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ABSTRACT

Theability of immobilized cell culturesof PenicilliumdigitatumFETL DS1
to produce extracellular tannase was investigated. The production of en-
zyme was increased by entrapping the fungus in calcium alginate beads
compared to the free suspended cells. Using the optimized parameters of
40 calcium aginate beads, 1.5% (w/v) of sodium alginateandinoculum size
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of 1 x 10° spores/mL in 50 mL cultivation mediumina250 mL shakeflask
system, 6.06 U/mL tannase was obtained from the immobilized cellscom-
pared to thefree sugpended cells(4.34 U/mL). It wasapproximately a39.63%

increment.

INTRODUCTION

Tannin acyl hydrolase (EC 3.1.1.20) also known
as tannase, catalyzes the hydrolysis of ester bonds
present in gallotannin, complex tanninand gallic acid
esterd?, Tannase hasagreat amount of applications
and themain commercia application at presentisinthe
preparation of instantaneoustea, action onteapolyphe-
nol$*>27, beer chill-proofing and winemaking, besides
reducingtanninlevelsinfruitjuices®. Tannasedso can
be used as clarifying agent in coffee flavoured soft
drinks? andtoimprovethenuitritiona propertiesof tan-
nin-rich forage“. It isan inducible enzymethat can
cadysethebreakdown of ester linkagesin hydrolysable
tanninssuch astannic acid resulting inthe production of
galicacid and glucose®.
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Despitethemany important applicationsof tannase,
high scdeuseof tannaseisredtricted dueto thehigh cost
of itsproduction. Even though attemptsto produce high
tannaseactivity in submerged fermentation cultureusing
high agitation speeds have been made, it was not suc-
cessful dueto damageto thefungal myceliacaused by
theshear forcesthat occurred during high agitation Soeed.
Therefore, it isspecul ated that the protection of cdllsis
inevitable, at thesametimemaintainingadeguateamounts
of oxygenintheculture. The protection of thecellscan
be donethrough immohilization techniquesand thedam-
ageof fungd myceliacan bereduced through protection
by entrapping the cllswithin the carrier matrixi%. One
of themost interesting techniquestoincreasetheamount
of tannase productionistheuseof immobilized cdlsin
the production. Immobilization offersmany advantages
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which are direct consequences of the simplefact that
immobilized cell particlesareabout 1,000timeslarger
thanfreecdls, making them easy to handleand capable
of being conveniently packed in afermenter systemfor
industrial processes?. The confinement of thecdll to
support materidsimpliesanumber of desired properties
such asprotecting thecdl from detrimenta environment
perturbation. Besidesthat, the support materia sprovided
adabilizationeffect onthecd lular activitiesthat enhanced
operationd stability andimmobilized preparation canbe
goredfor alonger period of time. Inanimmobilized sys-
tem, theenzymes secreted arelargdly free of cellsand
cdl debriswhichsubgtantidly fadilitated downstream pro-
Ces%é& lO].

Eventhoughthereare severa methodsinimmobi-
lization, cddumaginategd entrgpment isthemost com-
mon method®. Alginate entrgpment cellsisoneof the
smplest, non-toxic and most importantly isone of the
cheapest methods of immobilization™. Alginates are
commercialy availableaswater solublesodium algi-
nates and they have been used for long timein the phar-
maceutical andfood industriesasthickening, filmform-
ing and emulsifying agents®. Sodium dginateiswater
soluble, whereasthe polyvaent cationsof cdcium are
water insoluble, andfinaly thesetwoformcaciumagi-
nate beads which are preferred to be one of the carri-
ersforimmobilization.

Bacterid¥, yeast!?® and filamentous fungi(® 1724
have been reported to be ableto produce extracel lular
tannase. However, thisisthefirst report on Penicil-
liumdigitatumthat can produce extracel lular tannase.
Penicilliumdigitatum FETL DS1 which wasisol ated
from the dumping sites of tannin-rich barks of
Rhizophora apiculatainthemangrove areain Perak,
Maaysiaisan aerobicfunguswhichissengtiveto oxy-
genlimitation inthe cultivation process. Therefore, the
am of the present investigation wasto study theimmo-
bilization of thePenicilliumdigitatumFETL DS1 cdls
for higher tannase production using theca ciumaginate
entrapment method.

MATERIALSAND METHODS

Microorganism, culturemaintenanceand inocu-
lum preparation

Penicilliumdigitatum FETL DS, isolated from
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the dumping areaof tannin-rich barks of Rhizophora
apiculatain mangrove areasin Perak, Maaysia, was
used throughout the sudy. Thefunga culturewasmain-
tained on 2% (w/v) mat extract agar dant supplemented
with 0.01% tannic acid at 30°C for 5 days aerobically
until sporulate, before storing them at 4°C for further
use. Thesubculturing was performed every 3weeksto
ensureitssurviva.

Theinoculum was prepared by adding 5.0 mL of
steriledistilled water to the agar slantsand shaking it
vigoroudy. The spore suspens on that obtained was ad-
justed to 1 x 107 spores/mL using ahaemocytometer
dlide chamber (Neubauer, Germany) and used as
inoculums.

Cultivation method for free cells of Penicillium
digitatum FETL DS1

Culturesweregrownin 250-mL Erlenmeyer flasks
containing 50 mL of modified Czapek-Dox liquid me-
dium (%; w/v): 0.25% NHCI, 0.1%KH,PO, 0.05%
MgSO, 7H,0O, 0.05% K CI and 4% tannic acid (asa
sole carbon source). The pH of the medium was ad-
justed to 6.5 prior to autoclaving. The 1% (v/v; 1x 107
spores/mL.) of inoculum was added into the medium
andthe cultivation was carried-out at 30°C for 10 days
with agitation speed of 200 rpm. Tannase activity and
bi omass determinationswere done every 24 hour in-
tervas. Theexperimentswerecarried-out intriplicate
and thevalueswerereported as standard deviations.

Immobilization of Penicilliumdigitatum FETL DS1
using theentrapment method

Sodium aginate (Nacaa Tesgue, Japan) with afi-
nal concentration of 1.5% (w/v) wasadded toa5% (v/
V) spore suspension of 1.0 x 107 spores/mL and mixed
usingamagnetic irrer at roomtemperature. Thespore-
aginatedurry was sucked into asyringe (Terumo, Ja
pan). Cal cium alginate beads were formed by drop-
ping themixtureof spore-aginatedurry into0.2M cal-
cium chloride solution following abrief shaking for ev-
ery drop. The beads were then incubated in the cal-
cium chloridesolution for another 30 minutesto com-
pletethe gel formation before storing them at 4°C for
further use.

Fifty beadsof the calcium aginatethat contained
spores each with a diameter of about 4.0 mm were
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inoculated into 50 mL of modified Czapek-Dox liquid
medium (%; w/v): 0.25% NHCI, 0.1% KH,PO,
0.05%MgSO, 7H.,0, 0.05% KCl and 4%tann|caC|d
(asasol ecarbon source) The pH of themedium was
adjusted to 6.5 and the cultivation was carried-out at
30°C and at 200 rpm of agitation speed for 10 days.
Tannase activity and biomass determinationsweredone
every 24 hours. Theexperimentswerecarried out in
triplicate and the valueswere reported as standard de-
viations. Thisexperiment was conducted to determine
theoptimal cultivationtimethat produced the highest
tannase production through the calcium aginateimmo-
bilization.

I mprovement of cultureconditionsby calcium al-
ginateimmobilization

Immobilization wascarried out by placing different
numbers of sodium alginate beads (10, 20, 30, 40 and
50) into 250-mL Erlenmeyer flasks containing 50 mL
of optimized modified Chapex-Dox medium[(%; wiv):
0.25% NHCI, 0.1% KH,PO, 0.05% MgSO, 7H,0,
0.05%KCl and 4%ta1n|ca:|d] withinitial medium pH
of 6.5, whichwas sterilized prior to placinginthecal-
cium-a ginate beads containing thefungal spores. The
preparation was incubated at 30°C and at 200 rpm
agitation speed for 10 days. Tannase activity and bio-
mass determinationswere done at 24 hour intervals.
Theexperimentswere conducted intriplicate and the
vaueswerereported as standard deviations.

Besidesthenumber of calcium aginatebeads, the
inoculum sizeswere also studied in order to get the
best spore concentration to be entrapped in calcium
aginate beads. Vari ous concentrations of fungal spores
were studied (10t 102, 103, 104, 10°, 10¢, 10" and 10®
spores/mL). Theeffectsof sodium aginate concentra-
tionsonthesizeof inoculum werea so determined and
the concentrations of sodium a ginate used were 1.0%,
1.5%, 2.0% and 2.5%. Thecultivationsweredonefor
4 days (optimum cultivation period) a 30°C and at 200
rpm agitation speed.

Crudeenzymeextraction

The culture broth wasfiltered through aBuchner
funnel containing apre-weighed filter paper (Whatman
No.1 paper) to separatethe mycelid biomass. Thecell-
free culturefiltrate containing the crude enzymewas

then assayed for extracd lular tannase activity.
Fungal growth deter mination

The growth of free cellsin the medium was esti-
mated by filtering the culture broth through aBuchner
funnel containing apre-weighed Whatman No. 1 filter
paper. Theretained biomasswasthenwashed with dis-
tilled water to remove any remaining substrate and later
both themycelial massand thefilter paper weredried
to aconstant weight at 65°C. Subsequently, they were
re-weighed and the weight of the dry mycelial mass
was cal culated by subtracting theweight of thefilter
paper.

Thedry weight of theimmobilized myceliainca-
ciumaginatebeadswasdetermined by dissolvingknown
amounts of beads in a 10 mL sodium
hexametaphosphate sol ution (23.4%, wiv) asprevioudy
described by™®. The mycelium was filtered using
Whatman No. 1filter paper asdescribed above.

Scanning electr on micr oscopy

Morphological observation of thefreeand calcium
aginateimmobilized cell preparationswere performed
usingascanning e ectron microscope (Leica, Cambridge
S-360). The4-day-old funga myceliawere harvested,
washed threetimeswith steriledistilled water and then
blotted dry in Whatman filter paper. The samplesfor
SEM were prepared as described previoudly by!?Y,

Tannase activity assay

Extracel lular tannase activity was determined ac-
cording to themethod described previoudy by*2. One
millilitre of theculturefiltratewasincubated with 1 mL
of tannic acid solution (1% w/v tannicacidin 0.2 M
acetate buffer, pH 5.0) at 40°C for 30 min in a water
bath. The enzymatic reaction was then stopped by
precipitation of the remaining tannic acid with the ad-
dition of 4 mL of standard protein solution (1.0 mg/
mL bovine serum albumin) at room temperature
(30£2°C). The gallic acid produced was not precipi-
tated by the protein solution in thismethod dueto its
low moleculeweight. A reference tubewith the heat
inactivated enzyme was treated in the same manner
except that the tannic acid was precipitated immedi-
ately without incubation. Thetube wasthen centri-
fuged at 3,000 rpm (Chermle Z 320) for 20 min and
the absorbance of 1:80-fold diluted supernatant (con-
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taining liberated gallic acid by action of tannase on
tannic acid) against distilled water asblank inaUV
spectrophotometer (UV-120-01 Shimadzu, Japan).
Theamount of gallic acid produced in the reaction
mixture wasthen estimated from areference curve
standardized with commercid gallic acid (FlukaAG)
with concentration ranging from 0to 30 umol/mL. One
Unit of tannase was defined asthe amount of enzyme
required to release 1.0 pmol of gallic acid per min per
mL of fermentation broth under standard assay con-
ditions.

RESULTS

Tannase production by freecells

Theresultsobtained for the production of tannase
by free suspended cdllsinashakeflask sysemisshown
inFigure 1, wherethemaximal cultivation period for
the highest enzyme production was at the 4 days of
cultivation with about 4.34 U/mL tannaseactivity. The
tannase production wasfound to be expressed during
the secondary metabolic phase of growth, the onset of
whichwastriggered by thelimitation of carbon and ni-
trogen sources. Theenzymeactivity dropped gradudly
after achievingitsmaximum activity. However, thefun-
gal growthwasincreased slowly after achieving the
maxima tannase production.

Biomass (g/fl)
Tannase activity (U/ml)

Incubation time (days)

=== Biomass (g/l)  ==Be=Tannase activity (U/ml)
Figurel: Tannaseproduction by free suspended cellsof P.
digitatum FETL DS1inashakeflask system.
Tannaseproduction by immabilized cell prepara-
tion
The profileof tannase production by calcium agi-
nateimmobilized cellsisshownin Figure2. Theen-
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—#e—RBiomass (g/l)  =@=Tannase activity {U/mll
Figure2: Tannase production by immobilized prepar ation of
P.digitatum FETL DSLin calcium alginateentrapped cellsin
ashakesystem (non-optimum condition)

zyme production ismarkedly enhanced by immobiliza-
tion (50 beadsper 50 mL medium) with about 5.65 U/
mL which asoachieved ontheday 4 of cultivation. The
fungd growthisaso higher intheca cium aginatebeads
than thefree suspended cells.

Theoptimization of fungal cell entrapment in cal-
cium alginate beads was carried out in order to get
maximum enzyme production. Two parametersinclud-
ing theinoculum sizesand concentration of sodium a-
ginate and beadswereinvestigated.

Effect of inoculum size

Optimization of sporeconcentration on the produc-
tion of thetannaseby immobilized cdlsof P. digitatum
FETL DSLin calcium alginate beads was carried out
using 1% (v/v) of spore suspensionsof varying spore
countsfrom1x 10— 1 x 108gpores/mL (Figure3). The

25 3

20

=
w

Biomass (g/1)

N
[=]
Tannase activity (U/1)

10? 10° 10* 10° 108 107 10°

Inoculum's Size (spores/ml)

=@ Biomass (gfll == Tannase activity (U/ml)
Figure3: Effect of inoculum size on tannase pr oduction by
immobilized cdlsof P.digitatum FETL DS1in calcium algi-
nateentrapped cellsin ashakeflask system
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result revedl ed that the higher inoculum size produced
higher tannase production and the optimized inoculum
sizeof 1 x 10° spore/mL produced the highest tannase
of about 7.50 U/mL. The highest growth also achieved
whenthe sameinoculum sizewasused. Higher or lower
inoculum sizesthan the optimum one produced lower
tannaseactivity.

Effect of sodium alginate concentration and bead
number

Optimization of sodium alginate concentration on
the production of tannase by immobilized cells P.
digitatumFETL DS1 in calcium a ginate beadswas
carried out using 1 x 10°spores/mL entrgpped in vari-
ous concentration from 1.0 — 2.5% (w/v) in 4 days
(Figure4A). The production of tannaseimproved with
theincreasing sodium aginate concentration and reached
the maximum tannase activity of 5.80 U/mL at 1.5%
(w/v). Theeffect of initia cell loadingwas studied by
varyingthenumber of aginatebeadsfrom 10— 50 beads

A

25 7
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L E
= 2
ERE 1 E
=
E i
E 3 ®
5 10 g
2 §
5 [

Fa

] T 0

1 1.5 2 2.5
Concentration of sodium alginate (%: w/fv)
6 FrmmBiomass (gfl)  ====Tannase activity (U/ml)

25 7
20 ¢ =
E
- 53
@315 4 £
: :

=

§ 10 rE
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5 £

10 20 30 40 50
Number of calcium alginate (beads)

e={F=Tannase activity (U/ml)

Figured: (A) Effect of sodium alginateconcentr ation and (B)
Effect of bead number son tannaseproduction by immobilized
cellsof P.digitatum FETL DSL1in calcium alginateentrapped
cellsin a shake flask system

Ezzzz Biomass (g/1)

per 50mL of cultivationmediumin aflask. It wasfound
that the production of tannaseincreased asthe number
of calcium alginate entrapped cellsincreased until it
achieved the maximum tannase production of 5.90 U/
mL when 40 beadswere used (Figure4B). Thefunga
growth wasalso found toincreasetremendousy when
entrapped in calcium aginate beads. Higher or lower
the sodium alginate concentrati on and beads number
than the optimum onereduced theenzymeactivity.

Profileof tannase production by immobilized and
free cells

Usnganoptimized number of cadumaginatebeads
(40 beads), 1.5% (w/v) of sodium alginate concentra-
tion and inoculum size 1 x 106 spores/mL, the time
coursefor tannase production by theimmobilized P.
digitatumFETL DS1 wascarried out (Figure5). The
maximum tannase production by cacium aginatebeads

30 7

25

[
=]

-
wn

Biomass (g/f1)

H
(=]
Tannase activity (U/ml)

Incubation Time (days)

——Before optimized biomass —#—0ptimized biomass

==Before Optimized Tannase —d=0ptimized tannase
Figure5: Timecour seprofile of tannaseproduction by opti-
mized and non-optimized immobilized preparation of P.
digitatum FETL DSl in calcium alginateentrapped cellsin
shake flask

TABLE 1: Summary of tannaseproduction by freesuspended
cellsand calcium alginate (non-optimized and optimized) P.
digitatum FETL DSlentrapped cellsimmobilization

Tannase Days of
Céll preparation activity maximum
(U/mL) activity
Free suspended cells 4,34 4
Calcium alginate entrapped
cellsimmobilization (hon- 5.65 4
optimized)
Calcium alginate entrapped
cellsimmobilization 6.06 4
(optimized)
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was 6.06 U/mL. TABLE 1 showsthetannase produc-
tion obtained from the free suspended cells, non-opti-
mized and a so optimized conditionsof thecalcium a -
ginate entrapped cells. Theresults showed that there
was an increment in tannase production of about
30.18%in theimmobilization (non-optimized; 5.65 U/
mL) compared to the free suspended cells (4.34 U/
mL), and adlight increment of about 7.26% of tannase
production when optimized conditions (6.06 U/mL)
were used compared to the non-optimized (5.65 U/
mL) conditions. Finaly, there was an increment of
39.63% in the tannase production after the optimiza-
tion conditions used compared to free suspended cells.

Scanning electron microscope obser vation of the
fungal growth in acalcium alginatebeads

Figure 6 : SEM monograph of the entrapped P. digitatum
FETL DSl cellsin calcium alginate beads. (A) Mycelia at-
tached tothealginate polymer and (B) Denseand inter-win-
ing fungal myceliain a calcium alginatebead

BioTechnology —

Thefungal cdlsentrapped inthecalcium alginate
beadswere examined using SEM. (Figure 6). Figure
6A showsasinglecacium aginate bead exposing the
myceliawithin thebeads. Theclear distinct and dense
myceliaramified on thetop surfacelayer of the bead
compared to themyceliaintheinner part of the bead
whichisscarce (Figure6B). Thiscould bedueto the
diffusion limitation of theoxygen and nutrient.

DISCUSSION

Early work has shown that agitationresultedinthe
formation of mycelial pellets which sometimes sup-
pressed the synthesis of enzymes™¥. Eventhough, agi-
tationisnecessary inthe cultivation system to enhance
thediffusion and masstrandfer of gassesinto, fromand
withinthe pellet, agitation can also bring major prob-
lemswhereit can make cdlsdisintegrateor lysisasa
result of thecell collision and shear forcesduring agita:
tion or shaking”. Therefore, cell immobilization by the
entrapment method isagood choice.

Immobilized of P. digitatum FETL DS1 cellsin
calcium alginate showed that the tannase production
was comparatively higher than that by the free sus-
pended cells. However, further observation revealed
that although thematrix inthiscasefunctioned asaway
to significantly increase the biomass concentration, in-
creaseinbiomassdid not result inan equivaentincrease
inenzymesynthes's, suggesting that the production of
theenzyme by thismethod isnot growth related.

Cdcium aginate, which was used as support ma-
teria alowed effective attachment of fungal mycelia.
The SEM examination showed the attachment of fun-
gd mycdliaand theintensive colonizationfromwithin
the alginate bead where the fungal sporeswere al-
lowed to grow in situ. No suspended cellsor mycelial
pellets were detected in the culture broth and there-
foreit resulted in aclear liquid broth throughout the
fermentation process. This condition suggested that
the cellswere protected and attached to the support
matrix.

Themycdlia growthisusualy confined to the sub-
surface of the ca cium dginate beadsand therefore sur-
face stability of the calcium al ginate beadsbecomesan
important factor to be considered. A membranelike
coating isthought to be theresult of contact between
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sodium aginateand calcium chlorideat the beginning
of bead formation suggesting that the outer layer isme-
chanicaly weaker thantheunderlying calcium dginate.
That wasthereason for studying the effect of sodium
aginate concentration on tannase production.

Theincreaseof aginate concentration gradualy re-
duced theleakage of cellsintothe cultivation medium
followed by the limitation of growth and enzymere-
leased®, However at the optimized a ginate concen-
tration, the entrapments of cellsweremaintained and
theenzyme production was higher. Thiscondition cor-
related to the optimized number of beads used (40
beads per 50 mL per flask). Many researchers have
reported that theright concentrations of alginate were
found to minimizethe leakage of biomassout of the
beads and asaformulaof spherical and stable beads™
16,268 Besides, calcium alginated so maintained the po-
rosity for the supply of nutrient and oxygen diffusionto
thecd|s™. Thestructureof caciumaginateinsdebeads
was gdl-like. Despite the solid gppearance, oxygen and
nutrient diffusionthrough the clcilumdginateused was
clearly not sorestrictive asto force mycelium to grow
at the surface although further studiesto bemadeon
maximizing biomass by increasing theinoculumssize
may reved otherwise.

Higher inoculum s zethan the optimized concentra-
tion resulted in reduced enzyme production and funga
growth. Klein*® reported that high growth inthe sup-
port materid can causediffusiona limitation of oxygen
and substrate in to the bead and thusreduced the en-
zymeproduction. Furthermore, theefficiency of enzyme
production decreased with theincrease of cdll loading
inimmobilization duetoinadequatesubstratediffusion.

CONCLUSION

Immobilization of whole cells of Penicillium
digitatumFETL DS1 for the production of extracel lu-
lar tannase offers many advantagesincluding the ability
to separatecd| biomassfrom cultivation brothand dso
enhancing productivity. However, proper selection of
immohilization techniquesand supporting materid swas
needed to minimizethe disadvantages of immobiliza-
tion. Thecell entrapment in calcium alginate beadsis
oneof the suitable method for cell immobilization be-
causeitissmpler, lessexpensiveand non-toxic.
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