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PRODUCTION OF LIPASE BY SPOROTRICHUM (CHRYSOSPORIUM) THERMOPHILE
APINIS IMMOBILIZED IN ALGINATE AND POROUS GLASS BEADS

B. N. JOHRI!, J.L. ALURRALDE?, B. KRESSDORF> and J. KLEIN:

SUMMARY

Spores and mycelia of Sporotrichum (Chrysosporium) thermophile Apinis
were immobilized in alginate and porous glass beads for lipase production
in batch replacement culture and a column reactor. Young mycelia immobilized
in alginate produced higher levels of lipase than free cells or spores immobi-
lized in alginate or glass beads. Alginate beads were successfully used in
batch culture for more than 300 h without any signs of breakage and little
cell washout. Porous glass beads proved a better carrier for spore derived
inocula but activity levels were low. Crude lipase of S. thermophile was
stable upto 90°C both in free and immobilized state and thus requires further
characterization.

INTRODUCTION

In recent biotechnological developments dealing with industrial enzymology,
immobilized cell/enzyme methodology has provided an important alternative
for the production of secondary metabolites (Scott, 1987). In most studies,
supports based on polymeric gels were used but inorganic carriers appear
as interesting alternatives (Salter et al.,1990).

In search for new sources of lipase, S. thermophile has attracted our
attention because of its known hydrolytic capabilities including low levels
of lipase and an understanding of protoplasting and mutagenisation (Satyanaraya-
na and Johri, 1981; Dubey and Johri, 1987; Sharma et al., 1988; Singh et
al., 1990). Recently protoplasts of this thermophile were immobilized succe-
ssfully for production of lipase (Johri et al.,1990). However, large scale
protoplast preparation as also their fraility makes its use rather difficult,
Therefore, spores and mycelia of S. thermophile were immobilized in alginate

and glass beads and lipase production investigated in batch replacement cul-

tures.
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MATERIALS AND METHODS

A wild type strain of S. thermophile, recovered from decomposing rice
straw, was maintained in Emerson YpSs agar at 45°C. For lipase production,
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a glucose phthalate medium was used; 1.2 L Braun Biostat fermenter was used
for obtaining crude lipase.

Crude, lyophilized preparation was immobilized onto VA Epoxy Biosyre-
th (Riedel de Haen, Seelze, FRG) and polysiloxane carrier (Degussa AG, Frank-
furt). For whole cell immobilization of spores and mycelia, alginate, chito-
san and carrageenam was used (Vorlop and Klein, 1983). Porous glass beads
prepared from sodium silicate (55%) were provided by Schott Glass Works,
Mainz. Three sites were used : carrier A, 63 um (1-2 mm dia.), carrier
B, 80 um (1-3 mm diam.) and carrier E, 125-315 um (1-4 mm diam). Immo-
bilization was carried out by direct addition of spore suspension to sterile
glass beads (2 ml/2g); Batch replacement studies with immobilized cells were
carried out in shake flask cultures employing medium/buffer. Long term re-
usuability was tested in glass column reactor packed with alginate or glass
beads, followed by recirculation of medium/buffer.

Lipase was assayed titrimetrically using an automatic titrator from Rado-
meter, Copenhagen according to Johri et al. (1990). One lipase unit refers
to the release of 1 u mol of free fatty acid per min per ml. Bead protein
was assayed by Folin's phenol reagent and glucose with glucose-peroxidase
kit from Sigma (315-100).

RESULTS

Fermentation Behaviour and Properties: Sporotrichum thermophile produced

high levels of lipase (778 U L_1 h_l) in a fermenter within 12-16 h in glucose-
soytone medium (Fig.l). Rapid glucose utilization was followed by heavy sporu-
lation and re-growth, resulting in diauxic secretion of lipase.

Crude lipase exhibited a pH optima of 8.0 for activity with sharp decline
at 9.0; immobilisation on to VA epoxy carrier resulted in narrower limits
for pH stability. Lipase bound to the polysiloxane carrier lost only 5-10%
activity until 75°C. Thermal stability data (Fig.2) shows 40% less in activity
for free lipase at 90°C after 40 min but after immobilization in polysiloxane
carrier, more than 30% activity was retained until 120 min. Lipase of S. ther-
mophile was able to hydrolyse various oils, tributyrin and butyloleate very

effectively but cotton seed and soybean oils were poor substrates.
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Figl Lipase production by S. thermophile in a glucose-soytone medium supplemented with tween 80
using a 1.21 fermenter
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Fig.2 Thermal stability profile of free and immobilized lipase.
Note relative stability of the enzyme immobilized in polysiloxane (carrier B).
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Immobilization in Glass Beads: In batch replacement culture, all three glass

bead carriers (A,B,C) supported good growth of S. thermophile and maintained
lipase secretion for nine cycles lasting 240 h (Table 1). Carrier A ( 63 um)

suypported greater activity profile and was used in a packed-bed column
reactor; after recirculation, 99.70% of the spores were retained in this system.
Alternating, 50 ml cycles (24 h) of nutrient medium and Tris-HCl buffer (0.02
M, pH 8.0) were circulated; lipase activity reached a level of 2.62 U after
5th cycle but dropped to 0.92 V after 240 h. This system operated without
any washout of the cells and fungal biomass did not appear to be limiting
because loading of 8.26x108 or 0.78»{108 spores ml-1 had little influence on

lipase activity after initial difference in behaviour.

Table 1
SPECIFIC LIPASE PRODUCTIVITY IN VARIOUS CARRIERS IN BATCH REPLACEMENT
CULTURE
Lipase production (U/mg_1 bead protein)
Duration Carrier A Carrier B Carrier C
Cycle (h) 63 um 80 um 125-315 um
F 24 0.00 0.36 0.06
I1 24 1,17 0.00 0.15
III 24 6.00 2.70 3.25
1V 52 6.90 2,70 1.74
v 24 1.46 0.87 0.95
VI 24 0.96 1.44 0.46
VIEES 20 4.80 4.60 6.40
VIII 24 0.27 3.14 3.135

Immobilization in polymeric gels: Lipase activity of the spores and mycelia

entrapped in alginate, carrageenan, chitosan and silicone was tested (Table

II) but based on earlier experience (Johri et al. 1990) detailed studies were

limited to alginate.
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Table 2

LIPASE PRODUCTION BY S. THERMOPHILE IMMOBILIZED IN VARIOUS SUPPORTS

Time Activity Specific activity

System (h) (U) (U mg_l protein)
FREE CELLS 40 3.63 20.74
ALGINATE SPORE 40 357 23303
MYCELIAL 18 5.40 14.50
CHITOSAN SPORE 40 2.97 15.60
CARRAGEENAN SPORE 40 3.03 2295
SILICON SPORE SHEET 18 1.10 13,58
MYCELIAL SHEET 18 1.00 9.80

As compared to free mycelia, alginate entrapped cells produced one-fold
higher lipase in a glucose medium; tween improved activity from 1.37 to 4.17
U. Irrespective of the pH of the medium (4.5, 5.5, 6.5), peak lipase activity
(4.17 U) was reached after 40 h. Specific enzyme activity was several-fold
higher at 45°C (26.00) than 37 (9.56 U) or 50°C (8.12 U). Rapid vegetative
growth did not appear to favour lipase production.

Since 15-20% of the lipase remains cell bound in S. thermoghile (Johri
et al. 1990), young mycelial beads (16 h) were observed to be more activie
lipolytically (4.70 U) than the old ones (40 h, 0.730). Maximum in situ lipo-
lysis in these beads was induced by oleicbutylester. They were also active
if placed directly in acetate (0.05 M, pH 5.5), phosphate (0.07 M, pH 7.0),
Tris-HC1 (0.02 M, pH 8.0) buffers with/without tween 80.Successful replace-
ment cultures in acetate and tris buffers were carried out until 112 h without
further regrowth of cells in the beads.

Reusuability of Alginate Beads: In batch culture, mycelial beads secreted

upto 5.0 U lipase in glucose-soytone medium durings the first 20 h (Fig.3
a,b); acetate buffer (pH 5.5) replacement increased lipase t 13.0 U. On the
contrary, addition of Tris buffer followed by nutrient medium did not improve
lipase activity until 120 h (Fig. 3, dotted lines); switch over to acetate buffer
resulted in high activity (15.0 U). Acetate buffer was effective for spore-
derived beads as well but only one lipase peak (11.0 U) was reached (Fig.3b).
Use of a semi-continuous stirrer reactor with the mycelial beads and a column

reactor for spore-derived beads did not improve lipase levels.
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Fig3  Lipase secretion by mycelial (a) and spore-derived beads (b) in replacement batch culture
0to8h, glucose-soytone-tween cycles
80 to 160 h, acetate buffer (pH 5.5) cycles

180 to 240 h, glucose-tween cycles
240 to 280 h, acetate buffer cycles
280 to 320 h, glucose-tween cycles

Data represented with dotted line indicates change from glucose-soytone medium to Tris-HCI buffer
(0.02 M, pH 8.0) after 80 h, followed by glucose-tween (100 to 140 h) and acetate buffer cycles (140

to 220 h).
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CONCLUSIONS: Besides operational stability and multiple inoculum use, immo-

bilized cells possess distinct advantages for mycelial organisms because branched

hyphel network creates the problems of high viscocity and decreased mass
transfer. For S. thermophile, alternate replacement with medium/buffer allowed
controlled slow growth of the cells resulting in extended release of lipase
for periods lasting 300 h. Entrapment in alginate was better with young myce-
lia but for spore inocula, glass beads served as a suitable carrier. For im-
proved release of cell bound lipase, mutants and hybrids derived through
protoplast fusion are currently being examined. Thermal stability of the immo-
bilized crude lipase and other hydrolytic capabilities of S. thermophile make
this fungus an interesting object for biotechnological exploitation. In this
context, it is of interest that through protoplast fusion, we have picked up
recombinants of S. thermophile with several-fold high beta-glucosidase acti-
vity (unpublished).
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