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ABSTRACT

‘ The cellsof ]
glginate beads OF adso
lized bY adsorption on ce
and siran particles as a r¢
imes more than
calcium alginate immo

ocally isolated, pllcnol-degrading Providencia rettgeri strai . - .
rption on .silicalc so]id_suppoﬂs; celite R-634 anzc,l sinlt::;g ;I,::i lrlil:;‘ :Z}:ﬁ%‘ l2{];1therhcntrapmcn_t withip
lite and siran showed high phenol degradation activity but phenol corrosion e'ff'ccl Slérg I.:e cells 1.mobl-
!ease of !'mg pqwdery particles to the degration medium. The immobilized cells ds o ;egved ot cclﬂf
free cells in synthetic liquid medium containing phenol as sole carbon and energy source ~'I‘hcggrla ; phenol by 3
bilized P. rettgeri cells degraded and utilized phenol as carbon and energy source in é)’mhc\{ilca] Icqt:1 ;slﬁg;:u:

u to 5 gL The cells immobilized with 3% w/v alginate showed the highest rate of phenol degradation and utilization and the

oplimim phenol
{he degradation me
an incubation period 6 days.

degradation and utilization was shown with an inoculum size either witl :
. . , 1 beads seeded with 2.6 x 10° cell
dium loaded with 15 g sceded aglinate beads per 50 ml synthetic liquid medium in shakn cultures at 33:’(‘2‘11_?);

INTRODUCTION

There is growing interest in biotransformation
of environmental pollutants and in degradative strains
because biodegradtaion provides the possibility to re-
move toxic compounds from contaminated site and

water by biological methods®*,

In spite of the toxicity and carcinogenicity of
pheno] and the potential for environmental contamina-
lion Quc to its-scale production, yet there is little avail-
able information concerning its presence and persis-
tence in the environment. Phenolic compounds are im-
ﬁ:mam plant constituen(s”, and phenol is formed by
co:n actmty’of mxcrporganisms from verious natural

pounds like tyrosine or synthetic products®.

e fcai?l;ielirlal a}Ierppts were carricd out to determine
contining ?(1 of biological treatment for wastewater
i andp ;nol fand phenolic compounds. Although
and inhibnor’; el;ollg compoux}ds arc toxic pollutants
like Poeugy 0 ‘(gxodegradanon; yet bacterial isolates
degradation af:im . Alcaligenes'®, that are capable of
e cabon op dgrowth in presence of phenol as their
vaidema e energy s?ource have been isolated.
. grow e ne of bacterial isolates that can degrade
 rovidenciq - pbenol concentration up to 1.5 mg/ml.
and differeny f § isolated from phenol-rich wastewater
actors were studied”,

The j o
for the (rcal?rﬁl(;t:mzc‘i cells offer several advantages
¢ nglyde of processing and waste streams.
Protection of € retention of catalytic activity, the
Sates, o, ;Cllrs from the effects ofinhibitory, sub-
lhrt‘)ugh Tetentig ¢ efficient substrate mineralization
Wi goa) for gy LLCTmediatory products®”, The
lr:"m,b“i?mion o rlns :‘mdy was :- (i) to test the effect of
lec‘;wffenc,-a St the activity of a phenol-degrading
hnique ik v (i) develop an immobilization
! Would maintain the activity of phenol-

also added after sterilization as

degrading Providencia strain, and (iii) maintain the
long-term survive cells under toxic concentrations of
phenol.

MATERIAL AND METHODS
Microorganism:

Locally isolated phenol-degrading Providencia
rettgeri strain™ that exhibited high phenol degradation
activity was uscd in this study.

Medium:

Synthetic-Liquid (SL) medium: was used according to
Ehrbardt & Rhem®:; consists of (per liter): NH,NOs 1.0
0.01g and trace elements 1.0 ml Trace element (freshly
prepared) consists of: MgCl, 4H,0 0.79g; CuSO;4 5H,O
0.64 g, ZnSO, 7TH,00.15 gand FeS0Q, 7 H,00.11gin
100 mi distilled water. The final pH of the medium was

adjusted to 6.9 by sodium hydroxide.

Synthetic-Solid (SS) medium : 2% w/v agar was

added before sterilization 10 S medium. Fhenol was
a sole carbon and en-

ergy source.

Preculture:

The preculture of Providencia retigeri was car-
ried out by growing the cells at 30°C with shaking (50
rpm) in SL medium supplemented with 0.5 gm/L phe-
nol as sole carbon and energy source. After phenol con-
sumption, ccultured in SS medium

the cells were o .
(slant agar) with 0.5 mg/L phenol and incubated at
30°C for at least 1WO

days. Then the cell§ were har-
vested by sterile distilled water. For immobi}mtmn, the
cells titre in the cell suspension was adjusted to ap-
proximately 1.7x10° cel.ls/ml from phenol degrading
Providencia retigeri Strain.
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4 obtained from
purificd powdpr
Germany. Celite
Manville Crop-
siran) ‘were pro-
r chemicals

ST H ;‘_’: ]
"“““';,:“.‘c white erystals oF phenol ¥

Jessem, pelgium. Sodium alginate a5

; yplied from b 2
was Supp was supplied from

. articles :

nver, USA, sit .
?ificd from Schotl, Mainz, Germany- Othe

used analytical reagent grade.

Tmmobilization techniques: | |
in calcium alginate peads: sodium algi-

(3 g)was dissolved in 98 ml hot distilled

gnetic stirrer. The viscous
solution was sterilized by autoclaving at 110°C t.”or 10
a0 A measured volume 2 ml)of the previously
prepared preculture of phcnol-degrading P re!{ger: was
mixed well with the previously sterilized sodium algi-

tained suspension Was extruded

nate solution. The ob : )
dropwise through @ narrow glass tube into 2% wiv

sterilized calcium chloride solution, using a peristaltic
pump (Watson - Marlow limited, Falmouth, England),
to form beads about 15-2.0 mm in diameter. The
formed calcium alginate beads were held in calcium
chloride solution for a gelation period of about 1 hr.
Afler filtering and washing {he beads on a,sterile
Buchner’s funnel, the alginate beads were used 10 in-
oculate the degradation and growth medium. o

Entrapment
pate powder
water with

min

Adsorption on Celite R- 634 and sintered glasss
rings (Siran): -

. Celite R-634 was washed out and sterilized in
hot air oven at 200°C for 6 hrs. Wet sintered glass

rings were autoclaved at 121°C for 30 min?. A meas-
ured volume (300 ml) of the previously prepared pre-
culture o.f phenol-degrading P. reftgeri was added to 75
gm of cither celitc R-634 particles or sintered glass
ings. The mixture was gently shaken for a contact pe-
riod of 110 minutes. After this period, the liquid super-
natant was decanted, and the solid supports loaded with

phenol-degradin oo .
dium. grading cclls were added to the culture me-

rcngerflig:{? clcnil;oweg the rate of adsorption of P,

. | and siran particles. Th ity of
m lite . The quan

1h::m$111111c2c§ _émcrobxal _cclls atlached to theqsurfgz gi‘

ke 113:1 and siran was dependent on the im-

i e r(;.sptg?: labcut 80 and 90 minutes for
/cly, an adsorption balan

cC was

reached between {;
ree and immobili
10 sharp decrease in the Q.0 °§;‘;de cells as there is

natants. The load
e
culture medium, d supports was th

-adsorbed super-
en added to the

Preparation of inoculum;
About 125 ¢ f
. : S g from ej i i
ds or celite R-634 or siranlll:;:;ecalcmm e

Wwere used (o inoculate aboyt 50 ml SLd Y rellggrd

ing phe i i
& phenol as sole carbon ang energy redium contain-
Y source.

Phenol assay:

Residual phenol was colorimery:

~
Vad
e

o o m e
pllGﬂOl-COnlammg Sample was mL‘(e;as‘:l-lrzld’ 10 *J o
03,

29 (w/v) 4-aminoantipyine, 1.0 m] 30
hydroxide, and 1.0 mlof 2% (wiv) pgtfaz:] ammm:
Sl

»

nide. The resulted red colour was me&um xm:“
spectrophotometer at hmex = 341nm, Sured i g

RESULTS
Phenol Degradation by Immobilized P. retgey;
: i el

o

In a 250 ml Erlenmyer flask i
from each washed seeded al daba m 25
634 or siran was inoculated to 50 ml SL medium g
aining 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 12.152n8 71
mg/m! phenol. Each concentration was c'an.{g :{_lf
triplicate and all flasks were incubated with 5:;,-
(50 rpm), at 30°C for 6 days. About a 1.0 ml semts
was withdrawn daily and diluted (up to 100 timss), ._;1:
the residual phenol was measured spectrophotometr-
cally according to Martin®?.

2]

It was noticed that, during incubation period 5
days), cultures with 0.1, 0.2, 0.6 and 0.8 mg/mi we
completcly degraded after the elapse of (2-4) daysdf
incubation (table 1). At higher concentrations, 1.0. 1.2
1.5 and 2.0 mg/ml, there wasa residual phenol in
medium as show in the results except in the cassdf
cells immobilized by adsorption on solid SIPP
(celite and siran) which showed complete degradticn of
1.0 mg/ml phenol. In addition, there is more than 8%
80 and 70% of phenol were degraded at concentraie:s
1.2, 1.5, and 2.0 mg/ml in cells immobilized i
alginate beads or by adsorption on celite and ﬂ"—»
However, the residual phenol which Was cnlr-‘:?.-_::
within the alginate beads or adsorbed on SRR o
particles were not determined except 3 entri.'-‘}‘;:
within alginate beads, The beads were d‘s_s"h:i,'.;
about 50 ml phosphate buffer. pH 70, m_m e
heating and constant stirring, till 10 bea‘ijf o
served in the solution. The residual undes mthf *. 8
concentrations were 0.03, 0.10.%- > s
the end of the incubation P¢€
medium with 1.0, 1.2, 1.5 and 2.
spectively, but in SL medium with

tions, phenol was degraded completely: .
d P e

. : g O\\:\ -
Moreover, siran and celite sb nceat
2000

rosion effects, especially al high P","“O_‘ from siral &
which led to the release of fine qumc ;wjium W
celite and powdery appearat ¢ etnt cless®
served. Consequently, it Was (110}1:—7*“ [ clxd:‘--“ ared”
fine particle led toan increase 1t m‘;c'p;;lsd e "
might have adsorbed phenol fmd 2 ot
phenol molecules that were avatk ble

i
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Fig. 1. Time course adsorption of P. retfgeri cells on the solid
supports; sintered glass rings (Siran) and Celite R-634.
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“Residual phenol in shaked cultures of P. rettgeri immobilized in
calcium alginate beads seeded with different cell densities.
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Fig. 3. Residual phenol in shaked cultures of P. retfgeri immobilized in
beads of different calcium alginate concentrations.
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<ame time, the release of such fine parti-
e arca of immobilization and the im-
released to the medium and they
cc instead of immobilized. Also il_ might also
b retabolism of phenol and nutrients by the
it T ncclls These are the reasons that pushed in
ablchc im.mobilizalion by adsorption onto celite
ore studies.

degradation activity as well as the
cells

At the
he
) ;uTcdcdt
hisbilifcd cells were
md -

v

degrad
{0 a\‘Oid i
gnd siran from M
ination of .
zzin:;:cemraﬁon. of ph?nol on P. retigeri
;mmobilized in calcium alginate beads:

In previous studies”, it was shown that the toxic
concentration of phenol on P. retigeri was, 1.5 m.g/ml,
2 maximum activity was at 1.0 mg/ml apd an opumum
acticity was at 0.8 mg/ml. In this experiment, different
high concentrations of phenol were added as Farbon
and energy source to SL medium for determining the
maximum, and optimum activities, and toxic concen-
iration of phenol on P. retigeri cells.

The phenol concentrations 1.5, 2.0, 3.0,4.0,5.0,
and 6.0 mg/ml were added to 50 ml SL medium in 250
ml Frlenmyer flasks. All flasks were shaken (50 rpm)
and incubated at 30°C for 6 days. About 1 ml sample
was withdrown daily for determining the residual phe-
nol and consequentely the rate of phenol degradation
for every concentration. Each phenol concentration was
carried out in triplicate and the net result represents the
mean. Table (2) representing the residual phenol that
was undergraded and nol utilized by P. rettgeri at the
end of incubation period. From the table, it is clear that
the toxic concentration was 6.0 mg/mL (6 g/L) phenol
and the maximum activity of phenol degradation by
“’q’f‘“m alginate immobilized cells of P. retigeri was 5
&h - While the optimum activity was obtained at 3 g /L
fmf"?l This was confirmed by the values of viable
b.ag; :x};i o?smal vxzéble cells imbedded in the alginate
solution while t}:: 10 Eells/ml in about 100 ml alginate
16 x 10" cells/e flnammum viable count obtained was
Moreover. (he vi";ﬂ at concentration 3.0g/L phenol.
pheno] 'A',hich coz 'e count at concentration 50g/L
tivity sidered the maximum degrading ac-

¥ of phenol was 2.4 x 10'2 .
Phenol concentration ¢ cells/ml and at the toxic
ration, 6.0 g /L was 2.0 x 10% cells/ml .

limumTc]:,fccf,'g"'-ﬁcs that, the 3.0 g/L phenol is the op-
Peligeri can efl]r_ﬂlfon, that the immobilized cells of 7.
2000 ang enerer . Gc8rade and utilize it as sole
pheno] e 8Y source in SL medium, while 5.0 g/L

Niration, representing the maximum deg-

Tadation activ:
S actvity . X
Mobilizeq Cclls} of P. retigeri calcium alginate im-

Eff,
€t of the cell-densiy

of S5 The celig of p

a 30”"‘1cd|um containj

_ for 48 1y The
water, the o
or dilytig

e ns
inate e

SUspeng; s beads

¥ within the alginate beads:

retigeri were cultured on slants
ng 100 pg/ml phenol, incubated
cells were harvested with sterile
btained cell-suspension was sib-
Abc used as inoculum for seeding
\ Was adgeq bOlit 2.0 ml from each cell-

) 16 98 ml sodium alginate solu-

uon,. mixed-well and then extruded thr i
staltic pump to 2% w/v calcium ch]on?cg?o;gfig;?c;
form ‘sccdcd alginate beads. About 12.5 g seeded beads
were inoculated to 50 ml SL medium containing 3 g/L
phenol, and all cultures were incubated with shaking
(50 rpm) at 30°C for 6 days. Figure 2, shows the re?
sults, the optimum cell suspensin for phenol degrada-
tion was 2.6 x 10° cells/ml (A = 0.6) that showed the
lowest residual phenol in the medium at the end of in-
cubation period and the maximum degradation activity
then 3.1 x 10° cells/ml (A = 0.4) then 1.3 x 10° (A =
0.3). Inoculation with higher cell number than 2.6 x
10% cells/ml, showed low degradation activity and less
phenol utilization as carbon and energy source.

Effect of the alginate concentration:

The cells of P. retigeri were cultured in SS
medium slants, then harvested and the absorbance was
adjusted to A = 0.6 at s« = 541 nm with viable count
of 2.6 x 10® cells/ml. About 2.0 ml cell suspension was
added to 98 ml solution of 1.3%, 3%, 5% and 7% (w/v)
sodium alginate. Each flask containing 50 ml SL me-
dium with 3 g /L phenol as sole carbon and energy
source, was inoculated by 12.5 g alginate beads of each
alginate concentration. Each alginate concentration was
inoculated in triplicate and the net results respresent
the mean. All flasks were incubated at 30°C with
shaking (50 rpm) for 6 days. Figure (3), shows that the
most appropriate alginate concentration was 3% w/v, it
showed the maximum phenol degradation and utiliza-
tion under the sited conditions followed by 2% wiv
alginate. While lower and higher alginate concentra-
tions showed little degradation and less phenol utiliza-
tion activity by immobilized P. retigeri cells. It was
also observed that 1.5% alginate solution resulted in
soft beads which moderately dissoluted in the degrada-
tion medium. These might affect the degradation and
utilization activity of the immobilized cells.

Effect of the amount of alginate beads:

The cell suspension of P. retigeri of viable count
26 x 10° cell/ml (A = 0.6) was immobilized within 3%
w/v alginate beads. Different amounts of seeded algi-
nate beads, 5, 10, 12.5,15 and 20 gm were inoculated
to 50 mi SL medium containing 3 g/L phenol as carbon
and energy source. The cultures were shaken (50 rpm)
/at 30°C for 6 days. Figure (4) shows that the n}ost
suitable alginate amount was 15 g/50 ml SL mednfm
which represented 1/3 of medium followed by 12.3 8
and the lowest degradtiation rate was 5 g followed by

20 g beads inoculum size.
DISCUSSION
ells of P. rettgeri like other bac-

teria as Psudomonas and Alcalignes befon:: be%ng in3-
mobilized, were subjected to a major disruption in their
physical and nutritional environments at a ime when

they were most efficient in degrading the desired toxic

compounds.

The grown C
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; g 2t P. retigeri immobilized in 39, (why)
dation activity of :
Table 1.l P hc‘n (lllg(ijﬁstr: beads, and adsorbed on celite R-634 and sran after
A Un « « ) ] 7
icxjcfnlbalion at 30°C with shaking for 6 days.

Immmogi::;‘;“on i:hselilﬁzgi?ﬁ;\ Residual phenol (mg/ml) / time (dav)
(me/mb) 1 2 3 4 5 6
0.1 0.01 0 0 0 0 0
Eotraped. ' 002{ 0 0 0 o g
within calcium 0.2 4
, 0.4 0.01 0 0 0 0 0
alginate beads i a2 | 0.1 0 0 0 0
08 027102 013 01 o0 g
1.02 05103 021 018 0.10 005
12b 0441032 022 019 015 011
1.5¢ 0591047 044 038 029 02
2.0d 0721069 057 05 04 03]
0.1 003] 0 0 0 0 0
Adsorbed 0.2 011} 0 0 0 0 0
on celite 0.4 0.14 0 0 0 0 0
R-634 0.6 021 [ 0.13 0.08 0 0 0
0.8 0.19 1 0.17 006 o 0 0
1.0 0311021 015 009 ¢ 0
1.2 0.69 1052 035 033 021 0.16
1.5 0771059 048 044 035 0.26
2.0 13 1081 068 063 052 0.5
0.1 0 0 0 0 0 0
0.2 0 0 0 0 0 0
0.4 0 0 0 0 0 0
Adsorbed 0.6 025 o 0 0 0 0
on siran 0.8 027 10.15 009 o 0 0
1.0 0321028 0.17 0.13 0 0
1.2 046 |1 042 03 026 02 0.1
L5 063 1052 041 032 0.25 0.18
2.0 0811072 062 o 4 036 025
2 b, ¢, and d represent the residual undegraded phenol inside the
(mg/ml) respectively af the end of j

) - Xic concentraion of phenol on the de-
gredauOn‘acuVuy and growth of P. retrgey; immobilized in 3%
(wlv) calcium alginage beads,
Pheng) [ Reaio—— .
coneentratiop Residua] phenol (mg/ml)/time (day)
. ;nl 1 3 4 5 6
- \\h = 5
oy 992 065 gag 033 010 0.10
AT L1009 070 050 020 020
o §.40 180 070 05 010 o010
50 T 260 139 g5 0.49  0.30
6.0 5‘;8 2.70 122 0.66 040 0.40
1S 29 580 580 570 557

57
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11::, B35
Vol
iIs of P. rettgeri Were able to degrade and
The ¢€ '

1.5 in batch cultures, 'wlulc
oV in pl};nzij uciuswpoceilgs a higher potgntml for
e immoD! lfjation and utilization by about 3 times; up

ra pown in fable 2, more than free c§lls.
o3 gl 20 henol concentration in the medium
) I Igflypwhen the immobilized microorganisrp
jecreased € ing, mostly after 2-4 days incubation. This
sared grgwe tc,) the phenol is the only carbon'and en-
might be uin the medium, and the cells of P. refigeri
;;gsyus;u;cciiviw to degrade or transform it 10 the most

available degradable and utilizable form.

This study indicates also a high affinity of some
porous silicate supports like celite R-634 and siran to
the cells of P. retigeri. The favourable adsorption ca-
pacity of siran could be attributed to the large mean
pore diameter of this support along with it porosity
compared with the type of celite used. Siran is charac-
lerized by double pore structure which is determined by
micro- and macropores. This structure may help in the
adsorption of different microorganisms™*'¥. A disad-
vantage of using these supports is the week electrostatic
interaction between the solid particles and the adsorbed
celis™. This led to desorption of the cells from sup-
poris to outgrow. In  this work, the residual phenol in
the cultures of P. rettgeri adsorbed on celite and siran
s low as indicated in table 1. This might be due di-

weclly to the degradation and utilization activity of the

adsorbed cells or mostly due indirectly to the adsorption
of phenol molecules

‘ to the surface of solid supports,
especially  phenol corrosion effect on such silicate solid
SUPPOMs was observed. This corrosion effect might

have increaseq l i
ie phenol adsorption surf:
il rption surface area and

through g degradation activity of the adsorbed cells
ing tl%e ‘E;’“pnon of bacterial metabolism and decreas-

enol molecules as well .
tors 'thal should well as other growth fac

Moilze g be available to be degraded by the im-

The
bacterig) “pproach of the

cel A
el magriy ]‘Sﬁcl?“ be used convenienly to entrap cells in
ity"e1n 10Ul perturbing the later desirable activ-

- The
degr_adjng sl;:ifﬁr%feﬂtrapmcm of cells of the phenol

U algingrs the locally isolated P. retigeri in
o Wwas chosen, Alginate concentration

. ¢ i - y
Mobilizeg ccus;()&re ilze h‘md S0 the activity of the im-

' n 3% . igh alginate concentrations
Were form, > “Omparable smaller pore-sized beads
s 1nsiéc 1hls led mainly (o retardation of growth
transey Droblen « . 2% @ well as increased the mass
: M Within {he biological system,
Qregy;,
:°Cr 'e :;l 1‘:;? formed beads were firm enough to
o the XYBen moj Llity of phenol and nutrients as well
tells. Fq algi Srecules to be utilized by the entrapped
: Inﬁcha“kta] st r;?t? Concentration lower than 3%, the
- sl Im.y of the calcium alginate beads was

“in situ growth” from

" 10. El-Sayed, AHM.

The optimization of immobilizatio iti
was further continued through changing t}r:eci(i\r;dclsliﬁ
size by two strategies. The first Strategy based on using
ﬁxeq ~amount  of support loaded with different cel]
densities. The second strategy based on using different
amounts of calcium alginate beads With fixed cell
density in a fixed degradation and growth miedium The
optimum inoculum size was alginate amount of 15 pm
per 50 ml medium. Each gram (milliliter) calcium
alginate beads should contain about 2.6 x 10° cells, An
increase or decrease in the optimum inoculum size led

to a decrease in the degradation activity of the immibi-
lized biocatalyst.

Generally, a balance between the availability of
the substrate and the degradation activity of . retigeri
cells should have occured. A large inoculum size may
lead to insufficiency of the available nutrients to induce
cell growth and consequently formation of weak cells
that exhibited weak degradation activity. On the other
hand, too small inoculum size may induce a non-
restricted bacterial growth as a result of still available
nutrients. Thus, the presence of still undergraded and
non-utilized phenol might by due to depletion of other
nutrients like nitrogen and minerals from degradation
medium.
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