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{ INTRODUCTION

Immobilization of whole cellsis now a well established technigue in the field of microbial ensyme
production { Bungard er al 1 979: Shinmyoetal, 19572), Entrapment of whole cells inta polymeric
malrices is one of the main line within this broad field. In the recent years production of xvianase
by immobilized microorganisms have been investigated and reported (Ghash and Nanda. 1991
Maapaloes el 19059 Legoner al, 1988, 1590),

Aspergillus flavipes MNT-34 75 1 Potent Xylanolytic mutant strain developed by ug using N'-methyl-
N'nitro-N'nitrosoguanidine (NTG) treatment. The present paper reports the production of xylanases
by calcium-alginate entrapped A. fMavipes MNT-34 mycelivm on modified Mandal and Waber medium
(Mande! and Waber, 1969} with xylhan ns sole carbon source.

MATERIAL AND l\’IETHODS

The organism used in the present study is o induced mutant strain abtained by NTG treatment of a
mitural cellulolvtic soil isolate of Aspergillus flavipes. This fungal strain was isolated from local
sl fdentified in our laboratory anid its ident fication was subsequently confirmed by CMI, London
Both the natural isolate and. the mutant strain are maintained on Potato dextrose agar (PDA) medium
At 8°C with periodic transtfer to tresh PDVA medium, For enhanced sporulation 0.1 % mait extract
wis adied 1o the PRA medium, For sylanase production by free and immobilized Aspereilius flavipes
mycelium. moditted MW medium with 0, 1% peptone [0 mh COINHL},. 20mM (NH,}.50,, 0.02%
yeast extroct. 0U15% Twéeno80 and X< x¥lan as carbon source was used. The initinl pH of the
medivm was adjosted 1o 6.0 i 4] Experments and 100 mM KH. PO, was used as buffering agent,

a A. flavipes conidia were immabilized in sodium alginute following the method of Kiersran and
i Bucke (1977). A saline Suspension of A. flavipes conidia wores thoroughly mixed with sierijs sodium
alginate of various concentration and the mixture releasad through a syringe into 26 Cacl ,sol" to
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obtain fungal spores entrapped within Ca-alginate beads. The beads werc then washed repeatedly 1
with stertle distilled water to remove any untrapped spore and then used as inoculum directly or
stored at 4°C for future use.
The production medinm was inoculated and incubated at 30°C for 6 days under 120 rpm agitalion .

as well as in static condition. Xylanases and total protein secretion in the medium by immobilized
organism is monitored throughout the cultivation period. For enzyme production using freely
suspended mycelium, inoculum was used at 4% level with a saline suspension of 10” conidia ml™',
while enzyme production using immobilized mycelium, spore entrapped beads formed from 10 ml
Na-alginate soln, (containing 5x 107 conidia ml"' sol".) were used per 10€ ml production medium.
Parameters like gel concentration. spore load 1n inoculum bead and substrate concentration were
optimized cmploying 1.5-3.5% Na-alginate; 1x10°-1x10% conidia ml'! Na-alginate sol". and 1.0-
3.0% xylan as substratc, respectively.

During incubation, at intervals, Ca-alginate beads were removed {rom culture broth by filtration
through Whatman No, I filter paper and then the filtrate was centrifuged at 10,000 x g for 10 min at
4°C to removed any particulate matter. The clear supernatant is used for enzyme assay.
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Xylanase activily was assayed in 1.0 ml reaction mixture containing 0.5 ml 1.0% xylan {Oat spelt.
Sigma) as substrate and 0.25 ml culture filtrate as enzyme source. The mixture was buftered using
0.25 ml 0.1 M acetate buffer, pH 5.0.After 20 min incubation at 50°C the reducing sugar released
was determined as xylose by dinitrosalicylic acid (DNS) method (Miller, 1969). One unit of xylanase
activily was defined as the amount of enzyme which liberates 1 pmol of reducing sugar (xylose}
per minute,

The B-xylosidase activity was assayed by measuring the amount of p-nitrophenol liberated from n-
nitropheny! B-D-xylopyranoside (PNPX), A typical enzyme assay consisted of incubating 0.5 ml
culture filtrate as enzyme source and 0.5 ml substrate (8mM, PNPX 1n 50 mM citrate phesphate
buiter, pH 4.0) at 60°C for 15 mins. The reaction was stopped by the addition of 4 mlof 0.25 M
Na.CO, solution and the absorbance of the liberated p-nitrophenol was measured at 400 nm. The
international unit of B-xylosidase (1U mi} is defined as the number of mmol of p-nitrophenol
tiberated min-' ml-' enzyme solution under standard assay condition. Extracellular protein was
estimaied by Bradford method (Bradford, 1976).
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RESULTS

.,

Various concentration of Na-alginate, ranging from 1.5 to 3,.5% (w/v) were used for Ca-alginate
bead preparation {Table 1). Maximum xylanases production (§.4 IU xylanase and 1.24 1U B-
xylosidase per ml culture filirate) was observed using spores immobilized in 2.5% Na-alginate
after 4% h incubation. There was a sharp dechine of xylanase secretion at Na-alginate concentration
of 3.09% or above. Alginate concentration lesser than 2% causes cracks during incubation in agitated
condition due to softness, which results leakage of spores in the growing medium causing increased
vegelative growth but decreased enzyme production.

Table 1. Effect of sodiun alginate concentration on xylanolytic enzyme production by calcium
alginate bead enirapped A. flavipes MNT-34 mycelium

Sodium alginate Xylanase, 1U ml™ B-xylosidase, IUml! Protein, g ml?
concenlration (9ew/v)

I35 3.04 0.62 304
2 5.58 0.95 328
2.5 §.42 1.24 365
3 6.28 1.06 354

35 2.54 0.48 292
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Various spore load ranging from 1x10¢ - 1x10% conidia ml-! Na-alginate solution (2.5% w/v) were
tested and maximum xylanases production (10.21 T xylanase and 1.40 IU B-xylosidase per mi
culture filtrate) was observed at a spore load of 5x 1 07 conidia il ammobilizing solution (Table 2).
Both higher and lower spore load resulted decrease in enzyme production. Cracking of Na-alginate
beads also observed ata spore load of |x 10 spore/ml or more. Final mycelia population inside the
beads may remain oplimal when the inoculum load was less than 5x107 and is the probable cause
ol lowering the enzyme yield.

Table 2. Effect of spore load in calcium alginate beads on xylanelytic enzyme production by
caleium alginate bead entrapped A. flavipes MNT-34 mycelinm

Spore load in calcium  Xylanase, [U ml- B-xylosidase, [Uml! Protein, g ml”
alginate bead*

Ix10° 5.08 0.75 318
Sx100 6.25 0.98 345
tx 107 8.44 1.28 362
Sx 107 10.21 1.43 372
Ix 147 16.06 1.28 385

* - Final conidinl concentration /ml Na-alginate

We have lesled the effect of concentration of xylan (1-4%), w/v) in the production medium on
xylanase production (Table 3). Xylanase production increased parallely with xylan concentration
up to 2.5% which seems to be optimum for the purpose. Production of 13.38 U mi- xylanase and
361 [U m!! B-xylosidase wis oblained at that xylan concentration. However, enzyme production
decreased gradually above 3.0% xylan concentration.

Table 3. Effect of xylan concentration on xylanolytic enzyme production by calciam alginate
bead entrapped A. flavipes MNT-34 mycelium

Xylan concentration Xylanase, 1U ml* B-xylosidase, ITUml" Protein, pug ml-!
(T wiv)
3.6l 0.62 325
1.5 6.82 1.05 340
2 10.25 1.46 370
2.5 13.38 1.78 398
3 13.08 1.72 382
35 12.25 1.56 356
4 11.84 1.45 345

Xylanase production by immobilized A flavipes mycelium was studied both in staitc and agitated
(200 rpm) =tate. Xylanase secretion by free and immobilized mycelium in both static and agitated
condition were compared i Table 4). Immobilized mycelium released extracellular xylanase in lesser
arnount (1338 [U ml= xylanase and 2.62 TU ml"' B-xylosidase in agitated and 6,30 [U ml"' xylanase
and 1.38 U ml B-xylosidase in satic condition) than in the freestate (22.58 U ml! xylanase and
491 U ml' B-xylosidase in agitated and 15.70 1U m]- xylanase and 3.85 {U ml" B-xylosidase in
stattc condition) both in static and agitated culture condition, All results are mean value of five
replica.
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Table 4. Xylanase and B-xvlosidase activity exhibited by frec mycelium and immobilized mycelinm
ot A flavipes AMNT-34 in static and agitated culture

State of Incubation Xylanase, [U mlt B-xylosidase, IUml! Protein, g ml™
mycelium period, day Agitated  Static Agitated Static  Aguated  Static -
Free mycclium | 285 1.05 0.32 0.14 205 170

2 5.1z 3.48 0.96 0.55 284 218

3 451 8.12 1.85 1.25 310 240 "

o+ JIER 13.54 4.65 24 384 295

5 2015 15.73 4,94 3.85 390 304

& 1894 14.68 488 372 412 356
Immobitized 1 3.56 1 45 0.74 0.58 270 156
mycelium 2 13.38 6.34 1.78 1.19 398 190

- 10.26 5,18 2.62 1.33 365 235

4 8.85 3.64 245 | .38 342 226

3 542 3.64 2.02 1.16 315 206

6 432 3.2 1.84 0.82 285 198
DISCUSSION

Diecline in xylanase productinnl o ghave 3.0% (wiv) alginate concentrationin calcium alginate
fead could e duete less wvailability of nutricnts 10 the: pariially grown mycelium 0§ increase in
alginate concentrtion inicrenses yviscovity of the beads. The resulis hitherto heen obtuined with A.
flevipes corroborates the ohservition made previously with A, flavipes (Ghosh and Mandi, 1991).
Cracking of gel bead in higher spore taad (over 3x107 conidia ml' Na-alginate) might be due to the
fact that large number of spore produce greater ge1 minating pressure and CO, evolubon which
results into building up-of a pressure 4t the centre of the gel beads (Chukuwnma et al., 1989)

lmmohilized myceliom showed hetlel gnzyme production firstly because ngitation increases the
myeelium subsirate interactinn and geration. Secondly, 1n statie culture condition immobilized
myeeliun profraded gut frim the beads, covering lis sarface which canses nonavailability of nulrients
v mycelium inside the heads, Similar adverse elfect on xylanolylic enzyme proquction in static
condition by Caleium algimate hoad sntrapped myceliam was ohserved by Ghoshound MNanda {1991}
Deeregse in enzyme production with increqse in substrate concentration miy be due o binding of
enzyme with unutilized xylan in the medium (Panda, 19893, Apart from these the entrapped mycelinm
in Ca-ulginate beads has the advantage that they could he uscd repeatedly for 4-5 cycles with less
than 159 loss of enzyimne petivity (result pot shown). Rapid enzyme productian, repeated use of the
same immobilized myeslium ds fmoculym for different batches increased storage characteristics
(oo Future ose of the inocualum, chows xyvlanase production mare geonomic over other conventional
provess by imobilized, partially germiinated spores of A. flavipes.
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