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KINETIC ANALYSISFOR BIODESULFURIZATION
OF DIBENZOTHIOPHENE USING R. rhodochrous
ADSORBED ON SILICA

ANALIZA KINETYKI BIODESULFURYZACJI DIBENZOTIOFENU
PRZY WYKORZYSTANIU JAKO ADSORBENTU R. rhodochrous
NA KRZEMIONCE

Abstract: Experimental biodesulfurization (BDS) data for efizothiophene (DBT) (1.0-7.0 mM) with
Rhodococcus rhodochorus immobilized by adsorption on silica, were adjusteith liquid-film kinetic model
(Fisher coefficientF = 592.74 and probability valye<< 0.05 and? = 0.97). Simulations predict the presence of
considerable amounts of DBT surrounding the padicivhich would be available for the cells adsorbedhe
surface of silica. The greatest percentage rem{®@l%) was obtained for adsorbed cell system ohler t
suspended bacterial cells (30 %), showing thatisslifibstrates are more bioavailable when the baktalls are
adsorbed on silica. The liquid-film modelling witliffusional effects provides proper theoreticalipde explain
the BDS performance obtained using adsorbed cells.
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I ntroduction

Biodesulfurization (BDS) emerged as an environnignfaendly technology able to
reduce contamination from fossil fuels, under npitdssures and temperatures [1]. Despite
numerous studies of this methodology [2-6], thecpss still presents several unresolved
difficulties, among them the high cost of biocasidy reactor design, separation of
agueous-organic phases and biocatalytic stabitity l&etime [7, 8]. However, the main
disadvantage of BDS process is the limited accétheomicroorganisms to the organic
substrates, due to the low bioavailability of suliompounds in the bacterial agueous
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medium [9]. In this context, immobilized bactergalls [10-14] and the use of surfactants
[15-17] constitute an improvement in the field adsdlfurization. BDS operation with

microbial cells immobilized either, onto the sudaof adsorbent material [13, 14] or
entrapped into a polymeric matrix [12, 18] has gdirspecial interest during the last
decade. In this context, several investigationsehbgen conducted to study different
materials and conditions of immobilization [19-23Jo respect we investigated [26] the
influence of inorganic supports in the BDS activitfygas oil using a batch systems and
a bioreactor packed [27]. However, traditional kinestudies of BDS reactions have
focused on suspended bacterial cells systems B8a8d few works have informed about
BDS kinetics using immobilized bacterial catalysistrapped into the polymeric matrix
[30, 31]. To our knowledge there are not studiekinétic analysis of systems involving

cells immobilized by adsorption on inorganic sugpofhis work proposes to apply basic
kinetic analysis as theoretical tool in the assesdgnof biodesulfurization (BDS) of

dibenzothiophene (DBT) using bacterial cells adedrton silica (Si) and suspended
bacterial cells.

Materials and methods

Bacterial strain, sulfur-containing organic molecules and material support

The bacterial straifRhodococcus rhodochrous IGTS8 (ATCC 53968) was grown in
sulfur-free Medium A contains 0.5 g KPGO,, 4.0 g KHPQ,, 1.0 g NHCI, 0.01 g NacCl,
002 g CaG,L 0.2 g MgC}6H0, 5-10° g ZnCh, 5-10° g MnCh-4H,0,
1-10° g NaMoQ- 4H,0, 0.5-10" g CuC}, 5-10* g NaWO, and 5-10° g FeC}-4H,0 in
1 dn? of deionized water, supplemented with sodium swdei (30 mM) and citrate
(0.1 % wiv) as energy and carbon sources, resgdetidBT (0.1 mM) (Merck) dissolved
in isooctane (IOA) was used as the only sulfur seuiThe culture was grown at 30 °C in
a rotary shaker at 250 rpm. Silica (Si) D11-10 BA8#h 80 nfg™ of specific area, was
used as an inorganic support and was sieved thraugésh to obtain particle sizes ranging
from 3.4-5.6 mm (3%2-6 mesh).

Cell immobilization by adsor ption

Cells were collected by centrifugation at 4000 g @n°C for 30 min. The obtained
pellets were suspended in 1-46nT of saline solution (0.85 % w/v NaCl). The numbefs
immobilized cells were adjusted by measuring thebitity at 600 nm (Olgyg) with
a Thermo spectrophotometer model Genesys 10S UV-®ie unit of optical density was
equal to 2.82-F0cells [4]. The bacterial suspended were combinéh @1 g of Si and
incubated at 30 °C in a rotary shaker at 200 rpn24oh.

Batch experiments

1-10° dn? of various solutions of DBT in IOA (1.0-7.0 mM) waplaced in
2.5-10% dn? flasks containing 1-16 dn? of Medium A with suspended or adsorbed
bacterial cells. The reaction was carried out 8@ a rotary shaker at 200 rpm. For each
initial DBT concentration the bacterial cells andsidual DBT concentration were
measured. The cultures were centrifuged and tuybidas measured at 600 nm (63F).
The DBT was extracted with ethyl acetate and amalyly gas chromatography using
a Shimadzu GC-2010 equipped with an SPB-5 capilhmn (length 30 m, inner
diameter 0.25 mm, film thickness 0.25 mm) and a &éfector.
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Statistical analysis

Experimental data were analyzed by ANOVA and FidleD tests. Each experiment
was repeated at least three times.

Results and discussion
Kinetic analysis of suspended bacterial cells

To analyze the BDS pattern in a suspended bacieglld system, the initial rate of
substrate consumption was determined by compulkiagstope of the DBT concentration
versus time along the linear range of variatione Thlues for this initial rate were plotted

against initial DBT concentration (Fig. 1) and sleoMa linear dependence with a first order
constant of 2.85- 18" h* cells™.
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Fig. 1. Initial rate versus initial DBT concentratiin suspended bacterial cells system. Data aenme
values of three independent assays. Error bars st®gstandard deviation

The dependence observed is attributed to the ptiopat increasing of the DBT
bioavailability for the cells adhere to the oil-watnterface, which may be able to obtain
DBT by "drinks from the oil" directlyf1]. No growth was observed during the BDS
experiments in the suspended bacterial cells systeenefore the removal of DBT was
carried out with constant biocatalyst amounts (eotmation ranging from 1.1-10to
1.5-18" cells dm?. Figure 2 show the data for BDS assays with dhfie initial DBT
concentrations. Cellular activity proceeded in ann&a reasonably predicted by first order
kinetics, reaching 30 % sulfur removal up to 9 hisTresult was unexpected since authors
have reported kinetic data in the context of BD&pss, however, previous repq&2, 33]
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used Michaelis-Menten kinetics for BDS data fittipgrposes, rather than obtaining it
experimentally. In contrast, the present work regubr the kinetic analysis of
R. rhodochorus on DBT as the result of the application of a sfieainethodological
procedure.
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Fig. 2. Comparison of variation in DBT concentratiwith reaction time for BDS reaction experiments,
in suspended bacterial cells system with differimitial DBT concentrations in bulk liquid
(DBT,) measured (A=1mVMX),B=3mM @), C=5mM @&) and D = 7 mM &)) and the
results of first order modelindg](). Data are mean values of three independent asSaygs bars
show the standard deviation

Kinetics of BDS using adsor bed-immobilized cells

In the BDS process using adsorbed cells, solidlytataparticles dispersed in the
reaction medium provide the surface on which thetrahsformation occurs. The mass
transfer of DBT across the static liquid-film swrnaling the particles is also carried out at
this bioactive liquid-solid interface. To take tlR¥BT mass transfer into account, the
kinetics were analyzed using a simple general mofleiocatalytic-particles under external
diffusion effectd34]. Under these conditions, the BDS process vessed out according
to:

DBT, _ _
-= = =h(DBT, - DBT) )

whereh - mass transfer coefficient of DBT through the idygolid interface [drh- H.
The subscripts are references to the presence @fiBBulk liquid (o) or adsorbed on the
particle surface (s). Assuming that substrate ftukalanced with its reactive conversion,
DBT mass balance at the reactive solid surface is:
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r=J=v (2)
where:r - velocity of DBT transformation] - mass flux of DBTy - microbial kinetics. If it
is assumed that immobilization on the particle atef does not modify the first-order
kinetic behavior of the adsorbed bacterial cellg,dny change in reactivity could affect the
first order constant, then DBT mass balance causkd to predict DBJaccording to:

DBT,=———° 3
ST ek ®3)
wherek;, - the first order kinetic constant of adsorbed cefquations (1) and (3) were
solved simultaneously for DBTand DBTs, leavingh andk;,, as parameters of the system
estimated by least squares data fitting. BDS assaysy adsorbedR. rhodochorus and

different initial DBT concentrations, and the capending modelling predictions are
presented in Figure 3.

a b
20 ) 4 )
E 154 3
c
L
s
€ 1.04
[}
o
5 "
8 1 :
= 054
)
a

0.0 T

2 4 6 8 10 12
c) Time [h]

10
s 4.
E 8
c
o
B 6
= a
8 B i
5 .

a | _

5 v
o 2.4 2

0 T T T T 0 T T T T T

2 4 6 8 10 12 2 4 6 8 10 12
Time [h] Time [h]

Fig. 3. Comparison of variation in DBT concentratigith reaction time for BDS reaction experiments,
in adsorbed bacterial cells system with differaitial DBT concentrations in bulk liquid (DB
(1A m™M (m), 3 mM (@), 5 mM (A) and 7 mM ¢&) and modelling predictiond](). The dashed
lines (---) correspond to DBT concentration in the film sumding the particle surface (DBTS).
Data are mean values of three independent assags biars show the standard deviation

The adjustment of the model to the experimenta é&ashown in Figure 41 = 0.97),
resulting in significant statistical results: Fishmefficient, F = 592.74 and probability
valuep << 0.05. Simulations predict the presence of carsidle amounts of DBT in the
static-fluid film surrounding of Si particles, whiavould be available for the adsorbed cells
on the surface of Si. DBT mass transfer would ttoeeenot be the rate-limiting step in the
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BDS process, confirming the general assumptiontibatbeen used in modeling the BDS
process with the bed-bioreactor [35].
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Fig. 4. Adjustment of DBJ measured concentration with predicted data forattheorbed bacterial cell
system. Error bars correspond to the standard titavia

Calculations based on the amount of cells in cantath Si particles, indicate that
1.11 - 18 cells were retained on the Si surface, which i¢dBwer than the bacterial cells
present in the BDS assay with suspended bactedlial @ his level of cell load was chosen
because it is close to the limit that can be inmitimsdl on Si through the electrostatic and
non-electrostatic interactions involved in adsathacterial attachment [26].

The DBT removal was ~50 % at 9 h, showing that biecatalyst with adsorbed
R. rhodochorus increased the BDS activity in comparison with siispended bacterial cells
system (Fig. 2). Likewise, the value of the firstrder kinetic constant was
3.90-10" h* cells®, which is one order of magnitude greater than dtatined with
suspended bacterial cells, and DBT mass transfefficent was 0.075 dih™. This
behavior can be explained by the increased interacf the biomodified support with the
organic phase, improving the bioavailability of tlsilfur substrates and therefore
increasing the BDS activity of DBT, as it was olveerin our previous repoig6, 36].

Conclusions

R. rhodochrous adsorbed on silica particles improves the BDS Bff@ompared with
suspended bacterial cells performance. Liquid fimadel showed satisfactory fit to the
experimental data. Also, the modeling revealedfélotors that can explain the better BDS
results obtained with adsorbed cells such as tfisiant DBT amounts surrounding the
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catalytic particles that increase the bioavailapiif sulfur compounds.
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