a; Ceylan et al. 
2020; Kocak et al. 2021). The situation has created an ur-
gent and highly demanding necessity for new antibiotic 
therapies that can subdue the emergence of strains that are 
resistant to existing antibiotics and disrupt microbial cell-
to-cell communication systems (QS) and elimination of 
biofilm formation which appears to be a suitable solution 
(Wang et al. 2019).

Some organosulfur compounds including thiosulfi-
nates, trisulfides and benzylsulfinic acid derivatives have 
been described as antibacterial and antifungal agents, sug-
gesting that sulfur containing compounds could have an-
timicrobial activity (Kim et al. 2006). This study targeted 
the syntheses of 3-(1,3-dithian-2-ylidene) pentane-2,4-di-
one and ethyl-2-cyano-2-(1,3-dithian-2-ylidene) acetate, 
and evaluation of their effects on microbial biofilms and 
quorum sensing.

Materials and methods
Synthesis and characterization of com-
pounds 1 and 2

Ethyl-2-cyano-2-(1,3-dithian-2-ylidene)acetate (Com-
pound 2) was prepared from potassium carbonate, 
K2CO3, (42 g, 0.3 mol) and ethyl 2-cyanoacetate (0.1 
mol), a suitable active methylene compound (AMC), were 
measured and mixed in 50 mL of DMF (dimethylforma-
mide). A magnetic stirrer was used to homogenize reacti-
on mixture followed by the addition of carbon disulfide (9 
ml, 0.15 mol) at room temperature. 1,3-dibromopropane 
(0.12 mol) was added drop wise to the mixture and the 
stirring continued for about 10 min. The reaction mixture 
was allowed under the stirrer for further 7 h after which 
500mL of ice-cold water were added. A yellow precipitate 
was formed and was filtered out and dried on a Whatman 
number 1 filter paper. The yield: 93%; The molar mass 
of the compound was determined to be M = 229 g/mol 
from which the molecular formula C9H11NO2S2 deduced. 
The melting point determined was 95 °C. FT-IR spectra 
of compound 2 obtained recorded in solid state, ʋ (cm−1): 
1700 (C=O), 1246–1004 (C–O ester), 2206 (C≡N), 1437 
(C=C). 1H NMR (CDCl3, 400 MHz): δH ppm; 1.35 (t, 3H, 
CH3—CH2), 2.30 (m, 2H, CH2), 3.00 (t, 2H, CH2S), 3.10 
(t, 2H, CH2S), 4.30 (q, 2H, CH2O). 13C NMR (CDCl3, 100 
MHz): δC 14.22 (s, CH3—CH2—O), 23.36 (s, S— CH2—
CH2—CH2—S), 28.99 (s, S—CH2—CH2—CH2—S), 61.26 
(s, CH3–CH2), 120.55 (s, CN), 76.69 (s, O C—C=C), 
165.56 (s, O-C=O), 180.7 (s, C=CS2).

3-(1,3-dithian-2-ylidene) pentane-2,4-dione (Com-
pound 1): pentane-2,4-dione, was used as the active me-
thylene compound to which K2CO3 (21 g, 0.15 mol) and 
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5.2 mL (0.05 mol) of DMF were added and the mixture 
stirred using a magnetic stirrer. 4.5 mL of carbon disul-
fide (0.075 mol) were added and the stirring continued 
for 10 mins after which 1,3-dibromopropane (0.06 mol) 
was introduced in a drop wise manner for 20 min under 
continuous stirring. 250 mL of ice-cold water was intro-
duced into the reaction mixture and continuously stirred 
for further 7 hours at room temperature. Orange crystals 
of compound 1 were obtained after the precipitate for-
med was filtered and purified through recrystallization 
in ethanol. The yield of the synthesis was 83%. The mo-
lecular formula of compound 1 was determined as M = 
216 g/mol and the molecular formula derived from there 
was C9H12O2S2. The melting point of the compound 1 was 
104 °C. The FT-IR spectra of compound 1 determined 
in the solid state, ʋ (cm−1): 1630 cm-1 (C=O), 1725 cm-1 
(H3C-C=O), 1173–1234 cm-1 (C-S-C), 1415 cm-1 (C=C). 
1H NMR (CDCl3, 400 MHz): δH ppm; 2.32 (s, 6H, 2CH3), 
2.25 (m, 2H, CH2), 2.95 (t, 4H, 2CH2).

Antimicrobial assays

Microbial strains

The microorganisms used in this study are Staphylococcus 
aureus ATCC 25923, Enterococcus faecalis ATCC 29212, 
Listeria monocytogenes ATCC 7644, Pseudomonas 
aeruginosa ATCC 27853, Salmonella typhi ATCC 14028, 
Escherichia coli ATCC 25922, Candida albicans ATCC 
10239, Candida tropicalis ATCC 13803, Pseudomonas 
aeruginosa PA01 Chromobacterium violaceum CV12472 
and Chromobacterium violaceum CV026.

Determination of Antimicrobial activity (MIC)
Minimal inhibitory concentrations (MICs) were evalua-
ted using 96-well microplates by broth dilution method 
described by the Clinical and Laboratory Standards Insti-
tute (CLSI, 2006). MIC was the least concentration of the 
test compound in which there was no visible microbial 
growth. Mueller-Hinton broth was used as the medium 
and 5×105 colony-forming units (CFU)/mL of bacteri-
al density was used. 100 μL of microbial cell suspension 
were introduced into the wells of 96-well plates together 
with the test compounds at final concentrations of 5.0, 
2.5, 1.25, 0.625, 0.312, 0.156 mg/mL. The microplates were 
then incubated at 37 °C overnight and MIC values dedu-
ced based on optical densities.

Assay of antibiofilm activity of test 
compounds
The antibiofilm effect of the compounds at MIC and sub-
MIC concentrations (1, 1/2, 1/4 and 1/8 MIC) on test pa-
thogens were evaluated using a microplate biofilm method 
(Merritt et al. 2005). 1% of overnight bacterial cultures 
were introduced into 200 μL of Tryptose-Soy Broth (TSB) 
containing 0.25% of glucose and with or without the test 
compounds and incubated at 37 °C for 48 hours and then 
wells of the plates were carefully emptied and rinsed with 

distill water so as to remove the planktonic microbial cells. 
The control wells contained only broth and bacterial cells. 
The bacterial cells within the established biofilms were 
subsequently stained at room temperature by introducing 
0.1% solution of crystal violet for about 10 minutes after 
which the crystal violet solution was pipetted out. The 
wells of the plates were then filled with 200 μL of either 
ethanol (70%) or glacial acetic acid (33%) and then sha-
ken gently. The optical densities (OD) were then recorded 
at 550 nm using a Thermo Scientific Multiskan FC, Van-
taa, Finland spectrophotometer. The antibiofilm activity 
expressed as percentage inhibition of the test compounds 
were deduced using the formula:

Biofilm inhibition %
OD550Control OD550S mple

OD550Control
100

Bioassay for quorum-sensing inhibition 
(QSI) on C. violacium CV026
The quorum-sensing inhibition of the compounds were 
assayed as described elsewhere (Koh and Tham 2011) with 
some very little modifications. 100 µL of overnight fresh 
cultures of CV026 were mixed with 5 mL of milliliters of 
warmly prepared molten soft agar prepared by mixing in 
200 mL deionized H2O, 1.0 g NaCl, 1.3 g agar and 2.0 g 
tryptone, followed by addition 20 µL of exogenous acyl-
homoserine lactone (C6HSL at 100 µg/mL concentration). 
The molten agar mixture containing the CV026 bacteri-
al cells were poured gently as overlay unto the surface of 
solidified Luria-Bertani Agar (LBA) plates. 5 mm diame-
ter wells were made on the plates after solidification and 
subsequently filled with 50 µL of sterilized MIC and sub-
MIC concentrations of test compounds. The plates were 
incubated at 35 °C for 3 days after which they were obser-
ved for anti-QS activity in which a cream-colored circle 
formed around the well on the purple surface of actively 
growing CV026 bacteria indicated QSI and the diameters 
were recorded and given in mm. For each sample, three 
parallel assays were conducted and QSI was the average of 
the inhibition zones.

Evaluation of violacein inhibition in C. vio-
lacium CV12472
Each of the test compounds was evaluated for its abi-
lity to inhibit the synthesis of violacein by C. violaceum 
ATCC 12472 in a qualitative assay as described previously 
(Tamfu et al. 2020a). 10 µL of overnight fresh cultures of 
CV12472 (0.4 OD at 600 nm) were mixed with 170 µL of 
LB broth in sterilized microplates and 20 µL of test com-
pounds MIC and sub-MIC concentrations. Assay in which 
the compound was not added (LB broth and CV12472) 
served as positive control. Test plates were incubated for 
24 hrs at 35 °C after which the absorbances were read at 
585 nm to determine any reduction of violacein pigment 
with respect to the control. Violacein inhibition expressed 
as percentage inhibition was deduced from the formula:

Violacein inhibition %
OD585 control OD585 s mple

OD585 control
100
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Inhibition of swarming motility on 
P. aeruginosa PA01

The determination of swarming movement in 
P.  aeruginosa PA01 was done according to the method 
described elsewhere (Packiavathy et al. 2012). Summarily, 
plates consisting of swarming agar were prepared by 
mixing 0.5% agar, 0.5% NaCl, 0.5% D-glucose and 1% 
peptone and MIC, MIC/2 and MIC/4 concentrations of 
test compounds which were added before solidification. 
5 µL of P. aeruginosa PA01 overnight fresh cultures 
were point-inoculated on the center of each plate and 
plates without compounds were used as controls. Each 
plate was incubated at 37 °C and after 24 hrs, swarming 
migration was determined by measuring the swarming 
front diameters and percentage reduction in swarming 
calculated with respect to the control plates.

Results
Structures of compounds 1 and 2

The structures of compounds 1 and 2 are given in Fig. 1. 
The compounds were prepared from their respective ac-
tive methylene compounds by first reacting with a base 
which deprotonates the methylene proton. The carbanion 
formed is stabilized through resonance by the carbonyl 
groups as in compound 1 or the carbonyl of ester group 
and the cyanide functional group as in compound 2. The 
carbanion then attacks the carbondisulphide, followed by 
the formation of the dithiol intermediate which them re-
acts with the 1,3-dibromide to give the final product as 
shown on Figs 2, 3.

Antimicrobial activity

Some sulfur-containing compounds have been used as 
antibiotics to treat infectious diseases especially for trea-
ting various skin diseases. The synthesized dithiane deri-
vatives showed interesting antimicrobial property against 
C. albicans, E. coli and S. aureus. The antimicrobial activity 
of the two compounds, 3-(1,3-dithian-2-ylidene) penta-
ne-2,4-dione and ethyl-2-cyano-2-(1,3-dithian-2-ylidene) 
acetate, are reported as MIC values, which is defined as the 
lowest concentration of compound for which no growth 

of bacterial cells was visible and the results are reported on 
Table 1. On the Gram positive bacterium S. aureus, both 
compounds had the same antimicrobial activitiy with 
MIC values of 0.625 mg/mL. On the Gram negative bacte-
rium E. coli, compound 1 was less active (MIC = 1.25 mg/
mL) than compound 2 (MIC = 0.625 mg/mL) and equal-
ly on the yeast C. albicans, where compound 1 exhibited 
a MIC of 0.625 mg/mL compared to compound 2 with 
MIC of 0.312 mg/mL. It could be seen that the tested mi-
croorganisms exhibited more susceptibility to compound 
2 than to compound 1.

Antibiofilm activity

Biofilm is composed of sessile microbial cells living within 
a self-produced polymeric matrix that offers a protective 
shield to them and reduces the penetration of antibio-
tics. The effectiveness of each of the compounds to inhi-
bit formation of bacterial biofilms was evaluated through 
the crystal violet staining method at MIC and sub-MIC 
concentrations of the compounds and the obtained re-
sults presented on Table 1 as percentage inhibitions. On 
S. aureus, a Gram-positive bacteria, the inhibition of bio-
film for compound 1 varied from 60.12±1.78% at MIC to 
11.70±0.28 at MIC/4 and for compound 1, it varied from 
43.12±0.86% at MIC to 4.21±0.15% at MIC/4. On E. coli, a 
Gram-negative bacteria, only compound 1 inhibited bio-
film formation with percentage inhibition of 15.45±0.62% 
at MIC to 5.4±0.12% at MIC/2. Both compounds inhibi-
ted biofilm formation by the yeast C. albicans with per-
centage inhibitions of 22.23±0.52% and 18.7±0.25% for 
compound 1 and compound 2 respectively at MIC and 
6.5±0.15% and 3.6±0.11% for compounds 1 and 2 respec-
tively at MIC/2.

Violacein synthesis inhibition in 
C. violaceum CV12472 and inhibition of 
quorum sensing in C. violaceum CV026

Violacein is a bisindole purple pigment synthesized by 
Chromobacterium violaceum which is a Gram-negative 
bacteria. The two strains used for the study reported here 
are C. violaceum CV12472 which is capable of producing 
violacein and C. violaceum CV026 (mutant strain) which 
produces violacein only when an acylhormoserine lactone 
is supplied to it externally. Despite the condition under 

S

S

O

O

Compound 1
3-(1,3-dithian-2-ylidene) pentane-2,4-dione
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Compound 2
Ethyl cyano (1,3-dithian-2-ylidene) acetate

Figure 1. Structures of compounds 1 and 2.
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which the C. violaceum produces violecein, the process 
is controlled by quorum sensing, and since it is easy to 
measure the absorbance of the violacein pigment, it has 
become a an important indicator used in evaluation of 
quorum sensing in bacteria. The violacein inhibitory po-
tential of the compounds were evaluated at sub-MIC and 
MIC concentrations on C. violaceum CV12472 and the 
percentage inhibitions are recorded on Table 2. Both com-
pounds inhibited violacein production at 100% at MIC. 
However, the activity reduces in a concentration-depen-
dent manner to 15.1±1.1% at MIC/8 for compound 1 and 
16.8±0.5% at MIC/16 for compound 2. It was observed 
that compound 2 had a greater violacein inhibition poten-
tial than compound 1.

Prior to this, the MIC of the honey samples were deter-
mined so that The MIC values of compound 1 and com-
pound 2 were 0.312 mg/mL and 0.625 mg/mL respectively 
on C. violaceum CV026. The anti-quorum sensing activity 
is determined at sub-MIC and MIC concentrations. On 
the test plates, a cream-colored circular halo around a well 
against a purple coloured surface of activate CV026 bacte-
ria on the plate indicated that QS was inhibited (Alfred et 
al. 2020) and the diameters of each zone of QS inhibition 
were measured and presented in Table 3. The QSI zones 
were 13.0±0.5 mm and 8.0±0.5 mm at MIC and MIC/2 

respectively for compound 1 and for compound 2, an-
ti-QS zones were 11.5±0.4 mm and 7.5±0.0 mm at MIC 
and MIC/2 respectively. No QSI was visible below MIC/2.

Inhibition of swarming motility in P. ae-
ruginosa PA01

Motility of microorganisms is one of the QS-mediated 
processes and it contributes to biofilm formation in bac-
teria. The test compounds reduced swarming movements 
in P. aeruginosa PA01 evaluated at three concentrations 
MIC, ½ MIC and ¼ MIC in a concentration-dependent 
manner and results were expressed as percentage inhibi-
tion as shown in Table 4. The swarming inhibition per-
centages varied from 53.1±1.6% at MIC to 17.1±0.4% at 
MIC/4 for compound 1 and varied from 51.0±0.2% at 
MIC to 15.5±0.1% at MIC/4 for compound 2. Compound 
1 showed a slightly higher swarming motility inhibition 
than compound 2.

Table 1. MIC and Anti-biofilm activity (percentage inhibition) 
results of test samples. 

Microorganisms Sample codes
Compound 1 Compound 2

MIC (mg/mL)
S. aureus 0.625 0.625
E. coli 1.25 0.625
C. albicans 0.625 0.312

Biofilm inhibition (%)
S. aureus MIC 60.12±1.78 43.12±0.86

MIC/2 25.38±0.68 15.69±0.38
MIC/4 11.70±0.28 4.21±0.15
MIC/8 – –

E. coli MIC 15.45±0.62 –
MIC/2 5.4±0.12 –
MIC/4 – –
MIC/8 – –

C. albicans MIC 22.23±0.52 18.7±0.25
MIC/2 6.5±0.15 3.6±0.11
MIC/4 – –
MIC/8 – –

-: no inhibition

Table 2. Inhibition of violacein production in C. violaceum 
CV12472 by test samples.

Sample code MIC  
(mg mL)

Violacein inhibition (%)
MIC MIC/2 MIC/4 MIC/8 MIC/16

Compound 1 0.312 100±0.00 81.3±1.0 38.1±0.10 15.1±1.1 –
Compound 2 0.312 100±0.00 100±0.00 67.1±1.50 35.4±0.9 16.8±0.5

-: no inhibition

Table 3. Quorum sensing inhibition zones in C. violaceum 
CV026 by test samples.

Sample code MIC 
(mg mL)

Anti-quorum sensing inhibition zones (mm)
MIC MIC/2 MIC/4 MIC/8

Compound 1 0.312 13.0±0.5 8.0±0.5 – –
Compound 2 0.625 11.5±0.4 7.5±0.0 – –

-: no inhibition
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Discussion

The compounds exhibited antimicrobial activity and 
showed considerable MIC values against pathogenic 
microbes. Compound 2 had better antimicrobial activity 
than compound 1 and this could be attributed to the presence 
of cyanide function in compound 2 which is a nitrile. 
The toxic nature of most of the nitriles towards aerobic 
organisms and microorganisms results from the cyanide 
they release during their degradation process and this 
cyanide can act as an inhibitor of cytochrome C oxidase and 
some metalloenzymes (Egelkamp et al. 2019; Anand et al. 
2020). However, the presence of sulfur in these compounds 
could also contribute to improving antimicrobial activity 
because the activity of Allium and Brassica vegetables 
against fungi, Gram-negative bacteria and Gram-positive 
bacteria was attributed to sulfur-containing compounds 
(Kyung and Lee 2007). Several organosulfur compounds 
isolated from roots of Petiveria alliacea L. showed 
interesting antibacterial and antifungal activities (Kim et 
al. 2006). Organosulfur compounds therefore have good 
antibacterial, antifungal and antiviral activities (Sagdic and 
Tornuk 2012). Several isothiocyanate compounds from 
Raphanus sativus L. Brassicaceae which is used in treating 
microbial infections, showed antibacterial activity (Jadoun 
et al. 2016). Integrating sulphur within the structures of 
synthesized compounds for example synthetic polymers 
could contribute in ameliorating the antibacterial activity 
of such compounds (Smith et al. 2020). Antimicrobial 
agents which only inhibit growth or try to kill bacteria are 
getting out of use as they are faced with resistance after 
poor usage. Novel antimicrobial agents with new modes of 
action capable of inhibiting biofilm formation and quorum 
sensing networks in bacteria are of great interest. Microbial 
biofilms are well-structured and sessile communities 
growing within an extracellular polymeric matrix and can 
develop on various living and nonliving surfaces including 
medical devices such as prosthesis and (Jamal et al. 2018). 
The polymeric matrix protects the biofilm communities 
from antimicrobial host defenses and antibiotic drugs 
(Karygianni et al. 2020). The fact that compound 1 
and 2 were able to inhibit biofilm formation in some 
bacteria at low concentrations (sub-MIC concentrations) 
indicates a great potential of these types of compounds in 
eliminating resistance and reducing the virulence factors 
of pathogenic bacteria. Organosulfur compounds exhibit 
several properties against a variety of microorganisms 
including antitoxin, bactericidal, antibiofilm and anti-
quorum sensing activities and the reactive organosulfur 
compounds are able to form disulfide linkages with the free 

sulfhydryl groups of some enzymes causing a disintegration 
of the bacterial membrane (Bhatwalkar et al. 2021). 
In one study, all synthesized organosulfur compounds 
showed good antibacterial and antibiofilm activities and 
it was proposed that the sulfur-containing thiazolidione 
scaffold was evidently a good chemotype that could be 
explored for the development of antibiofilm therapeutics 
(Pan et al. 2010). During unfavorable conditions such as 
presence of antibiotics and scarcity of nutritive substances, 
most pathogenic microbes will organize themselves into 
self-organized colonies and build a protective and highly 
resistant and impermeable shield called biofilm that will 
help to keep their communities protected and enable them 
to stay viable and this will allow them to be able to regrow 
when conditions become favorable again and continue to 
cause harm their host (Tamfu et al. 2022a, b).

The matrix that envelopes the biofilm cells contributes 
in cell-to-cell communicative and signaling networks be-
tween the cells with the microbial colonies and this helps 
in decision-making and coordinative actions and this 
process is mediated through quorum sensing (Khatoon 
et al. 2018). The disruption of QS networks can cause the 
subsequent growth inhibition of the bacterial cells inside 
the polymeric biofilm matrix and can equally trigger the 
disintegration of biofilms that were already established 
through a process called quorum quenching, and thereby 
providing a good strategy for developing potential micro-
bial treatments (Oppenheimer-Shaanan et al. 2013; Puiu 
et al. 2017). Both compounds were able to inhibit violacein 
synthesis in C. violaceum CV12472 and also block quo-
rum-sensing in C. violaceum CV026 despite the external 
supply of an AHL to the latter. The C. violaceum CV12472 
strain is able to produce its violacein and since the produc-
tion of violacein was inhibited, this suggests that the com-
pounds could block signal emission since violacein is a sig-
nal molecule (Tamfu et al. 2021). Also, since C. violaceum 
CV026 cannot produce AHL on its own, an external AHL 
was supply to it but zones of non-production of violacein 
were observed indicating that the compounds equally dis-
rupted signal reception within the anti-QS zones (Tamfu 
et al. 2020b). The inhibition of violacein production, quo-
rum sensing, biofilm formation and swarming motility 
which are controlled by QS are suitable strategies of over-
coming microbial resistance and a biocontrol method to 
reduce the spread of notorious infections and this can be 
done by using and some natural compounds, synthesized 
compounds, polymers, nanomaterials and natural pro-
ducts which have shown some promising effects (Ceylan 
et al. 2020; Boudiba et al. 2021; Kocak et al. 2021; Popo-
va et al. 2021; Tamfu et al. 2022c). Flagellum-mediated 
motility such as swarming movement serves the bacteria 
Pseudomonas aeruginosa PA01 to move to surface and at-
tach themselves before further spreading and colonization 
of the surface (Ngenge Tamfu et al. 2021). The swarming 
movements enable bacteria to colonize surfaces and this 
is a quorum-sensing mediated step necessary for the es-
tablishment of biofilms on surfaces, leading to the spread 
of infections and microbial resistance (Beddiar et al. 2021; 
Ngenge et al. 2021). Pseudomonas aeruginosa is one of the 

Table 4. Swarming motility inhibition on P. aeruginosa PA01 
by test samples.

Sample code MIC (mg/
mL)

Swarming inhibition (%)
MIC MIC/2 MIC/4

Compound 1 2.5 53.1±1.6 32.7±0.5 17.1±0.4
Compound 2 2.5 51.0±0.2 30.5±0.8 15.5±0.1

-: no inhibition
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most pathogenic bacteria causing infections with high se-
verity and virulence and the ability of compounds 1 and 
2 to inhibit the swarming motility of this bacteria and 
its subsequent biofilm establishment indicates that these 
compounds could be used to protect equipment and sur-
faces from being colonized by pathogenic microbes and 
subsequently establishing sessile biofilms.

Conclusion

Antimicrobial resistance resulting mainly from genetic 
mutations, inappropriate or poor usage of antibiotics con-
stitutes a major global health burden since various patho-
genic bacteria, viruses and fungi are no longer susceptible 
to antibiotics designed to kill them. Various pathogens 
are now able to protect themselves from the substances 
of the host defense system, antibiotics and disinfectants. 
Microbial resistance is regulated by quorum sensing 
system (cell-to-cell communication network) which ac-
counts for the regulation of biofilm formation, virulence 
factors, sporulation, toxin production, motility and drug 
resistance. Conventional antibiotics, designed to inhibit 
or kill bacteria are faced with resistance over time and are 
falling out of use, and therefore there is need to find new 
antimicrobial agents that can target quorum-sensing sys-
tems responsible for regulating the expression of virulence 

factors as a strategy to reduce the emergence of bacterial 
resistance. In this study, two organosulfur compounds, 
3-(1,3-dithian-2-ylidene) pentane-2,4-dione (compound 
1) and ethyl-2-cyano-2-(1,3-dithian-2-ylidene) (c0m-
pound 2) were synthesized and their antibiofilm and an-
ti-quorum sensing activities evaluated. The results showed 
antimicrobial activity of both compounds supporting the 
antimicrobial nature of organosulfur compounds. Anti-
biofilm and anti-quorum sensing potentials were exhibi-
ted by both compounds, indicating that these compounds 
could find application as new generation antibiotics capa-
ble of circumventing microbial resistance.
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