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Abstract: Dithiocarbamates are compounds that bind strongly and selectively to so many metal ions. They readily form
chelates with all transition metal ions through their two donor sulphur atoms. In this study, two derivatives of dithiocarbamate
(sodium phenyldithiocarbamate and sodium cyclohexyldithiocarbamate) were studied to determine their effectiveness in the
treatment of diseases caused by the tested organisms. Antibacterial activities of these ligands were carried out using the disc
diffusion method. Antibacterial activities were exhibited by sodium phenyldithiocarbamate and sodium
cyclohexyldithiocarbamate, against Bacillus subtilis, Bacillus cereus, Pseudomonas aeruginosa, Proteus mirabilis, and
Salmonella typhi. Minimum inhibitory concentration was 15 mg/ml for sodium phenyldithiocarbamate with zone of inhibition
range of 8.5 mm - 19 mm and 30 mg/ml for sodium cyclohexyldithiocarbamate with zone of inhibition range of 7.7 mm - 16.3
mm. The ligands can compete favourably with gentamycin which served as the reference drug.
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system [4]. The effect of the delocalized m- orbital system
results in a strong electron donation and hence a high
electron density on the metal leading to its next higher
oxidation state [14, 5]. While dithiocarbamate complexes
have been known for over the years, with many having been
synthesized, majority of these contain only simple alkyl
substituents such as methyl and ethyl [4, 5]
Dithiocarbamates are a class of metal-chelating, antioxidant
compounds with various applications in medicine for the
treatment of bacterial and fungal infections, and possible
treatment of some other ailments like acquired immune
deficiency syndrome [15, 5].

A lot of work has been carried out on the antimicrobial
activities of dithiocarbamate. Most of the works reported on
these activities are basically on the complexes of the
dithiocarbamate. Mixed-ligand dithiocarbamate complexes of
Ni(Il) have been reported to show good activity against
Escherichia coli, Pseudomonas aeruginosa, Klebsiella
oxytosa and Staphylococcus aureus [16]. Likewise, 2-amino-
2-methyl-1-propanol dithiocarbamate and pyridine adducts of
N-methyl-N-phenyl dithiocarbamate complexes of Mn(Il),

1. Introduction

Dithiocarbamates are versatile compounds with a wide
range of chemistry, capable of forming complexes with most
of the elements and able to stabilize transition metals in a
variety of oxidation states [1-3]. This ability of stabilizing
high oxidation states in metal complexes reflects strong o-
bonding characteristic of these ligands [4, 5].

A very large number of dithiocarbamate complexes with
transition and non-transition metal ions have been reported
[2, 6-9]. Compounds with dithiocarbamate moiety have
attracted attention because of their potential biological
property [10, 11]. Metal complexes of dithiocarbamate
present striking structural features and have many
applications, such as high-pressure lubricants, fungicides,
pesticides, and accelerators used in vulcanization [12, 13].
Although sulphur atoms of dithiocarbamate ligands possess
o-donor and n-back-donation characteristics of the same
order of magnitude, these ligands have a special
characteristic in that there is an additional n-electron flow
from nitrogen to sulphur via a planar delocalized n- orbital
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Co(Il), Ni(Il), and Cu(Il) have shown selective activity
towards some microbes and antifungal activities respectively
[17, 18]. Dithiocarbamate cobalt complex has also exhibited
significant antibacterial and antifungal activities with MIC of
30 pg/disc [4].

The purpose of this study is to assess the antibacterial
effects of two synthesized derivatives of dithiocarbamate
ligands (sodium phenyldithiocarbamate salt and sodium
cyclohexyldithiocarbamate salt) for effective wuse as
antibacterial agents.

2. Materials and Methods
2.1. Syntheses of Dithiocarbamate Ligands

Syntheses of sodium cyclohexyldithiocarbamate and
sodium phenyldithiocarbamate salts have already been
reported in our earlier publication [19].

2.2. Antibacterial Assay of the Ligands

The ligands were tested against five standard strain of
bacteria obtained from International Centre for Drug
Research, Lucknow. The microbes are: Bacillus subtilis
ATCC 14579, Bacillus cereus ATCC 33923, Pseudomonas
aeruginosa ATCC 27856, Proteus mirabilis ATCC 21784
and Salmonella typhi ATCC 2785. Antibacterial activities of
the ligands were investigated using the disc diffusion method
[20].

2.2.1. Preparation of Stock Solution

Stock solution of each ligand was prepared by dissolving
200 mg of the ligand in 2.0 ml of dimethylsulphoxide
(DMSO0), giving a concentration of 100 mg/ml. From this,
other standard solutions of 30, 25 20, 10, 15, 1.0 and 0.1
mg/ml were prepared for each of the ligand using DMSO as
solvent. This was done to obtain the minimum inhibitory
concentrations (MIC) of the ligands. Whatman filter papers
No. 2 were punched into 5 mm discs, kept in a screw-capped
sample bottle and sterilized in an autoclave at 121°C for 15
minutes. Twenty (20) of the sterilized paper discs were
impregnated with 0.2 ml of the various prepared
concentrations of the ligands. Also, 20 sterilized paper discs
were impregnated with 0.2 ml each of DMSO and
gentamycin (5 pg/ml) in separate glass vials which served as

the negative and positive controls respectively.

2.2.2. Preparation of Agar Plates

Nutrient agar was prepared by dissolving 28 g of the solid
nutrient agar in 1L of distilled water. The prepared agar
solution was stirred to homogenize, then sterilized in an
autoclave at 121°C for 15 minutes, allowed to cool to 47°C
and subsequently poured into Petri-dishes. The plate content
was left to cool and solidify [20].

2.2.3. Preparation of Inoculums and Disc
Placement

Inoculation was done using streaking method which
involves streaking the inoculums around the peripheral
region of the plate (Petri-dishes) using a sterilized cotton bud
for each micro-organism. The Petri-dishes were divided into
section with a marker indicating the various prepared
concentrations of the ligands (100, 30, 25, 20, 15, 10, 1.0, 0.1
mg/ml), DMSO and gentamycin. This is to give room for the
placement of the various impregnated paper discs. After the
inoculation, a disc impregnated in 0.2 ml of the various
prepared concentrations of each of the ligand was picked
with a sterile syringe and dropped in the appropriate position
(as marked) in the Petri-dish. This was done in triplicate for
each bacterium to get an accurate reading. After the
introduction of each of the disc, the plates were carefully and
properly packed into an incubator operated at 37°C and
allowed for about 24 h. Zones of inhibition were determined
by measuring clear zones across the discs in mm. Mean
values and standard deviations of triplicate readings were
then determined and used.

3. Results and Discussion

Antibacterial activities of the ligands were determined
using disc diffusion method. The activity was measured as
zone of inhibition which is the diameter of the clear zone of
inhibited bacterial growth. The ligands showed activity
against the test organisms at concentrations of 15, 20, 25, 30,
and 100 mg/ml for sodium phenyldithiocarbamate and at 30
and 100 mg/ml for sodium cyclohexyldithiocarbamate. The
analysis was done in triplicate and the mean values of the
results with their corresponding standard deviations are
presented in Tables 1 and 2.

Table 1. Antibacterial Activity of Sodium phenyldithiocarbamate.

*Zone of inhibition (mm)

Bacteria Ligand concentration (mg/ml) Gentamycin DMSO
100 30 25 20 15 10 1.0 01 (5pg/ml)

ST 19.0+0.0577 12.3£0.1000 10.74£0.1155 10.0+0.1528 8.5+0.0116 0 0 0 25.74£0.0577 0

BS 19.0+0.1000 11.7+0.1000 11.0+0.0577 9.74£0.0577 8.7+0.0000 0 0 0 25.0+0.1000 0

BC 18.7+0.1527 12.740.1528 11.3+0.0577 10.0+0.0577 8.7+0.1000 0 0 0 25.0+0.0577 0

PSA 19.0+0.1155 12.0+0.0000 11.0£0.0577 10.0+0.0577 9.0+0.1000 0 0 0 25.3+£0.0577 0

PM 18.7+0.0577 12.3+0.0577 11.0+0.0000 10.0+0.1000 8.5+0.0577 0 0 0 25.0+0.0000 0

*The values are average values of three readings

Key: ST = Salmonella typhi, BS = Bacillus subtilis, BC = Bacillus cereus, PSA = Pseudomonas aeruginosa, PM = Proteus mirabilis, Gentamycin = Positive

Control, DMSO = Negative Control

Chemicals or drugs are often administered to selectively

eliminate or aid in the elimination of pathogenic organisms.
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Substances used for the treatment of bacterial diseases are
referred to as chemotherapeutic substances or agents [21].
The synthesized ligands (sodium phenyldithiocarbamate and
sodium cyclohexyldithiocarbamate) were studied to find out
if they can be used as chemotherapeutic agents in the
treatment of diseases caused by the five test organisms.

Sodium phenyldithiocarbamate was found to have
antibacterial properties against all five tested organisms, with
the same minimum inhibitory concentration (MIC) of 15
mg/ml. Its activities on Salmonella typhi, Bacillus subtilis
and Pseudomonas aeruginosa showed the same zone of
inhibition (19.0 mm) at the same concentration (100 mg/ml),
while Bacillus cereus and Proteus mirabilis also showed
same zone of inhibition of 18.7 mm at the same
concentration (100 mg/ml) [Table 1].

Gentamycin was found to inhibit the growth of the five
tested organisms and the zone of inhibition was found to be
in the range of 22.7 - 25.7 mm, while the solvent (DMSO)
showed no zone of inhibition against the tested organisms.
This indicates that the antibacterial activities observed in the
screening of sodium phenyldithiocarbamate and sodium
cyclohexyldithiocarbamate were as a result of the ligands and
not due to the DMSO used in the preparation of different
ligand concentrations.

MIC of sodium phenyldithiocarbamate was found to be 15
mg/ml, with 8.5 mm zone of inhibition for Salmonella typhi
and Proteus mirabilis, 8.7 mm zone of inhibition for Bacillus
subtilis and Bacillus cereus and 9.0 mm for Pseudomonas
aeruginosa.

Table 2. Antibacterial Activity of Sodium cyclohexyldithiocarbamate.

*Zone of inhibition (mm)

Bacteria Ligand concentration (mg/ml) Gentamycin DMSO
100 30 25 20 15 10 1.0 0.1 (5 pg/ml)

ST 16.3+0.0333 8.7+0.0577 0 0 0 0 0 0 23.7+0.0577 0

BS 15.0+£0.0577 8.7+0.0000 0 0 0 0 0 0 22.7+0.1000 0

BC 15.3+£0.0577 7.7+0.0577 0 0 0 0 0 0 24.3+0.0577 0

PSA 15.0+0.1000 9.0+0.1000 0 0 0 0 0 0 25.0+0.0000 0

PM 15.3+£0.0577 8.3+0.0577 0 0 0 0 0 0 25.0+£0.0577 0

*The values are average values of three readings

Key: ST = Salmonella typhi, BS = Bacillus subtilis, BC = Bacillus cereus, PSA = Pseudomonas aeruginosa, PM = Proteus mirabilis, Gentamycin = Positive

Control, DMSO = Negative Control

Sodium cyclohexyldithiocarbamate was also found to have
antibacterial property against the five organisms used,
showing similar MIC of 30 mg/ml. Activity on Salmonella
typhi showed the highest zone of inhibition (16.3 mm) at
concentration 100 mg/ml, while other organisms showed
zone of inhibition range 15.0 - 15.3 mm. Activity on Bacillus
subtilis and Pseudomonas aeruginosa showed the same zone
of inhibition (15.0 mm) at concentration of 100 mg/ml as

shown in Table 2.

Sodium cyclohexyldithiocarbamate which showed MIC of
30 mg/ml with 8.7 mm zone of inhibition for Salmonella
typhi and Bacillus subtilis, 7.7 mm for Bacillus Cereus, 9.0
mm for Pseudomonas aeruginosa and 8.3 mm for Proteus
mirabilis, can be used for treatment of infections caused by
the tested organisms.
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Key: L1 = Sodium phenyldithiocarbamate salt, L2 = Sodium cyclohexyldithiocarbamate salt

Figure 1. Average zone of inhibition of both ligands on Bacillus subtilis (BS).
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The increasing number and variety of drug resistant
pathogens is a serious public health problem [22]. Recent
studies show that Bacillus subtilis grow in anaerobic
conditions and use nitrite as terminal acceptor of electrons
[23]. Its spores can survive the extreme heating that is often
used to cook food and is responsible for causing rapines [24].

Even though Bacillus subtilis which is a rod-shaped Gram-

positive bacterium can gain protection more quickly against
many stress situations such as acidic, alkaline, osmotic or
oxidative conditions and heat or ethanol [25, 26], result of
this study (Table 1 and Figure 1) has shown that sodium
phenyldithiocarbamate can still be effective for the treatment
of diseases caused by it with more effectiveness as
concentration of the ligand increases.
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Figure 2. Average zone of inhibition of both ligands on Salmonella typhi (ST).
Bacillus  cereus which was inhibited by sodium  refrigerated, allowing the spores to germinate, resulting in the

phenyldithiocarbamate (Figure 3) with zone of inhibition of
8.5 mm and MIC 15 mg/ml; is an endemic, Gram-positive
rod-shaped beta haemolytic bacteria that causes food borne
illness [27], which get compounded when food is improperly

production of enterotoxin; and ingestion leading to illness
like diarrhoea and emetic syndrome [28]. Results show that
sodium phenyldithiocarbamate can be used as a remedy for
the treatment of any infection caused by Bacillus cereus.
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Figure 3. Average zone of inhibition of both ligands on Bacillus cereus (BC).
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Pseudomonas aeruginosa metabolism grows in the
absence of oxygen, if nitrate is available as respiratory
election acceptor [29, 30]. Formation of bacteria capsule,
slime layer and bio-film effectively protect cells from
opsonization, antibodies, complement deposition and
phagocyte engulfment [31]. Properties of the bacterium
undoubtedly contribute to its ecological success as an

opportunistic pathogen [32]. The fatality rate in patients is
near 50 percent [33] and it is occasionally also a pathogen of
plants [34]. The combination of gentamycin and carbenicillin
is frequently used for the treatment of severe Pseudomonas
infections [35]. But, with increased concentration, these
ligands can also serve as treatment for diseases caused by
Pseudomonas aeruginosa (Figure 4).
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Figure 4. Average zone of inhibition of both ligands on Pseudomonas aeruginosa (PSA).

Proteus mirabilis which was inhibited by sodium
cyclohexyldithiocarbamate (Figure 5) with 8.3 mm zone of
inhibition at MIC 30 mg/ml and 15.3 mm zone of inhibition
at 100 mg/ml is a Gram-negative, facultative anaerobic
bacterium. They inhibit growth of unrelated strains resulting
in a macroscopically visible line of reduced bacteria growth
where two swarming strains intersect [36]. They have the
ability to produce high level of urease which hydrolyses urea

to ammonia and thus makes the urine more alkaline. If left
untreated, the increased alkalinity can lead to the formation
of crystals of struvite, calcium carbonate, and or apatite. The
bacteria can be found throughout the stones, and these
bacteria lurking in the stones can reinitiate after antibiotic
treatment. Once the stone develop, overtime, they may grow
large enough to cause obstruction and renal failures [37] and
also produces a very distinct odour [38].
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Figure 5. Average zone of inhibition of both ligands on Proteus mirabilis (PM).

The results (Tables 1 and 2), show that both ligands (sodium
phenyldithiocarbamate and sodium cyclohexyldithiocarbamate)

can compete favourably with gentamycin if the concentrations
are increased. For an effective treatment of bacterial infections
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caused by any of these five tested organisms, concentration of
not less than 30 mg/ml may be required for sodium
cyclohexyldithiocarbamate and 15 mg/ml for sodium
phenyldithiocarbamate.

The experimental studies (Figures 1 - 5) showed that the
aromatic type of the ligand exhibited antibacterial activity for
all test organisms at a lower concentration (15 mg/ml)
compared to the cyclohexyl type of the ligand which showed
inhibition at 30 mg/ml and above. This may be attributed to
the fact that the aromatic type of the ligand is more stable
with a high bonding ability [39].

The results of this study were compared to that of Jayaraju
et al. [17], where Cu (II) and Mn (II) complexes of 2-amino
2-methyl-1-propanol dithiocarbamate inhibited the growth of
four bacteria (Staphylococcus aureus, Bacillus subtilis,
Escherichia coli and Pseudomonas aeruginosa) and two
fungus (Candida albicans and Candida tropicalis) at
concentration of 10 mg/ml. Cu (II) complex of 2-amino-2-
methyl-1-propanol  dithiocarbamate showed zone of
inhibition range of 14 mm - 15 mm for both bacteria and
fungi while Mn(II) complex of 2-amino-2-methyl-1-propanol
dithiocarbamate showed zone of inhibition range of 13 mm -
16 mm for Dboth Dbacteria and fungi. Sodium
phenyldithiocarbamate and sodium
cyclohexyldithiocarbamate as observed from the results can
only compete with the complexes used in the work of
Jayaraju et al., when concentrations of >35 mg/ml and >90
mg/ml respectively are used.

4. Conclusion

Moderate antibacterial activities were exhibited by both
ligands against all five tested standard isolates (Bacillus
subtilis, Bacillus cereus, Pseudomonas aeruginosa, Proteus
mirabilis and Salmonella typhi). From the economic point of
view, it is better to consider the use of the ligand itself as an
antibacterial agent than their complexes which requires the
addition of metals ions. Result from this study has shown that
the ligands (sodium phenyldithiocarbamate and sodium
cyclohexyldithiocarbamate) with increased concentrations,
can compete favourably with gentamycin which served as the
reference drug. Some commonly used antibiotics have side
effects, hence the need to explore other alternatives. Thus,
exploration of dithiocarbamate ligands as alternative
antibiotics could go a long way to improving quality of
health care.

References

[1] Hogarth, G., Rainford, B., Ebony, J. C. R. C. R., Kabir, S. E.,
Richards, I., Wilton-Ely, J. D. E. T. and Zhang, Q. (2009).
Functionalised dithiocarbamate complexes: Synthesis and
molecular structures of 2-diethylaminoethyl and 3-
diethylaminopropyl dithiocarbamates
[M{S2CN(CH2CH2Net2)(2)}(n)] (n=2, M= Ni, Cu, Zn, Pd,
n= 3, M= Co). Inorg. Chim. Acta, 362 (4), 2020-2026.

[2] Rajab, A. and Sami A. Z. (2015). Removal efficiency of Pb,

(4]

(3]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Cd, Cu and Zn from polluted water using dithiocarbamate
ligands. Journal of Taibah University for Science, 11, 57-65.

Li, Z. (2014). Synthesis of a carbamide-based dithiocarbamate
chelator for the removal of heavy metal ions from aqueous
solutions, J. Ind. Eng. Chem. 20, 586-590.

Nabipour, H. (2011). Synthesis of a new dithiocarbamate
cobalt complex and its nanoparticles with the study of their
biological properties. Int. J. Nano. Dim 1 (3), 225-232.

Nabipour, H., Shahriar, G., Shahriar A and Zahra S. A (2010).
Synthesis of a New Dithiocarbamate Compound and Study of
its Biological Properties, Org. Chem. J. 2, 75-80.

Dawood, Z. F., Mohammed, T. J. & Sharif, M. R. (2009). New
nickel (II) complexes with benzilbis (semicarbazone) and
dithiocarbamate ligands. Proceedings of the 5™ Scientific
Conference, College of Veterinary Medicine, University of
Mosul. Journal of Veterinary Sciences, 23, 135-141.

Daniel, K. G., Chen, D., Orlu, S., Cui, Q. C., Miller F. R and
Dou, Q. P. (2009). Clioquinol and pyrrolidine dithiocarbamate
complex with copper to form proteasome inhibitors and
apoptosis inducers in human breast cancer cells. Breast Cancer
Res. 7 (6), 897-908.

Sarwar, M., Ahmad, S., Ahmad, S., Ali, S and Awan, S. A.
(2007). Copper(II) complexes of pyrrolidine dithiocarbamate.
Trans Met Chem, 32 (2), 199-203.

Kanchi, S., Singh, P., and Bisetty, K. (2014). Dithiocarbamates
as hazardous remediation agent: a critical review on progress
in environmental chemistry for inorganic species studies of
20" century, Arab. J. Chem. 7, 11-25.

Leka, Z. B., Leovac, V. M., Lukic, S., Sabo, T. J., Trifunovic,
S. R. and Katalin, M. S. (2006). Synthesis and physico-
chemical characterization of new dithiocarbamate ligand and
its complexes with copper(Il), nickel(II) and Palladium(II). J.
Therm Anal and Cal, 83 (3), 687-691.

Ekennia, A. C., Onwudiwe, D. C., Cyril, U. & Eno, E. E.
(2015). Mixed Ligand Complexes of N- Methyl-N-phenyl
Dithiocarbamate: Synthesis, Characterisation, Antifungal
Activity, and Solvent Extraction Studies of the Ligand.
Hindawi Publishing Corporation Bioinorganic Chemistry and
Applications, 2015  (2015), Article ID 913424,
http://dx.doi.org/10.1155/2015/913424.

Beer, P. D, Berry, N., Drew, M. G. B., Fox, O. D., Padilla-
Tosta, M. E and Patell, S. (2001). Self-assembled
dithiocarbamate copper(Il) macrocycles for electrochemical
anion recognition. Chem. Commun., 4, 199-200.

Rani, P. J., Thirumaran, S. and Ciattini, S. (2015). Synthesis
and characterization of Ni(Il) and Zn(II) complexes of (furan-
2-yl)methyl(2-(thiophen-2-yl)ethyl)dithiocarbamate (ftpedtc):
X-ray structures of [Zn(ftpedtc)2(py)] and
[Zn(ftpedtc)CI(1,10-phen)], Spectrochim. Acta A: Mol
Biomol. Spectrosc, 137, 1164-1173.

Pandeya, K. B., Singh, R., Mathur, K and Singh R. P. (1986).
E. S. R. spectra of mixed ligand manganese(II)
dithiocarbamates. Transition Met. Chem, 11, 340.

Milacic, V., Chen, D., Giovagnini, L., Diez, A., Fregona, D
and Dou, Q. P. (2008). Pyrrolidine dithiocarbamate zinc(II)
and copper(Il) complexes induce apoptosis in tumor cells by
inhibiting the proteasomal activity. Toxicology and Applied
Pharmacology, 231, 24.



[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

American Journal of Chemistry and Application 2018; 5(4): 51-57 57

Ekennia, A. C. and Odola, A. J. (2013). Synthesis, physico-
chemical characterization and biocidal studies of nickel (ii)
mixed-ligand complexes of alkyl dithiocarbamate and
salicylaldehyde. International journal of pharmaceutical,
biological and chemical sciences. 2: 21-25, accepted
manuscript I. d; 2040837151.

Jayaraju, A., Musthak, A. M., Mallikarjuna, R. R. and
Sreeramulu, J. (2012). Synthesis, characterization and
biological evaluation of novel dithiocarbamate metal
complexes. Der Pharma Chemica, 4 (3), 1191-1194.

Ekennia, A. C., Onwudiwe, D. C., Cyril, U and Eno, E. E.
(2015). Mixed Ligand Complexes of N-Methyl-N-phenyl
Dithiocarbamate: Synthesis, Characterisation, Antifungal
Activity, and Solvent Extraction Studies of the Ligand.
Hindawi Publishing Corporation Bioinorganic Chemistryand
Applications, Article ID 913424,
http://dx.doi.org/10.1155/2015/913424.

Nzeneri, J. U., Ndukwu, G. 1. and Abayeh, O. J. (2018).
Synthesis and metal removal efficiency of sodium
phenyldithiocarbamate and sodium cyclohexyldithiocarbamate
ligands. IOSR Journal of Applied Chemistry, 11 (1), 72-82.

Ericson, H., Tunevall, U and Wick-man, K. (1960). The paper
Disc Method for Determination of bacterial Sensitivity to
Antibiotics: Relationship between the diameter of the zone of
inhibition and the minimum inhibitory concentration
Scandinavian. Journal of Clinical and laboratory investigation,
12 (4),414-422.

Odeyemi, A. T., Adebayo, A. A. and Adeosun, O. M. (2013).
Bacteriological and Physicochemical Studies on three major
Dams in Ekiti State Nigeria. Journal of Environment and
Earth Science, 3 (7), 2224-3216.

Prescott, E. C. and Rajnish, M. (2005). Recursive Competitive
Equilibrum: The Case of Homogeneous Households. Theory
of Valuation: 2", 357-371.

Todar’s online textbooks (2013): Nutrition and growth of
bacteria. www.textbookofbacteriology.net. Retrieved on 21-
10-2017.

Ryan, K. J. and Ray, C. G. (editors) (2004). Sherris Medical.
Microbiology 4™ edition, McGraw-Hill, New York, 551-552.

Krieg, P. A., Melton, D. A., Rebagliati, M. R., Maniatis, T.,
Zinn, K and Green, M. R. (1984). Efficient in vitro synthesis
of biologically active RNA and RNA hybridization probes
from plasmids containing a bacteriophage SP6 promoter.
Nucleic Acids Research, 12 (18), 7035-7056.

Ara, K. (2007). Bacillus Minimum genome Fectory: Effective
Utilization of Microbial Genone Information. Biotechnol.
Applied Biocem, 46 (3), 169-178.

[27]

[28]

[29]

[32]

[33]

[34]

[35]

[36]

[39]

Ehling, M., Fricker, M and Scherer, S. (2004). Bacillus
Cereus, the causative agent of an emetic type of food-borne
illness. Molecular Nutrition and Food Research, 48 (7), 479-
487.

Kotiranta, A and Haapasalo, M. (2000). Epidemiology and
pathogenesis of Bacillus cereus infections. Microbes and
Infection, 2 (2), 189-198.

Hassett, D. J. (1996). Anaerobic production of alginate
restricts diffusion of oxygen. J. Bacteriol. 178 (24), 7322-
7325.

Worlitzsch, D., Tarran, R and Gerd, D. (2002). Effect of
reduced mucus oxygen concentration in airway Pseudomonas
infection of cystic fibrosis patients. The Journal of Clinical
Investigation, 56, 123-138.

Nguyen, D., Amruta, J and Francois, L. E. (2011). Active
Starvation Responses Mediate Antibiotic Tolerance in
Biofilms and Nutrient-Limited Bacteria. Science Volume, 334
(6058), 982-986.

Elkin, S and Geddes D. (2003). Pseudomonas Infection in
Cystic Fibrosis: the battle Continues. Journal of Expert
Review of Anti-Infective Therapy, 1, 609-618.

Cornelis, L. (2008). Pseudomonas: Genomics and Molecular
Biology, 1* Edition. Amazon.com, Caister Academic Press,
Belgium. ISBN-13: 978-1904455196, ISBN- 10: 1904455190.

Lau, S. K. P, Woo, P. C. Y., Fung, A. M. Y., Chan, K., Woo,
G. K. S. and Yuen, K. (2004). Anaerobic non-Sporulating
Gram-positive bacilli bacteraemia characterized by 16S rRNA
gene Sequencing. Journal of Medical Microbiology, 53, 1247-
1253.

Eldere, J. V. (2003). Multicentre Surveillance of Pseudomonas
Aeruginosa Susceptibility Patterns in Nosocominal Infection.
Journal of Antimicrobial Chemotherapy, 51 (2), 347-352.

Esipov, S. E. and Shapiro, J. A. (1998). Kinetic Model of
Proteus Mirabilis Swarn Colony Development. Journal of
Mathematical Biology, 100, 23-26.

Rauprich, O., Matsushita, M., Weijer, C. J., Siegert, F., Esipov,
S. E. and Shapiro, J. A. (1996). Periodic Phenomena in
Proteus Mirabilis Swarm Colony Development. Journal of
Bacteriology, 178 (22), 6525-6538.

Gue, M., Dupont, V., Dufour, A and Sire, O. (2001). Bacterial
Swarming: A Biochemical Time-Resolved FRIR-ATR Study
of Proteus Mirabilis Swam-Cell Differentiation. Journal of
Biochemistry, 40 (39), 11938-11945.

Rajab, A and Sami A. Z. (2015). Removal efficiency of Pb,
Cd, Cu and Zn from polluted water using dithiocarbamate
ligands. Journal of Taibah University for Science, 11, 57-6.



