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Abstract
Background and Objectives: The present work aimed at isolation and identification of some pathogenic bacteria from Dawmat El-
Jandal Lake, Aljouf Region (KSA)and Wadi El-Rayian Lake (Egypt) waters as well as biological evaluation of rhodanine derivatives as 
potent antibacterial agents. 
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Introduction
To combat the increasing number of bacterial pathogens and 

the growing problems of antibiotic resistance (due to overzealous 
use of antibacterial antibiotics), the search for a more potent anti-
bacterial alternatives new antibacterial compounds are required. 
Heterocyclic moieties can be found in a large number of com-
pounds which display biological activity. The biological activity of 
the compounds is mainly dependent on their molecular structures 
[1]. The higher antimicrobial activity may be also related to differ-
ent mechanisms of action. Rhodanine derivatives have broad spec-
trum of pharmacological activities. This is the reason why inves-
tigation/molecular modification and pharmacological evaluation 
of these molecules have attracted special attention of synthetic 
chemists, pharmacologists and biologists. The chemical derivati-
sation of rhodanine give rise to derivatives with a broad spectrum 
of antibacterial activities [2-4]. The aim of the present work was 
isolation and identification of some pathogenic bacteria from Daw-
mat El-Jandal Lake, Aljouf Region (KSA)and Wadi El-Rayian Lake 
(Egypt) waters as well as biological evaluation of rhodanine de-
rivatives as potent antibacterial agents.
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Materials and Method: Biological evaluation of rhodanine derivatives as potent antibacterial agents against nine human, animal and 
plant pathogenic Gram-negative and Gram-positive bacteria using agar well diffusion method was performed. 
Results: Out of these derivatives, No. 2a,2b, 2c and 9b have no antibacterial activities against pathogenic Gram-negative and Gram-
positive bacteria. On the other hand, No. 7c and 8 were the most effective against all tested bacteria. While the other derivatives 
exhibited either low or moderate antibacterial activities against some of the studied bacteria. 
Conclusion: Thus, it was suggested that rhodanine derivatives are interesting for the development of novel antibacterial agents.

Wadi El-Raiyan Lakes are recent man-made in Egypt. They are 
located in El-Faiyum depression (703 km2) in the Western Des-

Materials and Methods
Study area 

ert of Egypt (30o 25` and 29o 10`) at about 135 km south west of 
Cairo [5]. Dawmat El-Jandal Lake is the only artificial inland closed 
lake in the northern part of Saudi Arabia and the largest lake in 
the Arabian Peninsula The Lake located about 5 km from western 
Dawmat El-Jandal town, 52 km from Sakaka city and 15 km from 
Al-Nafouth desert of Saudi Arabia. The lake, located at an elevation 
of 585 m above the mean sea level, has a circumference of about 8 
km, depth of lake varies at different points. The Lake is oval shaped 
and located between Latitudes 29o 48\ 23\\ and 29o 49\ 14\\ N 
and Longitudes 39o 54\ 11\\ and 39o 55\ 06\\ E [6]. Formation 
of both Lakes has led to changes in the existing microhabitat where 
a large number of different species of biota became re-established 
in such a new ecological setting. The lakes opened several forms of 
activities in tourism, recreation, fisheries and aquaculture.

Fifteen rhodanine derivatives were synthesised (Table 1) in our 
previous work [3].

Rhodanine derivatives

Ten different microorganisms including Gram-positive (1) and 
Gram-negative (9) bacteria were used in this study. Four organisms 
were isolated from Dawmat El-Jandal Lake, Aljouf Region (KSA) 
and Wadi El-Rayian Lake (Egypt) waters, while other identified iso-
lates were obtained from different sources and used as indicator 
organisms.

Microorganisms
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No. Name Function groups
2a ethyl (Z)-2-(3-cyclohexyl-4-oxo-2-thioxothiazolidin-5-ylidene)acetate Rhodanine ring, cyclohexyl ring, ethyl ester group.

2b methyl (Z)-2-(3-cyclohexyl-4-oxo-2-thioxothiazolidin-5-ylidene)
acetate

Rhodanine ring, cyclohexyl ring, methyl ester group.

2c ethyl (Z)-2-(3-isopropyl-4-oxo-2-thioxothiazolidin-5-ylidene)acetate Rhodanine ring, isopropyl moiety, ethyl ester group.

2d ethyl (Z)-2-(3-(sec-butyl)-4-oxo-2-thioxothiazolidin-5-ylidene)
acetate

Rhodanine ring, isobutyl moiety, ethyl ester group.

2e ethyl (Z)-2-(3-benzyl-4-oxo-2-thioxothiazolidin-5-ylidene)acetate Rhodanine ring, benzyl moiety, ethyl ester group.

2f ethyl (Z)-2-(3-(4-hydroxybenzyl)-4-oxo-2-thioxothiazolidin- 
5-ylidene)acetate

Rhodanine ring, p-hydroxybenzyl moiety, 
ethyl ester group.

2g ethyl (Z)-2-(3-(4-chlorobenzyl)-4-oxo-2-thioxothiazolidin-5-ylidene)
acetate

Rhodanine ring, p-chlorobenzyl moiety, 
ethyl ester group.

2h ethyl (Z)-2-(3-(4-bromobenzyl)-4-oxo-2-thioxothiazolidin-5-ylidene)
acetate

Rhodanine ring, p-bromobenzyl moiety, 
ethyl ester group.

2i ethyl (Z)-2-(3-(4-fluorobenzyl)-4-oxo-2-thioxothiazolidin-5-ylidene)
acetate

Rhodanine ring, p-fluorobenzyl moiety, 
ethyl ester group.

7a 3-cyclohexyl-3’-phenyl-2,2’-dithioxo-[5,5’-bithiazolidine]-4,4’-dione Bis-rhodanine ring, cyclohexyl ring, Benzene ring

7b 3-(4-chlorophenyl)-3’-cyclohexyl-2,2’-dithioxo- 
[5,5’-bithiazolidine]-4,4’-dione

Bis-rhodanine ring, cyclohexyl ring, 
p-chlorophenyl moiety

7c 3-cyclohexyl-3’-(4-methoxyphenyl)-2,2’-dithioxo- 
[5,5’-bithiazolidine]-4,4’-dione

Bis-rhodanine ring, cyclohexyl ring, 
p-methoxyphenyl moiety

8 ethyl 3-cyclohexyl-2,5-dithioxo-3,7-dihydro-2H-[1,3]oxathiino[6,5-d]
thiazole-7-carboxylate

1,3-thiazole moiety,1,3-oxathiinemoiety, Cyclohexyl 
ring,Ethyl ester group.

9a methyl 5-amino-6-cyano-3-cyclohexyl-2-thioxo-3,7-dihydro- 
2H-pyrano[2,3-d]thiazole-7-carboxylate

1,3-thiazole moiety, Pyran ring, Cyclohexyl group,methyl 
ester group, cyano group, amino group.

9b ethyl 5-amino-6-cyano-3-cyclohexyl-2-thioxo-3,7-dihydro- 
2H-pyrano[2,3-d]thiazole-7-carboxylate

1,3-thiazole moiety, Pyran ring, Cyclohexyl group, ethyl 
ester group, cyano group, amino group.

Table 1: The synthesised rhodanine derivatives.

Proteus vulgaris 1753 and Serratia marscens HIM 307-2 were 
kindly provided by Professor Martin, H.H, Institute of Microbiol-
ogy, TH Darmstadt, Germany. Erwinia herbicola 48 was identified 
by El-Hendawy and Azab [7]. Bacillus subtilis 1020 and E. coli 1357, 
were obtained from the culture collection of the Microbiological 
Resource Center (MIRCEN), Faculty of Agriculture, Ain-Shams Uni-
versity, Cairo, Egypt. Klebsiella pneumonia (clinical isolate) was 
kindly obtained from Department of Microbiology, Faculty of Phar-
macy, Tanta University, Egypt.

Identified bacteria 

The unidentified bacteria were isolated from Dawmat El-Jandal 
Lake, Aljouf Region(KSA)and Wadi El-Rayian Lake (Egypt) waters.

Unidentified bacteria

Isolation of Gram-negative bacteria from water samples of 
Dawmat El-Jandal Lake, Aljouf Region (KSA) and Wadi El-Rayian 
Lake (Egypt) were performed using MacConkey agar supplement-
ed with 0.001 g L-1 crystal violet [8]. Fifty isolates were purified, 
screened and the suspected similar ones were grouped for the pur-
pose of selection and identification processes.

Isolation and purification of gram-negative bacteria 

Fifty isolates from the examined water samples were subject-
ed to identification by biochemical characteristics using API 20E 
strip system (Bio Mereux). Each API 20E strip consists of twenty 
wells containing dehydrated media. The isolate to be tested was 
suspended in sterile saline and added to each well. The inoculated 
strip was incubated for 16 - 24 h and the color reactions were not-
ed either positive or negative.

Identification of some Gram-negative pathogens

Well assay technique described by Holmalahti., et al [9]. Over-
night cultures of the bacteria were prepared in culture broth and 
diluted to 1x106 cfu ml-1 to serve as inocula.

Antimicrobial assay 

Statistical analysis of the obtained results was subjected to 
analysis of variance (ANOVA) which carried out using Microsoft 
Excel 2016.

Statistical analysis

According to the biochemical reactions of API 20E four G-nega-
tive bacteria were identified as follows: Escherichia coli, Salmonella 
enterica, Shigella sp, and Brenneria nigrifluens (Table,2). 

Results and Discussion 
Identification
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Escherichia coli is the predominant facultative organism in the 
human gastrointestinal tract. Pathogenic forms of E. coli can cause 
a variety of diarrhoeal diseases in hosts due to the presence of 
specific colonisation factors, virulence factors and pathogenicity 
associated genes which are generally not present in other E. coli. 
Of the strains that cause diarrhoeal diseases, six pathotypes are 
now recognized [10]. E. coli are subgroup of faecal coliforms. Most 
E. coli reside within the intestines of humans and warm-blooded 
animals, and are harmless. However, some strains can cause illness. 
The presence of E. coli in a drinking water sample usually indicates 
recent faecal contamination [11]. Salmonella enterica (formerly 
Salmonella choleraesuis) has 7 subspecies, and each subspecies has 
associated serovars that differ by antigenic specificity. There are 
over 2500 serovars for S. enterica. Salmonella bongori was previ-

---+ß-galactosidase Ortho NitroPhenyl 
-ßD-Galactopyranosidase))

ONPG

----Arginine dihydrolaseADH
-++-Lysine decarboxylaseLDC
-++-Ornithine decarboxylaseODC
----Citrate utilizationCIT
----H2S productionH2S
----Urea hydrolysisURE
----Tryptophan deaminaseTDA
---+Indole productionIND
+---Voges Proskauer  

(Acetoin production)
VP

----GelatinaseGEL
++++GlucoseGLU
+-++MannitolMAN
----InositolINO
+-++SorbitolSOR
+-++RhamnoseRHA
+----SucroseSAC
+--+MelibioseMEL
+---AmygdalinAMY
+--+ArabinoseARA
----OxidaseOX
++++NO2       Nitrate reduction toNO2

---Nitrate reduction to N2 gasN2

+-++MotilityMOB
++++MacConkey   mediumMcC
++++OF Medium- OxidationOF-O
-+++OF Medium- FermentationOF-F

Brenneria nigrifluensShigella spSalmonella entericaEscherichia coliConfirmed as

Table 2: Identification  of Gram –negative pathogenic bacteria using API 20E.

ously considered a subspecies of S. enterica, but it is now the other 
species in the Salmonella genus. Most of the human pathogenic 
Salmonella serovars belong to the enterica subspecies. These sero-
groups include Salmonella Typhi, Salmonella Enteritidis, Salmonella 
Paratyphi, Salmonella Typhimurium, and Salmonella Choleraesuis 
[12,13]. The pathogenic species of Shigella to humans include S. 
dysenteriae, S. boydii, S. flexneri and S. sonnei [15]. In Asia, the rate 
of mortality is greater in children younger than 5 years of age [16]. 
Most members of Brenneria were formerly placed in Erwinia [17]. 
Recently, several species of this genus have been reclassified, and 
novel species added, due in part, to ongoing research on the poten-
tial involvement of Brenneria in the decline disease, acute oak de-
cline in the United Kingdom [18]. Brenneria nigrifluens now placed 
in Brenneria. 
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Chemical properties of rhodanine and its derivatives are of in-
terest and have attracted considerable attention in a wide range of 
applications owing to their unique biological activities, including 
antibacterial [19,20], antidiabetic [14], antifungal [21], antiviral 
[22], anticancer [23] and anti-inflammatory [24]. (Tables 3 and 
4) revealed that out of fifteen rhodanine derivatives, five rhoda-
nines derivatives(2a, 2b, 2c, 6 and 9b) have no antibacterial activ-
ity against neither G- negative nor G-positive examined bacteria, 
while two derivatives (7c and 8) exhibited abroad antibacterial ac-
tivates against all examined bacteria with inhibition zones ranged 
from 0.8-2.4cm. Among rhodanines, three derivatives (2e,2h and 
7a) showed antibacterial activity against two bacteria (20%) 
with inhibition zones ranged from 0.8- 0.9cm, 0.6-0.8cm and 0.6 
- 0.8cm, respectively, while two derivatives (2d and 2g) exhibited 
antibacterial activity against three bacteria (30%) with inhibi-
tion zones ranged from 0.8- 1.2cm and 0.4-1.5cm,respectively.
On the other hand, one derivative (2i) exhibited antibacterial ac-
tivity against four bacteria (40%) with inhibition zones ranged 
from 0.5 to0.9cm., while derivative 7b was antibacterial agent 
for seven(70%) of the studied bacteria (inhibition zones ranged 
from 0.6 -1.0cm).Similarly, derivative 9a exhibited antibacterial 
activity against eight bacteria (80%) with inhibition zones ranged 
from 0.6 to1.7cm. New approaches for the prevention and treat-
ment of bacterial infections require greater understanding of the 
molecular structure and mechanisms of the chosen intervention 
targets and of the pathogenic role played by the target in the in-
fection process. Bacterial infections are complex and involve the 
action of a large sophisticated arsenal of virulence factors, many of 
which are surface-bound or secreted. Gram-positive bacteria are 

Antibacterial activity endowed with a multitude of cell wall anchored proteins that serve 
as an interface between the microbe and its host. Bacterial sortases 
are cysteine transpeptidases that participate in secretion and an-
choring of many cell wall proteins by a mechanism conserved in 
almost the entire class of Gram-positive bacteria [25,26]. Rhoda-
nines were identified to inhibit early phase biofilm formation by 
multiple strains of S. aureus, S. epidermidis, and E. faecalis [27]. Our 
findings were compatible with previous studies that have shown 
that rhodanine compounds inhibit class C b-lactamases in Gram-
negative bacteria [28]. Several arylalkylidene rhodanines have also 
been reported that have high bactericidal activity against non-re-
sistant S. aureus and MRSA strains [29]. Some rhodanines probably 
act on the enzyme through a thiol-disulfide exchange reaction with 
Cys 184 [30]. Rhodanine compounds had a high affinity for FtsZ, 
inhibited its GTPase activity In vitro, FtsZ-ring formation In vivo 
and inhibited B. subtilis growth [31]. The N-carboxymethyl moiety 
was necessary for anti-bacterial activity against Gram-positive bac-
teria and the inclusion of a phenmethyl moiety or other hydropho-
bic substituent at the N-carboxymethyl moiety was necessary to 
increase the antibacterial activity. Some rhodanines were reported 
to inhibit bacterial RNA polymerase [32], while others are likely 
to have (an) additional target(s) in Mtb besides DlaT, in particular 
because it accumulates in mycobacteria to very high concentra-
tions. Mur ligases participate in the intracellular path of bacterial 
peptidoglycan biosynthesis and constitute attractive, although so 
far underexploited, targets for antibacterial drug discovery. Some 
rhodanine derivatives were balanced inhibitors of Mur D, - E, and - 
F [33]. The acetic acid group on the 3-position of the rhodanine was 
also substituted with an aliphatic side chain aiming to increase the 
bacterial cell wall penetration of these compounds and therefore 
potentially improve their anti-bacterial activities. 

Inhibition zone (cm)

Derivatives Test organisms 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
E. coli - - - 0.8 0.8 - - - - - 0.9 1.6 1.2 1 -

Salmonella enterica - - - - - - 0.4 0.6 0.5 0.6 0.6 1.8 1.5 0.8 -
Shigella sp - - - 1.4 1.2 0.9 -

Brenneria nigrifluens 0.8 - 0.8 1.1 0.9 0.6 -

Table 3: Inhibition zones of rhodanine derivatives against isolated test bacteria.

Inhibition zone (cm)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Bacillus subtilis 1020 - - - - - - - - - - - 1.8 1 - -
Escherichia coli  1357 - - - 0.9 0.9 - - - - - 0.8 1.7 1.3 1.1 -

Proteus vulgaris 1753 - - - - - - 1.5 0.8 0.8 0.8 0.9 1.8 1.8 1.7 -

Erwinia herbicola 48 - - - - - - - - - - 0.7 1.2 0.8 0.7 -
Klebsiella pneumonia - - - 1.2 - - 0.6 - - - 1.0 2.- 1.7 0.6 -

Serratia marscens HIM 307-2 - - - - - - - - 0.9 - - 1.5 2.4 - -

Table 4: Inhibition zones of rhodanine derivatives against indicators bacteria.
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Conclusions
The study confirms that some rhodanine derivatives synthe-

sized in this investigation possess In vitro antibacterial activity 
against the used organisms. At the same time some had no antimi-
crobial activity. The efficiency of the rhodanine derivatives varied 
with, structure, functional groups. Comparing the effect of differ-
ent rhodanine derivatives the No 8 appeared to be the most effec-
tive against almost all tested organisms. So, it could be conclude 
to use it for food preservation or medicinal purposes after some 
experiments for safety and toxicity.
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