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ABSTRACT

Rhodococcusruber SD3 mutant M 1 was a most compl etely degrade phenol
of 1.5 g/L for 72h when itsinoculation dosage ranged from 2% to 4%. The
suitable temperature for phenol-degradation ranged from 30°C to 35°C.
The optimum pH was from 7.0 to 8.0. The degradation of phenol occurs
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mainly inthelogarithm phase of growth. Cells of Rhodococcusruber SD3
mutant M1 was immobilized by using alginate calcium and polyvinyl
alcohol complex. The optimaof alginate sodium concentration, polyvinyl
al cohol concentration and bead size were 1%, 1% and 6mm, respectively.
Theimmobilized cellsdegrade over 98% of phenol (2.0 gL ™) for 72 hours
during five cycles use. These results paved aroad for the bioremediation

of wastewater containing phenol.

INTRODUCTION

Phenal isamainkind of pollutantsinindudtrid waste-
waters, whichisaraw material or anintermediatein
petroleum, paper and pharmaceutical industry. It has
severetoxicity toanimals, plantsand human®. In Ching,
phenol isput inthe priority pollutantsblacklist and the
permissi ble concentration of phenol in potablewater is
0.001 mg/L. Therefore, remova of phenol from indus-
trid effluentswith convenient, robust and cost effective
waysarousesgreet interest among researches. To date,
thereareanumber of physica, chemica andbiologica
methods which have devel oped to treat the phenol in
thewastewater. Compared with traditiond physica and
chemica methods, biodegradation isan environmen-
taly friendly and cost effectiveway?. Many researches
have been performed on the screening of microorgan-
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ismswithhighremovd efficiency of phenal. Severd phe-
nol-degrading mi croorganismssuch as Pseudomonas
putida, Bacillus brevis, Candida maltosa, Candida
tropicalisand Al caligenesfaecalisaretolerant of the
toxicity of the phenol at concentrationsabove 1000mg
L1371, Moreover, theefficiency of phenol degradation
canbeimproved by cdl immohilization. Somestranhave
been reported to be successfully immobilized onvarious
carried for enhancing phenol degradation®812,

To our knowledge, Rhodococcus genus such as
Rhodococcus erythropolis can degrade phenol with
high efficiency!®>19. However, therearefew reportson
the degradation of phenol with Rhodococcusruber. In
our previous study, Rhodococcusruber SD3 showed
high phenol-degrading capacity and the mutant M 1 of
Rhodococcusruber SD3 exhibited remarkable phe-
nol-degrading capacity!™. The objective of the paper
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isto study theoverd| performance of phenol- degrad-
ing with the mutant M 1 of Rhodococcus ruber SD3.
To achieveeevated performance of phenol-degrading,
the mutant was encapsulated in calcium alginate and
PVA complex. Reuse of theimmobilized cellsto de-
grade phenol was attempted to study the potential in
wastewater bio-remediation.

MATERIALSAND METHODS

Materialsand medium

Tryptone, yeast extract and agar were biological
reagents. All other chemicalswere of analytica grade
and were obtained from sinopharm chemical reagent
Co., Ltd. Minerd salt medium contained 1 g/L NaCly1
g/L NH,Cl§3 g/L MgSO,-7H,0¥1.5 g/L K,HPO, and
0.5g/L KH,PO, indistilled water.

Theeffectsof inoculation dosage of Rhodococcus
ruber SD3 mutant M 1 on phenol degradation

A loop of Rhodococcus ruber SD3 mutant M1
wasinnoculaedinto LB medium. Mutant M 1 wasgrown
at 35°Ctill OD,,, reached 0.8-1.0. Then cultureswith
different inocul ation dosage (1%, 2% and 4%) were
seeded intominerd salt medium containing phenal 1.5%.
Mutant M1 wasgrown at 35°C and 200 rpm. There-
sidua phenol content inthe medium was assayed with
the method of spectrophotometry after mutant M1 was
grown for 60h and 72h.

Theeffectsof growth temper atur e of Rhodococcus
ruber SD3 mutant M 1 on phenol degradation

To study the effects of growth temperature of
Rhodococcusruber SD3 mutant M 1 on phenol deg-
radation, the mutant was grown at different tempera-
ture (19°C, 22 °C,25°C, 28°C, 30°C, 33°C, 35°C)
and 200 rpm. Theresidual phenol content inthe me-
dium was assayed with the method of spectrophotom-
etry after the mutant wasgrown for 72h.

Theeffectsof initial pH of mineral salt medium on
phenol degradation

To study theeffectsof initid pH of mineral salt me-
dium on phenol degradation, mutant M1 wasgrownin
minera sat medium containing phenol 1.5% with vari-
ousinitial pH (5.5, 6.0,6.5,7.0, 7.5, 8.0, 8.5) at 35°C
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and 200 rpm. Theresidual phenol content inthe me-
dium was assayed with the method of spectrophotom-
etry after themutant wasgrown for 72h.

Thereationship between thegrowth of mutant M 1
and phenol degradation

Mutant M1 wasgrowninmineral salt medium (pH
7.5) containing phenol 1.5% at 35°C and 200 rpm. The
culturewaswithdrawn periodicaly for determining the
residua phenol content and optical dengity at 600nm.

Optimization of immabilization of Rhodococcus
ruber SD3 mutant M1 and reuse of the immobi-
lized cellsto degrade phenal

Alginatesodiumand polyvinyl dcohol weremixedin
digtilledwater and sterilized by autod aving. Rhodococcus
ruber SD3 mutant M 1 (10 g wet weight) was added to
10mL of thesolution @ove. Theresulting mixturewas
filledinto syringeand ingtilled into themixtureof boric
acid and cal cium chloride solution toformimmobilized
cells, then stored at 4°C for 24 h. The entrapped cells
werewashed with digtilled water and placed into to 50ml
minerd st medium containingphenol 1.5gL ™. Theim-
mobilized cdll wasincubatedin 35°C (200 rev min®) for
72h. Theresidud phenol wasanayzed accordingtothe
method of spectrophotometryt™.

Threeimmobilization parameterswere optimized
for phenol degradation. To determining the optimum
concentration of aginatesodium and polyvinyl acohol,
different concentrations (1%, 2%, 3% and 4%) of dgi-
nate sodium and different concentrations (1%, 2%, 4%
and 8%) of polyvinyl a cohol wereused. To determin-
ing the optimum bead size, the beadswith variousdi-
ameters(2mm, 4mm, 6mm and 8mm) were used.

After eechuse, theimmobilized cdllswas separated
from culture medium, rinsed threetimeswith distilled
water, and used for next cycle. Thestepswererepeated
fivetimes.

Analysisof phenol and calculation of phenol deg-
radation rate

Each of the 1 mL broth sampleswas centrifuged at
10,000 rpmfor 2min. The supernatant wasthen diluted
by 100 timesvolumewith water. Thediluted superna-
tant wasdistilled to obtain S0 mL of digtillates. 0.5mL
of 20% NH ,Cl inammoniabuffer solution, 1.0 mL of
8% potassium ferrocyanide solution, 1.0 mL of 2% 4-
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aminoantipyrinesolutionweremixed with 50mL of ditil-
lates. Themixturewasalowedto react for 10 minand
absorbancewas measured at 510 nmwith thedistilled
water asthecontrol™. Thephenol degradationratewas
cd culated according to thefollowing equation.

Phenol degradation rate (%) = (1-Phenol concentr ation af-
ter culture/Initial phenol concentration) x100%

Satistical analysis

Experimental datewere presented asmean=+ SD.
Statistical analysisWasperformed using SPSS11.5
software.
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RESULTSAND DISCUSSION

Theeffectsof inoculation dosage of Rhodococcus
ruber SD3 mutant M 1 on phenol degradation

Rhodococcusruber SD3 mutant M1 have shown

higher phenol degradation for 72h than for 60h asindi-

TABLE 1: Theeffectsof inoculation on phenol degradation
with Rhodococcusruber SD3

inoculation dosage 1% 2% 4%
phenol degradation rate for 60 h (%) 82.11 91.12 99.87
phenol degradation rate for 72h (%) 87.20 99.76 99.92

0
18 22 25

28 30 33

Temperature (°C)

Figurel: Theeffectsof temperatureon phenol degradation with Rhodococcusruber SD3

caedinTABLE 1. Thephenol degradationrateincreased
with theinocul ation dosage. Rhodococcusruber SD3
mutant M 1 completely degraded phenol (1.5g/L) for
72hwhenitsinoculation dosageranged from 2%to 4%.
Thestrain AKG2 requires 60 h to degrade 100% phe-
nol whenitsinitia concentrationis500 mg/L18.,

Theeffectsof growth temper atur e of Rhodococcus
ruber SD3 mutant M 1 on phenol degradation

The phenol degradation rate increased with the
growth temperature (Figure 1) and the optimum tem-
peraturefor phenol degradation ranged from 30°C to
35°C, with phenol degradation rate being over 99%.
Thiswasdueto the growth temperature affecting sta-
bility, enzymeactivity and thefluidity of cell membrane.

Theeffectsof initial pH of mineral salt medium on
phenol degradation

Phenol degradation by Rhodococcusruber SD3

mutant M 1 wasinhibited inacidic condition. The op-
timuminitial pH of mineral salt mediumwas7.5 and
phenol degradation rate was 99.72% (Figure 2). Or-
ganic acidswereformed during the degradation pro-
cessof phenal. If minera salt mediumwasdightly al-
kaline, it can neutralize organic acids. However, when
theinitial pH of mineral salt mediumreached 8.5, the
phenol degradation rate decreased to 18.49 %. The
reason for theresult wasthat further increaseininitia
pH gaveriseto the change of surface charge on cells.
Accordingly, theabsorption of phenol by cell was af-
fected. In astudy by Shourian et a., the optimum pH
value of phenol degradation by Pseudomonas sp.
SA01 wasfound to be 6.5,

Thereationship between thegrowth of mutant M 1
and phenol degradation

Phenol degradation rateincreased with thegrowth
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Figure2: Theeffectsof initial pH value on phenol degr adation with Rhodococcusruber SD3 mutant M 1
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Figure3: Therelationship between thegrowth of Rhodococcusruber SD3 mutant and phenol degradation
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of Rhodococcusruber SD3 mutant M 1. When mutant
M1 wasintheadaptation phase, phenol degradationrate
wasrdatively low. Phenol degradation ratewasinrapid
increased during thelogarithmic phase. Complete phe-
nol degradation was achieved when themutant reached
the stationary phase (Figure 3). While Pseudomonas
sp. SA01 started to degrade 0.7 g/l of phenol after an
initia very short lag phase, and phenol decomposition
wasthen rapidly completed within 30 h*9.,

Optimization of immabilization of Rhodococcus

ruber SD3 mutant M1 and repeated use of immo-
bilized Cellsin shaken flasks

Use of immobilized cellshas attracted consider-
ableandincreasing interest sincethisstrategy alows
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process economically viable. In this study, cells of
Rhodococcusruber SD3 mutant M 1 wasimmobilized
by using polymeric entrapment matrices (Alginatecal -
cium and polyvinyl alcohol complex) (Figure4). The
optimaof alginate sodium concentration, polyvinyl a-
cohol concentration and bead sizewere 1%, 1% and
6mm, respectively (datano shown).

Theimmobilized cellswererepeatedly used asthe
biocatalyst to degrade phenol in batch. Figure 5
showed that theimmobilized cells degrade over 98%
of phenol (2.0g L) for 72 hoursduring five cycles
use. Compared with freecells, theimmobilized cells
enhanced the biodegradation of phenol. Several tech-
nological approachesand anumber of materiashave
been used to immobilize microorganismsfor waste-
water depollutiont®829, To date, entrapment of viable
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biomasswaswiddy usedin cell immobilization. Cal-
cium aginate wasthe common immoabilization matrix
because of itslow price, s mpleimmobilization proce-
dure and no toxicity to the cel 9. However, calcium
alginatewasfragileand could easily be broken down
by microorganism. If PVA wasaddedinto calciuma-
ginatetoform complex, it will improvethe mechanica
and thermal stability of gel beadd®. Theresultsinthe
Figure5indicated thefeasibility and suitability of the
cell entrapped in the calcium aginateand PVA com-
plex for the phenol degradation. Insmilar studies, the
coated C. glutamicum cellswere capabl e of degrad-
ing 50 ppm phenol for 8d at 30°C and they could
compl etely degrade phenol during thefirst 2 cycles,
and retain 60% activity of phenol degradation for the
third and four cycles*?.

3 4 5

Frequency number of use

Figure5: Reuse of immobilized cellsto degradephenal
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