Jundishapur | Microbiol. 2014 March; 7(3): e9123. DOI:10.5812[jjm.9123

Published online 2014 March 1. Research Article

Improvement of Biodesulfurization Rate of Alginate Immobilized
Rhodococcus erythropolis R1

Peyman Derikvand '; Zahra Etemadifar "

1Department of Biology, Faculty of Sciences, University of Isfahan, Isfahan, IR Iran

*Corresponding author: Zahra Etemadifar, Department of Biology, Faculty of Sciences, University of Isfahan, Isfahan, IR Iran. Tel: +98-3117932367, Fax: +98-3117932456, E-mail: z_
etemadifar@yahoo.com

Received: November 13, 2012; Revised: January 28, 2013; Accepted: March 3, 2013

Background: Sulfur oxides released from the burning of oil causes severe environmental pollution. The sulfur can be removed via the 4S
pathway in biodesulfurization (BDS). Immobilization approaches have been developed to prevent cell contamination of oil during the
BDS process.

Objectives: The encapsulation of Rhodococcus erythropolis Rl in calcium alginate beads was studied in order to enhance conversion of
dibenzothiophene (DBT) to 2-hydroxy biphenyl (2-HBP) as the final product. Also the effect of different factors on the BDS process was
investigated.

Materials and Methods: Calcium alginate capsules were prepared using peristaltic pumps with different needle sizes to control the beads
sizes. Scanning electron microscopy and flow cytometry methods were used to study the distribution and viability of encapsulated cells,
respectively. Two non-ionic surfactants and also nano Y-Al,0,were used with the ratio of 0.5% (v/v) and 1:5 (v/v) respectively to investigate
their BDS efficiency. In addition, the effect of different bead sizes and different concentrations of sodium alginate in BDS activity was
studied.

Results: The 2% (w/v) sodium alginate beads with 1.5mm size were found to be the optimum for beads stability and efficient 2-HBP
production. The viability of encapsulated cells decreased by 12% after 20 h of desulfurization, compared to free cells. Adding the non-ionic
surfactants markedly enhanced the rate of BDS, because of increasing mass transfer of DBT to the gel matrix. In addition, Span 80 was
more effective than Tween 80. The nanoY-Al, O, particles could increase BDS rate by up to two-folds greater than that of the control beads.
Conclusions: The nano Y-Al,0, can improve the immobilized biocatalyst for excellent efficiency of DBT desulfurization. Also the BDS

activity can be enhanced by setting the other explained factors at optimum levels.
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1. Background

Consumption of sulfur-rich fossil fuels leads to the
release of sulfur oxides and therefore creates severe
air pollution and acid rain. A major part of petroleum
sulfur compounds is organic compounds and one
of the main problems of oil refining is its refinement
from crude oil (1). Although the physical-chemical pro-
cess can remove inorganic sulfur, organic sulfur com-
pounds such as dibenzothiophene (DBT) remain in oil
after this process (2) and these resistant compounds
can be removed by biodesulfurization (BDS). Due to
specificity and cost-effectiveness, BDS can be an alter-
native or complementary process to hydrodesulfuriza-
tion (HDS) technology (3). Some of the bacterial strains
such as Rhodococcus sp. can remove sulfur from DBT and
produce 2-HBP as the final product without causing oxi-
dative loss of fuel carbon. This process is done through
the 4S pathway, which is a multi-enzyme system. This
system includes four genes: dszA, dszB and dszC encod-

ed by the plasmid, and dszD encoded by the bacterial
chromosome (4, 5).

Many previous studies have been conducted on BDS
using whole cell (6, 7) or enzymes. Use of enzymes has
disadvantages such as expensive enzyme extraction
and also enzyme’s constant need to cofactors (8). There-
fore, in most cases, the whole cells are used in BDS in-
stead of enzymes. However, the use of whole cells is also
limited. For example, using free cells in BDS leads to
mixture of oil with cells and a cell suspension is formed
where separation of cells requires centrifugation,
which has high cost. In addition, there is the possibility
of cell contamination of the products (9). To solve these
problems, immobilization methods are used in the in-
dustry. Compared to using free cells, immobilization
has some advantages such as: enhanced stability, easy
separation of cells, minimization or elimination of cell
contamination of the product, and easy recovery and
re-use of cells, which enables their continuous use (10).

Alginate is among biopolymers that can be employed
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This study was performed to improve bioremediation of sulfur contamination in oil.
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in encapsulation of cells and enzymes and because of
its advantages such as biocompatibility, simplicity and
low cost, it has been widely used in industrial processes
(11). Flow cytometry is one of the viability measurement
methods, which very precisely enables rapid analysis of
thousands of cells in a few seconds (12). Also in other
procedures such as the plate counting method, some
bacteria are physiologically active but unable to divide
and are considered as dead cells, but the problem does
not exist in flow cytometry (13). Therefore, in the cur-
rent study immobilization of Rhodococcus erythropolis
R1 by calcium alginate was done, and the strategies
to improve the rate of desulfurization (such as nono-
coating and surfactant) by immobilized cells were in-
vestigated. In addition, viability of entrapped cells was
measured by flow cytometry.

2. Objectives

The aim of the current study was biodesulfurization
of DBT by immobilized cells and improvement of their
activity.

3. Materials and Methods

3.1. Chemicals

Sodium alginate, rhodamine 123 and nano Y-Al,0O,
were purchased from Sigma Chemical Co. DBT was pur-
chased from Merck. 2-HBP, Span 80 and Tween 80 were
obtained from Fluka Chemika. All other chemicals were
analytical grade and commercially available.

3.2. Bacterial Strain and Growth Condition

R. erythropolis Rl (NCBI GenBank Accession No.
GU570564), a capable strain in desulfurizing DBT to
2-HBP was previously isolated from oil-contaminated
soil (14) and was cultured in basal salt medium (BSM)
supplemented with 0.3 mM DBT as the sole sulfur
source. Cell cultivation was conducted in a 1000 mL
flask containing 200 mL of BSM medium at 30°C on a
rotatory shaker operated at 180 rpm (n-biotech, Inc).
The BSM had the following composition: Na,HPO,.7H,0
8 gL, KH,PO, 4 gL, NH,Cl 2 g/L, MgCl, 0.2 g/L, FeCl,
0.001 g|L, CaCl, 0.001 g/L and glucose 15 g/L as the car-
bon source.

3.3. Entrapment of Bacteria

Cells were harvested after 72 h by centrifugation at
7000 rpm for 10 min, washed several times with 0.9%
NaCl in order to remove DBT remaining on the surface
of cells, and then resuspended to adjust the cell mass
to an ODg,,,, Of 40. Sodium alginate solution was
prepared by the slow addition of the alginate powder
and stirring of the solution to avoid the formation of
precipitation. The alginate concentrations were 2%, 4%

and 6%, and were mixed well with equal volumes of cell
suspension, so that the final concentrations of sodium
alginate were 1%, 2% and 3%, respectively. To examine the
size effect of the beads on the BDS, capsules with diam-
eters of 1.5, 2.5 and 4 mm were prepared by different
niddle sizes. The target concentration of surfactants
(Tween 80 and Span 80) was 0.5% (v/v) and also volume
ratio of cell mass to nanoY-Al,0, was 5:1 (v/v). The algi-
nate-cell suspension was added in a drop-wise manner
to 0.2 M CacCl, using a peristaltic pump and magnetic
stirring to avoid droplet aggregation. Gelation time
was restricted to one hour and afterwards, the beads
were washed twice with modified BSM (MBSM) and
then kept in MBSM supplemented with 0.1 mM DBT in
order to stay active. In the MBSM composition, the value
of phosphate component of BSM was reduced to 0.1 to
avoid dissolution of alginate beads. Other components
were the same as those in BSM.

3.4. Determination of Immobilized Cell Biodesul-
furization Activity

The reaction solution contained immobilized cells
and MBSM supplemented with 1 mM DBT and the reac-
tion was conducted in 250 mL flasks at 30°C and 180
rpm. After specific periods of time, 2-HBP production
was measured by the Gibb’s assay. After the reaction,
beads were separated and kept in MBSM supplemented
with 0.1 mM DBT for recycle desulfurization.

3.5. Cells Viability Determination

Ten individual beads were added to the dissolving buf-
fer, mixed slowly to allow them to fully dissolve, and
then washed twice with phosphate buffered saline
(PBS), followed by suspension in this solution. The dis-
solving buffer composed of 55 mM sodium citrate, 30
mM EDTA, and 0.15 M NaCl. Rh-123 was made up to 1 mg/
ml in ethanol and maintained at -20°C as stock solu-
tion. The working concentration of Rh-123 was 10 pg/
mlL, which was freshly prepared in PBS on the day of
the experiment. 100 pL of the cell suspension was trans-
ferred to a 5 mL polypropylene tube and 400 pL of the
stain was added to it at room temperature, and then it
was placed in the dark for 10 min. Measurements by the
flow cytometer were performed directly thereafter (14).

3.6. Analytical Methods

Cell density was measured by absorbance at 600 nm
(ODgponm)- To determine the average size of beads,
ten individual beads were measured with vernier cali-
pers. Desulfurization activity was monitored using the
Gibb’s reagent (2,6-dichloroquinone-4-chloroimide).
Gibb’s reagent reacts with aromatic hydroxyl groups
such as 2-HBP at a pH of 8.0 to form a blue-colored com-
plex that can be monitored spectrophotometrically at
610 nm wavelength. The Gibb’s assay was done as fol-
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lows: microbial culture was centrifuged at 7000 rpm
for 10 min and 1 mL of supernatant was diluted, placed
in a clean test tube and its pH adjusted to 8.0 by add-
ing 200 pL of NaHCO, 1 M, followed by 20 nL of Gibb’s
reagent (10 mM). The solution was incubated for 30 min
atroom temperature to produce full-color and then the
absorbance of the solution was measured at 610 nm
(spectronic 21D Milton Roy). The BDS activity of the cells
was determined as the percentage of desulfurization
according to the following Equation 1:

Xpps = S22 % 100

Equation1. Cop

Where CDBTO is the initial concentration of DBT (mM)
and C2-HBP is the 2-HBP (mM) concentration after a
certain period of time. The morphology of alginate-im-
mobilized cells and nano Y-Al,O; on the surface of cells
was determined using a scanning electron microscope
(SEM) (Seron technology AIS2100). Flow cytometry was
conducted using a BD FACS Calibur Flow Cytometer
342976 (USA) by a fluorescence detector that detects
appropriately filtered light through the green channel
(FL1, 525 nm). A total of 10,000 cells were recorded for
each sample. All of the experiments were performed in
duplicate.

4. Results and Discussion

4.1. Scanning Electron Microscopy of Immobi-
lized Cells

Cells distribution in alginate beads were visually eval-
uated by SEM observations of the surface and sections
of the beads. As shown in Figure 1, only a few R. eryth-
ropolis R1 cells were attached to the surface of alginate
beads (Figure 1a) while a large number of entrapped
cells were observed in the transect of the beads (Figure
1b).

4.2. Effect of Bead Size on Biodesulfurization

Small beads have high surface volume ratio, which
might reduce the mass transfer limitation. Previous
studies (15,16) have indicated that reduction in the algi-
nate bead diameter increases efficiency of the beads. To
examine the size effect of the beads on the BDS, capsules
with diameters of 1.5, 2.5 and 4 mm were prepared. Fig-
ure 2 shows the result of 2-HBP production after 10 and
24 h from the reaction. It was observed that bead size
of alginate capsules play an important role in determi-
nation of the reaction rate. The 2-HBP production after
24 hours was 0.44, 0.39 and 0.30 mM, respectively. This
result indicates that the conversion ratio of the 4 mm
beads was lower than that of the 1.5 and 2.5 mm beads.
According to the current study, the desulfurization rate
improved with decreasing the bead size and the opti-
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mum diameter for immobilized beads was found to be
1.5 mm.

4.3. Effect of Alginate Concentration

The stability and re-usability of beads improved with
increasing alginate concentration and beads with high
concentration of alginate were more spherical and
could be used several times in BDS. However, due to
reduction of leakage and mass transfer in alginate im-
mobilized cells, the 2-HBP production was decreased. In
contrast, beads with low alginate concentration were
relatively soft and had favored leakage to mass trans-
fer (17). Zhang et al. (18) showed that a decrease in al-
ginate concentration leads to an increase in efficiency
of beads. As shown in Figure 3, 2-HBP production after
24 hours using beads with 1% alginate concentration
was 1.75 fold more than that of 3% alginate concentra-
tion. In addition, beads with 1% alginate concentration
were notrigid enough and had low stability and spheri-
cal shape, thus 2% (w/v) sodium alginate concentration
was determined to be the optimum concentration for
efficient bioconversion.

4.4. Surfactant Effect on Biodesulfurization Rate

In this part of the study, the effect of two non-ionic sur-
factants (Tween 80 and Span 80) on DBT BDS and 2-HBP
production rates were investigated. Use of surfactants,
compared with the control, results greater DBT to be
dissolved in the aqueous phase and allows easier pen-
etration into beads and as a result leads to an increase
of 2-HBP production. In addition, 2-HBP as a product of
DBT BDS is not fully soluble in the aqueous phase and
displays an inhibitory effect on biodesulfurization ac-
tivity by aggregation around the cell. Feng et al. (19)
showed that Tween 80 enhanced the rate of 2-HBP pro-
duction. Li et al. (16) looked at the effect of different sur-
factants on BDS of Pseudomonas delafieldii and showed
that Tween 80 and Span 80 had more efficiency than
the others. Therefore, we studied the effect of these
surfactants on alginate immobilized R. erythropolis R1
in comparison to other factors that affect BDS. Accord-
ing to the results shown in Figure 4, we concluded that
the micellar solution of Tween 80 and Span 80 reduced
the concentration of 2-HBP around the cells, which ac-
counts for the increase in the desulfurization activity.
In addition, Span 80 has a greater impact on BDS of DBT
as compared to Tween 80, which is probably because of
a greater reduction in the surface tension of the water
medium.

4.5. Biodesulfurization of Alginate Beads Con-
taining Cells Assembled With Nano Y-Al203
Cell surfaces are negatively charged while nano

Y-Al,O,is positively charged and therefore electronic
force leads to nano Y-Al,0;absorption on cell surfaces.
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Figure 5 shows the morphology of absorption on cells.
Absorption of Y-Al,O, nano particles on cell surfaces
leads to increasing consumption of DBT and produc-
tion of 2-HBP in alginate beads and also over aggrega-
tion of absorbents on cell leads to a decrease in cell ac-
tivity; a previous report (20) indicated that if particles
on a cell occupy more than 2/3 of the cell surface area,
this will have a negative impact on cell activity.

Zhang et al. (21) showed that both DBT consumption
rate and 2-HBP production rate in the coupling system
of Y-Al,0, nano particles are higher than that of the free
cell system and these particles are more efficient than
other absorbents such as active carbon. Zhang et al. (22)
used these nano particles on the surface of magnetic
immobilized cells and proved that this combination
leads to increase in BDS activity of immobilized cells.
Figure 6 shows the comparison between alginate beads
containing cells assembled with nano Y-Al,0, and con-
trol beads, and as it is illustrated, 2-HBP production by
beads including cells assembled with nano Y-Al,O; after
24 hours is two folds more than that of control beads,
therefore combination of nano Y-Al,0, and alginate
immobilized cells in BDS can be very effective. Increase
of BDS was because of specific surface area of nano
Y-Al, 0, and pore creation that causes more absorption
of DBT on cell surface and easy transfer into the cell.
Due to nano particles absorption, some of produced
2-HBP remain at the cell surface and cannot be released
completely in medium. In Figure 7, illustrates the BDS
rate of alginate beads including nano Y-Al,O,, Span 80
and Tween 80 compared to free cells. According to the
presented results, BDS rate of beads containing cells as-
sembled with nano Y-Al,0, after 12 hours was more than

that of free cells yet, final amount of 2-HBP production
after 48 h was less than those of the other conditions,
which was probably due to assembly of 2-HBP on the
surface of nano particles. The Gibb’s reagent only reacts
with aromatic hydroxyl groups and has no color reac-
tion with Y-AL,O; or surfactants without substrate (data
are not presented). It can only enhance the biodesulfur-
ization by more exposure of substrate to bacterial cells.

4.6. Viability Determination

The inner part of the cell is negatively charged, in com-
parison with the outer part of the cell. Membrane po-
tential plays a major role in various cellular processes
such as: active transport, ATP synthesis, etc. Voltage-sen-
sitive dyes have been developed to estimate membrane
potential in bacteria. Rhodamine 123 is a cationic dye,
which can accumulate in polarized cells. It can cross cy-
toplasmic membranes, but is only held inside the cells
that have a negative inside-membrane potential. Viable
bacteria also accumulate rhodamine 123, but non-viable
bacteria cannot do so (13). Under appropriate conditions,
the amount of bacteria that can accumulate rhodamine
123 quantitatively reflects the extent of their viability. As
illustrated by Figure 8 a, the viability of non-immobilized
cells is about 98%. By immobilization and after 20h of BDS
activity, the viability decreased to about 86% (Figure 8 b),
which is an acceptable value (only 12% reduction of viable
cells). It can be concluded that alginate immobilization
does not have a large influence on cell viability. Some of
the reduction in the value of viable cells may be due to re-
dissolving of beads and repeated centrifugation of cells
or storageat4°C.

Figure 1. Scanning Electron Microscopy of Surface (a) and a Section (b) of an Alginate Bead
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Figure 8. Viability of Alginate Immobilized R. erythropolis R1 by Flow Cytometry
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a. non-immobilized or free cells (positive control), b. immobilized cells after 20 hours of biodesulfurization. The M1 area shows dead cells, and viable

bacteria are in the M2 area.

5. Conclusion

Improvement of biodesulfurization rate of biocatalysts
is crucial for the industrialization of BDS technology in
the future and reduces the air contamination and harm-
ful effects of SO,, released from combustion of organic
sulfur from fossil fuels, on the human health. The BDS rate
can be improved by adding Span 80, layering the nano
Y-Al,0, on the cell surface of biocatalyst cells, decreasing
the alginate beads size, and optimizing the alginate con-
centration. These conditions may also be used for other
biocatalysts or other biotransformation processes.
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