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on Dimethyl Disulfide (DMDS) and Diethyl Disulfide (DEDS) Removal
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Abstract: For first time, biodegradation of Dimethyl Disulfide (DMDS) and Diethyl Disulfide (DEDS) 
were studied by several bacterial strains, isolated from experimental biofilter filled with these compounds.
Among the isolates, two strains identified as Paenibacillus and Rhodococcus could utilize DEDS up to 
80.4% when they were grown on glycerol during 10 days while induced cell free extract of Rhodococcus
could remove this compound by 58% in 30'. Using of DEDS (2 ml l−1) as the sole sulfur source delayed lag 
phase of Paenibacillus growth for 3 days, when this strain was cultivated on screw capped Castaneda 
bottles, but growth rate was the same as control. Addition of DMDS (2 ml l−1) reduced the growth rate of 
both strains; however, Paenibacillus and Rhodococcus could utilize this substrate up to 28.8%. None of 
these isolates could use DMDS or DEDS as the sole carbon sources. Microplate titer assay showed that 
using high concentration of DMDS (5 ml l−1) and DEDS (5 ml l−1) did not have positive effect on growth in 
aerobic condition. However, low concentration of DEDS (5mM) in the same condition increased the
growth rate of both strains.
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INTRODUCTION

Volatile Organic Sulfur Compounds (VOSCs) such 
as Dimethyl Disulfide (DMDS), Dimethyl Sulfide
(DMS) and Methanethiol (MT) are widely distributed 
in various environments. They are produced by
microbial degradation of sulfur-containing amino acids, 
thermal decomposition, wood-pulping industry, gas and 
oil refineries which cause malodorous air pollution. 
Because methyl sulfides, Diethyl Disulfide (DEDS) and 
Ethyl Methyl Sulfide (EMS) have a low odour
threshold, the occurrence of these substances in
industrial emissions causes serious odour problems for 
these industries [1-3]. These compounds collected as 
waste in oil and Gas Company at Assaluieh in Iran. 
DMDS can be used in a wide variety of applications, 
including: petrochemicals, fine chemicals as chemical
intermediate, metallurgy for its anti-corrosion
properties and etc. [4]. Although DMDS and other 
VOSCs  are  used  as  nematicide, herbicide, fungicide 
[5-7] and solvent, but there is not excess information 
about degradation of DMDS and DEDS. However, 
there are some references [8-24], about biodegradation 
of methyl sulfides but metabolism of alkyl sulfides 
other than methylated compounds has not been studied 
extensively [3]. In this study, at the first time, we 
reported biodegradation of DMDS and DEDS by
isolated Paenibacillus and Rhodococcus.

MATERIALS AND METHODS

Sampling and isolation: For the isolation of dialkyl 
disulfides degrading bacteria, environmental samples 
were collected from various sites in Isfahan, in the
centre of Iran. The samples included contaminated soil, 
oil refinery wastewater, coal tar waste, river water and 
activated sludge. Soil samples (10 g) were taken from 
1-12 cm below the soil surface using a sterile knife and 
transferred to organic sulfur broth for enrichment and 
isolation. Wastewater samples were collected from a 
depth of 15 cm in sterile 1000 ml bottles and
transported on ice to the laboratory for isolation on the 
same day. Portions of wastewater (1 ml) and or soil (10 
g) samples were added to Erlenmeyer flasks containing
100 ml basal medium broth with glucose as a sole
carbon source and dialkyl sulfides. The flasks incubated 
for 10 days at room temperature. Then 5 ml aliquots 
were removed to fresh broth medium (100 ml). After a 
series of four further subcultures, inoculum from the 
flasks was streaked out and showed phenotypically 
different colonies purified on solid media. The other 
site for isolation of dialkyl disulfides degrading bacteria 
was experimental biofilter filled with these compounds. 
The procedure was repeated and isolates only
exhibiting pronounced growth on dialkyl sulfides were 
stored for further characterization.
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Medium and growth conditions: The basal medium 
(BM) contained (in grams per liter) KH2PO4 (2.5),
K2HPO4 (2.5), (NH4)2Cl (1.0), MgCl2.6H2O (0.2) and
FeCl3.6H2O (0.01) and was supplemented with sugar
(10.0) as the sole carbon source [10]. DMDS and or 
DEDS were added as the sulfur sources to final
concentrations of 2 ml l−1 and 2 ml l−1, respectively. 
The pH of the medium was adjusted to 7. The medium
for growth on dialkyl sulfides as the sole carbon and 
sulfur sources previously described by Visscher and 
Taylor [3]. Basal media were sterilized at 110°C for 10 
min and then DMDS or DEDS added to sterile basal 
media.

After isolation, for studying DMDS and DEDS 
utilization as a sole sulfur sources by isolates, they were 
cultivated  on  screw  capped  Castaneda bottles during 
10 days and for studying growth on dialkyl sulfides as 
the sole carbon and sulfur sources, isolates were
cultured as the same described above.

Desulfurization of DMDS and DEDS and organic 
sulfur removal assay: Growth curves of the isolates 
were routinely assessed directly by turbidity
measurement as (O.D. at 600 nm) in a UV-visible
spectrophotometer (Shimadzu UV-160, Japan).
Desulfurization assay was performed in liquid cultures. 
For this assay cells were incubated 4 days at room
temperature in different carbon sources that were
supplemented with DMDS or DEDS in aerobic
condition. Also, colonies dissolved in BM so that the 
O.D600 was 0.5 and from these suspensions 1ml added 
to 10ml of basal medium containing test substrate, in a 
250ml screw capped Castaneda bottles. During
cultivation of strains, measuring of growth, DMDS and 
DEDS degradation were performed after 10 days. The 
DMDS and DEDS removal assay was carried out using 
toluene for organic sulfur extraction (The data for 
solvent selection are not shown). In this method, 3ml 
and 5ml solvent were added to 10ml media were
supplemented with DEDS and DMDS, respectively.
Then, the UV adsorption of samples and controls were 
determinded by UV160A spectrophotometer.

Microplate titer assay:  In this method two isolates 
were grown on nutrient agar and single colonies were 
dissolved in BM and 30µl of them (O.D600 = 0.5-0.6)
inoculated to individual wells of a 96-wells microplate 
containing 220µl sterile basal medium with DMDS or 
DEDS. The microplates were then incubated at room 
temperature for 24 hours and the O.D. at 630 nm was 
measured by an ELISA reader (Stat Fax 2100). All 
treatments carried out in triplicates.

Preparation of cell free extract and enzyme assays:
Grown Rhodococcus   on   media   with DEDS   was 

harvested during late exponential phase (3 days growth) 
by centrifugation. The cells were first span at 500g for 
10´ at 4°C and then twice at 1500g for 10´ (also at 4°C).
Between spins the cells were washed in distilled water 
and the final pellet was resuspended in 8 ml of
phosphate buffer (0.02% KH2PO4 (W/V)) containing 
1% glycerol (V/V) at pH 7. This glycerol containing 
buffer is thought to minimize the denaturizing effects of 
ultrasound treatment. The bacterial cells were disrupted 
by four 30 second bursts. Each burst separated by a 
1´cooling period. Unbroken cells were removed by
centrifugation at 1200g for 15´. The supernatant was 
used for desulfurization of DEDS. In this case the 
reaction was started by addition of a known volume of 
cell free extract to both cuvettes. The blank cuvette 
normally lacked only the DEDS.

Chemicals: Organic sulfides (DMDS and DEDS) were 
obtained from Aldrich-Sigma Chemical Company.
Other chemicals were obtained from Merck Company, 
Germany.

RESULTS AND DISCUSSION

DMDS and DEDS are toxic to most gram negative 
bacteria and addition of these compounds to soil
reduced gram negative bacteria and increased gram 
positive bacteria (The data are not shown). Most gram 
positive bacteria were isolated in media enriched with 
DMDS or DEDS. One isolated gram positive, nitrogen 
fixing, spore forming, rod bacterium identified as
Paenibacillus. The other isolate was gram positive, 
cocci, partially acid fast with branch hyphae, catalase 
positive and identified as Rhodococcus could grow on 
these compounds under different conditions. The
identification was approved by Razi institute.

Addition of DMDS (2 ml l−1) or DEDS (2 ml l−1) to 
basal medium in aerobic condition showed that DEDS 
enhanced the growth rate of Rhodococcus and
Paenibacillus while DMDS reduced the growth rate of 
both strains (Fig. 1-4). As it is shown in Fig. 4, the 
optical density (600nm) of Rhodococcus on glycerol 
without any typical sulfur was 0.1 while it was 0.3 with 
DEDS as sulfur source. The growth was low because of 
dispersed growth of both strains. However in screw 
capped Castaneda bottle with 2 ml l−1  DMDS reduced 
the growth rate of both isolates and addition of 2 ml l−1

DEDS only increased the lag period of Paenibacillus
(Fig. 5 and 8). In this condition, there is not any 
evaporation and Rhodococcus utilized DEDS and
DMDS up to 80.4% and 24.9%, respectively as the sole 
sulfur sources, however, Paenibacillus utilized these
compounds up to 77.5% and 28.8%, respectively (Fig. 9 
and 10). Removal of DMDS and DEDS by UV
adsorption in samples that were grown in glycerol with
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Fig. 1: The growth rate of Paenibacillus grown in
DMDS as the sole sulfur source. Samples were 
incubated at room temperature for 4 days in 
aerobic condition. As it is shown DMDS reduced 
the growth rate of this isolate. Symbols:  in 
sucrose;  in glucose;  in glycerol;   in 
sucrose  and  DMDS; ∆ in  glucose  and  DMDS; 
× in glycerol and DMDS 
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Fig. 2: The growth rate of Paenibacillus grown in
DEDS as the sole sulfur source. Samples were 
incubated at room temperature for 4 days in
aerobic condition. As it is shown DEDS does not 
have any negative effect on growth of
Paenibacillus and increased growth rate of this 
isolate.  Symbols:   in  sucrose;  in glucose; 

 in glycerol and DMDS; ∆  in glucose and 
DMDS; × in glycerol and DMDS

these compounds during 10 days is shown in Fig. 11 
and 12, respectively. In microplate assay, addition of 
high concentration 5 ml l−1 of DMDS and 5 ml l−1

DEDS did not have any effect on growth but   this
concentration with urea as nitrogen source significantly 
reduced the growth of Paenibacillus.
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Fig. 3: The growth rate of Rhodococcus grown in 
DMDS as the sole sulfur source. Samples were 
incubated at room temperature for 4 days in 
aerobic condition. As it is shown DMDS reduced 
the growth rate of this isolate. Symbols:  in 
sucrose;  in glucose;  in glycerol;  in
sucrose and DMDS; ∆ in glucose and DMDS; × 
in glycerol and DMDS
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Fig. 4: The growth rate of Rhodococcus grown in DEDS 
as the sole sulfur source. Samples were
incubated at room temperature for 4 days in 
aerobic condition. As it is shown the growth on 
glycerol and DEDS was higher than the others. 
Although the strain had dispersed growth but 
clearly addition of DEDS increased the growth 
rate. Symbols:  in sucrose;  in glucose;  in 
glycerol; in sucrose and DMDS; ∆ in glucose
and DMDS; × in glycerol and DMDS

However, microplate assay showed there is clearly 
difference in growth rate of Rhodococcus with DEDS 
(5mM) as the only source of sulfur and glycerol as the 
only source of carbon (Table 1). The result in this table 
indicated  that Rhodococcus  grow on   glycerol  faster
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Fig. 5: The growth rate of Paenibacillus grown in
DMDS as the sole sulfur source. Samples were 
incubated at room temperature for 10 days in 
anaerobic condition. As it is shown DMDS
reduced the growth rate of this isolate. Symbols: 

 in sucrose;  in glucose;  in glycerol;   in 
sucrose and DMDS; ∆ in glucose and DMDS; × 
in glycerol and DMDS
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Fig. 6: The growth rate of Paenibacillus grown in
DEDS as the sole sulfur source. Samples were 
incubated at room temperature for 10 days in 
anaerobic condition. DEDS only increased the
lag period of this isolate. Symbols:  in sucrose; 

 in glucose;  in glycerol;   in sucrose and 
DMDS; ∆ in glucose and DMDS; × in glycerol 
and DMDS

than Paenibacillus. The same result observed in aerobic 
condition with higher concentration (Fig. 4).

In all experiments, it was shown that DMDS inhibit 
the growth of Paenibacillus and Rhodococcus in
aerobic or  anaerobic  condition  and  only in microplate
assay 5 ml l-1 did not have negative  effect on growth
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Fig. 7: The growth rate of Rhodococcus grown in 
DMDS as the sole sulfur source. Samples were 
incubated at room temperature for 10 days in 
anaerobic condition. As it is shown DMDS
reduced the growth rate of this isolate. Symbols: 

 in sucrose;  in glucose;  in glycerol;   in 
sucrose and DMDS; ∆ in glucose and DMDS; × 
in glycerol and DMDS
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Fig. 8: The growth rate of Rhodococcus grown in DEDS
as the sole sulfur source. Samples were
incubated at room temperature for 10 days in 
anaerobic condition. Symbols:  in sucrose;  in 
glucose;  in glycerol;   in sucrose and DMDS; 
∆ in glucose and DMDS; × in glycerol and 
DMDS

and this might be as the results of evaporation. DEDS 
mostly delayed the lag phase and when glycerol is the 
only source of carbon increased the growth rate of both 
strains. It seems there is some sulfur sources in glucose 
or sucrose but in highly pure glycerol which obtained
from Merck Company without addition of sulfur
sources, the isolates used these compounds (DMDS and
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Table 1: The microplate titration for growth of Rhodococcus and
Paenibacillus

Strains optical density (OD630nm)
------------------------------------------

Media Rhodococcus Paenibacillus
Glycerol (1%V/V) 0.66 0.30
Glycerol and DEDS (5 mM) 1.20 0.47
Basal media 0.40 0.30
As it is clearly shown addition of VOSCs increase the OD from 0.4 to 
1.2 in Rhodococcus. Basal medium have no sulfur sources. The micro 
plates were incubated at room temperature for 24 hours and the OD. 
at 630 nm was measured by an ELISA reader (Stat Fax 2100). All 
treatments carried out in triplicates
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Fig. 9: The utilization of DMDS by Paenibacillus and 
Rhodococcus in different media. Screw capped 
Castaneda bottles were incubated at room
temperature for 10 days. Symbols:
Paenibacillus; Rhodococcus
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Fig. 10: The  utilization  of  DEDS by Paenibacillus
and Rhodococcus in different media. Screw 
capped   Castaneda   bottles   were  incubated
at  room  temperature  for  10 days. Symbols: 

Paenibacillus; Rhodococcus

DEDS) as sulfur sources. Although there is not any 
growth with DMDS or DEDS as the sole carbon 
sources, it seems these compounds are used as the sole 
sulfur sources in low concentrations.
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Fig. 11: Removal of DMDS by Paenibacillus and
Rhodococcus at 288nm. (DMDS was extracted 
from the closed capped media). These isolates 
were grown in glycerol at room temperature 
for 10 days in anaerobic condition. Symbols: 

 Blank; Rhodococcus;  Paenibacillus
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Fig. 12: Removal of DEDS by Paenibacillus and
Rhodococcus at 286nm. (DEDS was extracted 
from the closed capped media). These isolates 
were grown in glycerol at room temperature 
for 10 days in anaerobic condition. Symbols: 

 Blank; Rhodococcus; Paenibacillus

Synergism growth of both isolates utilized DEDS 
up to 65.7% during 10 days. There is an evidence for
ethanol and methanol production in co-culture media 
but this must consider for production of this products 
from glucose or glycerol which are used as the carbon 
sources. Co-culture degradation of DEDS is reported 
for the first time; however there are some reports about 
biodegradation of DMDS by Thiobacillus [3, 25, 26]. 
Both compounds have spoiled cabbage or garlic odor 
and are obtained after desulfurization of gas in Iran. 
Since DEDS have more solubility in water than DMDS, 
might   be   used   by   the   isolates  more  than DMDS,

Glucose Glycerol

Glucose Glycerol
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Fig. 13: Removal of DEDS by cell free extract from
Rhodococcus. Induced cell free extract
incubated with DEDS (16.246mM) for 30'. As 
it is shown the removal was 58%. Symbols: 

 Blank; Induced cell free extract

however DMDS was more toxic and addition of it to 
soil kills all gram negative bacteria and only spore
forming Bacilli are resistant to these compounds.

These isolates could use thiophene and
dibenzothiophene (DBT) as the sole sulfur sources (The 
data are not shown). There are some reports about 
desulfurization of DBT by Paenibacillus and
Rhodococcus [27-32]; however there are not any
reports about desulfurization of DEDS by these
microorganisms. Desulfurization of DEDS in this study 
was approved by Rhodococcus erythropolis which was 
obtained from NCBI. This strain acts exactly like
Rhodococcus isolated from contaminated soil. The
results showed although these compounds are toxic to 
most of bacteria, these isolates which had
desulfurization ability could use DMDS and DEDS as 
the sole sulfur source with another carbon sources.

Ito et al. [33] showed that Pseudomonas
fluorescens strain 76 could have highest growth rate on 
glucose/DMDS medium consisting of 1% glucose as 
carbon source and 5.65mM DMDS and grew on DMDS 
up to 9.04mM. However our isolated Paenibacillus
could tolerate DMDS up to 22.57mM but only utilize it 
by 18.5%. Also, it was shown for the first time that this 
isolate could utilize DEDS by 68%. Since the
production of slime was reduced in present of DEDS or 
DMDS, these compounds are candidate to reduce
biofilm formation.

The desulphurization of DEDS was tested by cell 
free extract of Rhodococcus grown on DEDS or sulfate 
as the only sources of sulfur. Results in Fig. 13 showed 
that only DEDS grown cells of Rhodococcus reduced 
DEDS   but  did   not  have  any  effect  on  DMDS. The 

enzyme induced by addition of DEDS in growth media 
but cell free extract can remove DEDS even in natural 
water. Although it is hard to see the clear difference in 
growth as results of dispersed growth of Rhodococcus
but in complete aerobic condition there is not any 
growth without addition of DEDS as the only sources 
of sulfur (Fig. 4), Although in practical meaning
biological degradation as sulfur source is not attractive 
because natural water contains sulfate but the cell free 
extract as enzyme treatment can be a good candidate for 
desulphurization of DEDS in water and also is
candidate to reduced DEDS in gas refinery. Pars Oil 
and Gas refinery in Assaluieh of Iran has 40% DEDS, 
20% DMDS, 30% MEDS, 5% methanethiol and
5%mercaptan (unpublished data). So the enzyme
removal of DEDS is important not only in gas refinery 
but also in wastewater treatment for this company. To
the best of our knowledge this is the first report about 
desulphurization of DEDS by cell free extracts of
Rhodococcus grown on glycerol and DEDS.
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