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ABSTRACT

Phanerochaete chrysosporium, the white rot fungus is widely used in
decolorization studies. The fungus was immobilized by entrapment tech-
nigue using calcium alginate beads. Various factors that affect the decol-
orization on immobilization of the fungus were studied. The parameters
include the reaction condition, size of theimmobilized bead, pH and tem-
perature. It was observed that the immobilized beads of size 1mm were
found to be most effective for decolorization. The optimum pH and tem-
perature was found to be 4.5 and 37°C respectively. The apparent activity
was found to be 25.6U/g of beads. Along with these Kinetics parameters
of the Michaele’s - menten model, K andV _ were estimated. On study
with operational parameters, the immobilized cells showed a high opera-
tional stability by retaining almost 45 % of theinitial activity after fourth
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INTRODUCTION

Theapplication of microorganismsinthetreatment
of effluentsispotentially very interesting. It hasbeen
reported that Phenerochaete chrysosporiumisahighly
utilized organismin thetreatment of variousdyes?. This
isduetotheversatile ability of thefungusto degrade,
partially or completely various dyes such as heterocy-
clic, azo, anthraguinone, vat and polymeric dyes?®l.
P.chrysosporiumdisplayed color reduction abilitiesfor
al such dyesincluding the dyesusedin newsprint, writ-
ing and printing paper industries®. Recently theappli-
cation of immobilized cellshasbeenreceivingincreas-

ing attention in thefiel d of wastewater decol orization.
Many researchers have studied the effect of immobi-
lized whole cellsand enzymes on decol orization char-
acterigticssnceimmobilization providesdistinet stabil-
ity over freecellg37.

Though the studiesinvolved in the decol orization
and degradation iswide, the studies on the use of the
microorganisminimmobilized formareminimal. For
continuousdecol orization of theeffluentsimmobilized
P.chrysosopriumwould offer several advantageslike
easy operation, repeated use of theimmobilized prod-
uct, providing opportunitiesfor scaing-upand dlowing
the development of processes based different reactor
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configurations. A widevariety of carriershave been
used for immobilization procedures. However, other
binding techniquesinvolvechemica modification of the
cdls. Itispreferablethat the method employed for im-
mobilization of cellsshould causeaslittletraumato the
cellsasfar aspossible. Entrapment of thewholecells
fulfillsthiscriterion.

Theadvantage of wholecdl immobilizationisthat
many other enzymesthat are activeinthewhole cdll
might also takepart in the conversion and leadsto bet-
ter decolorization.Hence, in the present study an at-
tempt was madeto immobilizewholecellsby entrap-
ment, asentrapping method leadsto immobilized bio-
catalyst with high retention of specific activity.

Natura polymerssuch asaginate, chitosan, chitin
and cdllulosicderivatives have been mostly used asthe
matrix for theimmobilization of microbia cellsviathe
entrapment technique. Among themany matricesavail-
able, one of the most frequently used is entrapment
within porousmétrices, such asdginateoftenintheform
of beads. Thissort of systemisreasonably safe, smple
and cheap offering good mechanica strength.

The present study deal swith theimmobilization of
whole cells of P.Chrysosoporium by entrapment in
calcium alginate beads. The conditions of entrapment
like concentration of sodium dginateand bead Szewere
optimized for highest apparent activity. Thekineticsof
theimmobilized cellsentrapped in different bead size
was analyzed. The process parameters, pH and tem-
perature, affecting the performance of theimmoilized
cdlswereoptimized. Lastly, thecatdytic propertiesand
reusability of theimmobilized cellswered so studied.

MATERIALSAND METHODS

1. Materialsand methods
Microorganism

Thewhite-rot fungus P.chrysosporiumMTCC 787
was obtained from the Culture collection of Ingtitute of
Microbid Technology, Chandigarh, Indiaand the stock
culturesweremaintai ned by periodic subcultureon malt
agar medium at 4°C.

I noculum
ThefungusP.chrysosporiumwasinoculated onmat

agar (20.0g/1, 2.0g/l peptone, 10.0g/l agar) and incu-
bated at 35°C until extensive mycdliagrowth occurred.
Theliquid medium® used to study thefungal biomass
and decol orization test is D-glucose 5.0g/l; KH,PO,
2.0g/l; NH,CL 0.050g¢/L; MgSO,.7H,O 0.5¢/I;
CaCl,.2H,0 0.1g/l; Thiamine HCI 100ug; Distilled
water 1I; Thefind pH of themediumwasmaintained at
pH 4.5.

Chemicalsand dye

Commercia dyebdongingtotheBasicgroup, Ba-
sicgreen was used. Sodium aginate, calcium chloride
and soluble starch were obtained from EMerck; dl the
other chemicalsused wereof andytical grade.

Decolorization deter mination

After harvesting mycdliumfromtheliquid cultures,
decol orization of thefiltered broth was assessed spec-
trophotometrically by measuring absorbancewith re-
spect to the dye. The concentration of thedyeinthe
sampleswasdeterminedinaUV/V1S Shimadzu Spec-
trophotometer model U 2000 which wasmeasured at
regular interval swhich took placefor aperiod of maxi-
mum 200 hours. Decol orizing activity was cal cul ated
using standard curves and expressed interms of per-
centage. Decol ori zationisdetermined by monitoring the
decreasein absorbance at the absorbance maximum of
455 for thedye . [¥. Theexperimentswere carried
out intriplicatesand averaged for better results. Con-
trol experiment for each testswere carried out using
uninocul ated mediumwith dyeaddition.

Immobilization

P.chrysosporiumwere grown into the stationary
phaseinmat agar dants. Spore suspension of 1ml (ap-
proximately 3.2x10°cell9ml) was added to 2% sodium
aginate. The mixturewasgently stirred at room tem-
peratureto produce auniform suspension. Different
nozzleswereused to form beadsof different Szesusing
pastuer pipettes. The beads so obtained werestoredin
calcium chloride solution at 4°C for 2 hoursto com-
pletege formation*?. The calcium a ginate beads con-
taining the cdlswerethoroughly washed with distilled
water. Theinsoluble and stableimmobilized beadsthus
obtained werefurther used for decolorization studies.
For experimentswith free cellsthesameamount of cells
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Variationin sodium aginatewasmadein order to
find theeffect of the polymer. Herethe concentration of
the spore suspens on was constant whereasthe sodium
aginate concentration wasvaried from 1to 6 gramsin
100ml of water.

Deter mination of immobilization efficiency

Immobilization efficiency wasdetermined fromthe
differencein decol orization percentageinthe solution
beforeand after theimmobilization.

Immobilization yield (%)= (I/ A-B)x100
WhereA=added cells/gram of bead; B=unbound cells/gram
of bead; |=immobilized cellg'gram of bead

Scanning electr on micr oscopy

Samplesof thefree calcium aginate and immobi-
lized P.chrysosporiumwereana yzed to study the uni-
form growth of the fungus onto the beads. A fixative
solution of 6% glutaral dehydewasaddedtothe sample
kept in Petri plate on acover dip and allowed for fixa:
tionfor an hour. Fixed sampleswere then washed with
0.1M phosphate buffer for 2 hoursand then dehydrated
with aseriesof ascending concentrations of ethanol in
distilled water(50, 70 and 95%). A dehydration time of
15 minuteswasdlowed for the samples. Carewastaken
to ensure that the volume of the solution used was at
|east ten times the volume of the sample. The dehy-
drated sampleswerethen dried to critica point with
liquid CO,, mounted onameta holder with conductive
carbon paint, sputter coated with gold prior to viewing,
and photogragphed usingascanning  ectron microscope
(JEOL JSM 5300).

Onstudiesusing SEM, theamount of thefungusin
the support wasmeasured to be0.201g/bead. Thiswas
determined at theend of thefivedayscultivation period
and nofunga biomassincreasewasobserved after this
period.

Optimization of curing time of calcium alginate
beads

Thecadciumaginate beadswere curedin 2%(w/v)
cacium chloridesolutionfor different timeinterva sof
30, 60, 90, 120, 150 and 180min. After curing, the
beads were washed thoroughly with distilled water,
wiped dry and their hardness was measured using a
Texture- andyzer (Stevens-LFRA), L6512. The hard-
nesswas measured for 25beads one by one and aver-
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aged. The hardness of the beads was expressed asthe
load(g force) that the beads could withstand for
Imilimeter compression.

Deter mination of kinetic constants

Kinetic studieswere carried out at 37°Cand at pH
4.5for different substrate concentrations. Thekinetic
constantsK_andV __ were caculated according to
Lineweaver-Burk plot. For thisrate parameterswere
estimated experimentdly fromtheinitid rateof thede-
colorization process. A plot of 1/V vs. 1/Syieldsalin-
ear linewithaslopeof K /V__ andanintercept of 1/
Vv

meX.

Sudy on oper ational stability

Thecdciumaginatebeadscontaningthece Iswere
thoroughly washed with distilled weater after sngleuse.
Theinsolubleand stableimmobilized beadsthus ob-
tained werefurther used for next set of decol orization
sudies. Thestudy wasthuscarried out further fivetimes.
The pH and temperature was maintained at 4.5 and
37°C.

RESULTSAND DISCUSSION

1. Optimization of parameter sfor immobilization
on alginate gel

Effect of sodium alginate concentration

It has been reported that the porosity of the cal-
cium alginate beads depend upon the a ginate typeand
the gelling agent concentration*¥, So, various concen-
trationsof sodium dginate solution wereused for prepa:
ration of calcium alginate beadsin order to vary the
relativedegreeof crosslinking, whichwould createdif-

N
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mmekilizaton aficiency (%)

Cencentration of sodum algnate (grms)
Figure 1: Effect of calcium alginateon immobilization ef-
ficiency
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ferent poresze. Theimmohilization efficiency wasfound
to be highest (75%) for aconcentration of 4% (w/v)
sodium alginate solution which later on started to
decrease(Figure 1)

Higher immobilization efficiency could not be at-
tained dueto someleakage of theenzymeinto thesolu-
tion. Although, in practicereducing thes zeof thepores
can reduceleakage, someinitia |eakage of thecdllsis
certainto occur™, Thelower immobilization efficiency
in case of lower percentage sodium aginate solution
might be due to larger pore size and consequently
greater leakage of thecdllsfromthematrix.

Effect of curingtimeof calcium alginatebeads

Timerequired for thegel to setisanimportant step
inimmobilization asit affectsthestability of theresulting
calciumaginatebeads. Theeffect of curingtimeonthe
hardness of the cal cium al ginate beadswas eval uated
(Figure?2). Thetreatment of thebeadsinacaciumchlo-
ride bath for 2hrs gave a hardness of 85g. Prolonged
curing of thebeadswith calcium chloride solution did
not improvethe structural stability of the beads.

SEM studies

The SEM micrographsof theplaincalciumaginae
beads and P.chrysosporiumimmobilized form were
presented in figures 3 and 4 respectively. Thecalcium
alginate bead was spherical shaped. The SEM micro-
graph of fungus-immobilized a ginate beadswere com-
pletely different from the plain beadsand revealed a
uniform growth onthebeads surface. Therewasvisible
biomassgrowth, which was seen from the SEM micro-
graphs, asthere were dense branching hyphae. This
uniform distributionisan important criterionfor the
proper biosorption and biodegradation surface areaof
thefungusimmobilized beads. Dueto thegrowth of the
myceliaonthesurface, itisclear that thereisoxygen
and nutrient diffusion on the polysaccharide and they
arenot restricted to growing™.

Optimum conditionsfor using P.chrysosporium-
immobilized beads

Intheimmobilized cdll system, thesubstrate hasto
diffusefor thereaction to take place; hence, thesize of
thefinal |attice (bead) hassignificant effect ontherate
of decolorization. Moreover, the bead size determines
the suitability for reactor configuration. In situations

oo
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Figure2: Effect of curingtimeon bead hardness

Figure4: SEM photograph of immobilized bead

wherethe substrate hasto betransported fromthe bulk
solution to the outer surface of the matrix, both the
intraparticular diffusion and the external masstransfer
should betaken into consideration. However, in the
present study, the externa transport hasnot been con-
sidered on theassumption that greater contributionis
fromtheintraparticlemasstransfer.

Effect of diameter of theimmobilized beads

Experimentswere carried out, varying the diam-
eter of theimmobilized beads. Asshowninfigure5, the

e LBioTechnology

e udian. Joarnil



60 Entrapment of white-rot fungus Phanerochaete chrysosporium

BTAIJ, 2(1) April 2008

FuLL PAPER (o

100

c 904 - =
S ——
= T _-.-:-_: T
g o ===
—
o —— e
E a0 —f— Trm
ar T i 1
(] ——
== —m— A
20 4 —t 2 T
—_—tEmm
—— T
] T T T
50 100 150 200 250

Time( hrs)
Figure5: Effect of diameter of immobilized beads

10000 4

BOOD 4

v (gilh)

=]
=
=]

2000 4

-
-:y 20 40 50 2 100

e s (gl

Figure6: Arrheniusplot

TABLE 1: Kinetic constants obtained using Lineweaver-
Burkeplot

Diameter of the
immobilized bead(mm)

Km/Vimax UVmax Vimax(9/1/h) Kn(g/)

Free cells 108.91 489.57 0.0020 0.2225
1 81.561 522 0.0019 0.1562
2 82.687 568.25 0.0018 0.1455
3 83.706 572 0.0017 0.1463
4 91.683 632 0.0016 0.1451
5 83.69 687 0.0015 0.1218
6 82.66 695 0.0014 0.1189
7 815 721 0.0014 0.1131

highest rate of decol orization was observed with bead
sizeof 1mm and the bigger sizesshowed lower rate.
From the abovefinding it may be concluded that the
beadsof 1mm offered lesser diffusionres stance com-
pared to the larger beads. In order for reference the
free cellsdataisalso plotted. Depending on thediam-
eter of the beads, the percentage decolorization also
varied tofrom 86.71to 71.05 %. For thefreecdlls, it
was around 97.99% decol orization whereas for the
immobilized beadsit waslesser owingtothemasstrans-
fer effectson the bead surface. Asthe size of the beads
increases the surface area decreases and due to this

theremay bediffusional limitations making themass
transfer resistance to be more prominent. Similar re-
sults of decreased ethanol productivity onincreasing
the size of immobilized bead have already been dis-
cussed™. They haveaso reported that asthe biomass
concentration increases, the diameter of thebeadsplays
animportant rolein decreasng theproductivity. Thisis
entirely matching our resultsasthe decol orization de-
creases asthe bead sizeincreases.

Kineticanalysis: Lineweaver burkeplot for free
cellsand entrapped cells

Theintringckineticsof anentrapped cdll isdefined
asbeingtothosethat of the solublecellsinfreeform.
Nevertheless, theimmobilization of whole cellsonto
porous particlesimposesadditiona res stancesand the
kineticsof theimmobilized biocatalyst inthe presence
of modifyingfactorsiscalled theapparent kinetics. The
kinetic parametersof theimmobilized cellsmay bedif-
ferent from those of the suspended cells because of
diffusond regtrictionsand interactionswith thecarrier
or deectivation duetoimmobilization. Therate param-
eterswereestimated experimentally fromtheinitia rate
of the decolorization process. A plot of 1/V vs. 1/S
yieldsalineer linewithadopeof K /V _ andaninter-
ceptof UV __ . (Figure6)

1 | K, |1 1

v [K]E" Vinax

Thekinetic parameter, V __ isnot afundamental
characteristic of cell, becauseit dependson the purity
and concentration of thefungal cell$*¥. TheMichadis-
Menten constant, K, ismoreafundamental param-
eter. Although, K isnot dissociation constant itisoften
used asan affinity parameter in particular for acom-
parison of enzyme affinity to various substrates: the
smalerisK thelargerissaidtobetheaffinity. Thus,
K, iscustomarily considered roughly reciprocal tothe
enzyme-subdrateaffinity, whichfollowsfromthesteedy
statederivationof K _inclassica Michaglis- Menten
Kinetics asthe sum of the constantsfor breakdown of
enzyme-substrate complex.K , and K, divided by the
constant for itsformation, K.

Theresultsof thekinetic constantsaretabulated in
TABLE1.K _ of theimmobilized P.chrysosporiumin-
creased withincreasein thesize of thebeads. There-
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Figure7: Lineweaver burkeplot for thedyebasicgreen

TABLE 2: Operational stability for theimmabilized cells

% Decolorization

Number of Diameter of the immobilized beads(mm)

cycles 1 2 3 4 5 6 7
1 97.54 95.67 94.25 93.27 92.15 91.28 91.23
88.23 84.23 83.98 82.91 81.83 80.56 80.18
74.56 65.12 64.66 63.93 63.45 62.06 61.59
68.49 44.87 44.03 43.55 42.22 41.85 40.67
45.81 42.41 41.12 40.51 39.28 38.06 37.53

a b wnN

sultsobtained inthe present study weresimilar tothose
reported for immobilized glucoamylase (Cabra,, 1982).
Koji etdl.(1999) also observed that theK _for theim-
mobilized urease became higher with increasing thefi-
ber diameter for entrgpment-immobilized urease. Inthe
present study, theinternal diffusion effectsare present
intheoperational conditions used and asthe beads of
larger sizeoffer moreinternal diffusionresistance, the
K., vaueincreaseswith thesize of the bead. Concomi-
tantly, asthediffusiond limitationsweree iminated by
reducingthesize, themaximal activity,V__,increased
with the decreasein the size of the beads.

For practicd application, animmohilized sysemwith
lower K _valueand faster rateof reactionispreferred.
Inthisrespect, immobilized enzyme particle of 2mm
Sizegave satisfactory resultsand was used for further
investigations.

Activation ener gy of theimmobilized enzyme

Thelogarithm of decolorization percentagewas
plotted asafunction of inverse of temperatureand the
activation energy was calculated from the Arrhenius
equation (Figure7). The E, of theimmobilized whole
cellswasfoundto be 6.08kcal/mole.

Kinetic constantsobtained for temperaturevaria-
tion

In order to make arational reactor designfor im-
mobilized wholecell system it isimportant aswell as
necessary to eva uatethekineticsof thesystem for prop-
ertiesof immobilized cells. Hence, variationsin tem-
perature weremadeand it wasfound that theimmobi-
lized cellsshowed very less decol orization percentages
at extremetemperatures. Thereasonabletemperatures
at the two extremes were 30°C and 37°C which are
reported in our results. Thekinetic constants, K, and
V. of thecelsentragppedin Imm sizebead waseva u-
ated at 37°C and 30°C .

The estimated V__ at 37°C was found to be
0.0019¢/l/h and that at 30°C was0.0012 g/I/h. How-
ever, withtheincreaseintemperature, V _ decreased
from 0.0019g/I/h to 0.0009g/I/h of beadswhichindi-
cated that theincreasein temperaturelessened the ac-
tivity of theimmobilized cells. Similarly, with thede-
creaseintemperaturefrom30°C, V__ decreased from
0.0012¢/I/h to 0.0005¢/I/h of beadswhich indicated
that the decreasein temperature also lessened the ac-
tivity of theimmobilized cdlls.

Operational stability

Theoperationd stability of immobilized cdlsisone
of themost important factorsaffecting the utilization of
animmobilized cell system. Theoperationd stability of
theimmobilized beadswas eva uated in batch process.
Theresults(TABLE 2) indicated that on repeated use
of theimmobilized cdls, 45% of theinitid activity was
retained upto four cycles. After fifth cycle, therewas
loss of enzyme activity, which may be dueto enzyme
denaturation and dueto physical lossof al essential
parametersfromthecarrier.

CONCLUSION

Theimmobilized P.chrysosporiumshowed ahigh
decol orization capacity for the dye Basicgreen. The
kineticsof the decol orization was studied using Line-
weaver Burke plot and asize of 1mm diameter bead
showed a higher effectivenessfor decolorization than
larger beads. Kineticsconstants, K _andV __ werees-
timated and werefound to be affected by thebead size.
Thereaction conditions, pH, temperature, was opti-
mi zed for theimmobilized condition. At the optimum
pH and temperature of 4.5 and 37°C, the apparent
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activity was 25.6U/g of beads, resultingin almost 2-
foldincreasein activity. Theimmobilized cellsshowed
ahigh operational stability and retained 45 % of the
initid activity after fourth use.
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