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ABSTRACT

Penicillium griseoroseum was grown in bioreactors on mineral medium supplemented with yeast extract and
sucrose. The influence of inoculum and carbon source concentrations, aeration and pH on pectin lyase (PL)
production, aswell asthe capacity of P. griseoroseumto produce PL when grown on sugar cane syrup ascarbon
source were evaluated. Inoculum concentration did not influence PL production. Production was higher in non-
aerated than in aerated medium. The best results were obtained using 60 mM sucrose at pH 6.3-7.2. Production
using cane syrup 25% (v/v), without yeast extract supplement, was equal to that obtained under the conditions

cited above.
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INTRODUCTION

The utilization of microbial enzymes has found broad
technological application in different industrial processes. Among
the various enzymes commercialized, many are products of
fermentation of filamentous fungi. Fungal pectinases are used in
the food industry for the production of fruit juices, olive oil and
winetoincreasefruit juiceand oliveoil extractionyieldsandinthe
clarification of juicesand wines. Pectic enzymescandsobeusedin
thetextileindustry to degradethe pectinlayer which coverscellulose
fibers, thereby freeing thefibersfor further processing (31).

Degumming of ramieiscurrently performed chemically, usng
hot alkaline soda. Deshpande and Guriecharanam (14) showed
that natura fibers obtained by acombined chemica and enzymatic
degumming process are of superior quality to those obtained by
the chemical process aone. Another advantage of the combined
process is the reduction of environmental pollution, since the
volume of caustic soda used is reduced.

Among the pectinases, pectinlyase (PL) isof particular interest
because it acts directly on pectin without the need for previous

action by other enzymes of the pectinolytic complex (1).
Degumming of ramiefiberswith PL of Penicilliumgriseoroseum
produces fibers with quality superior to those produced by a
commercial enzyme complex because P. griseoroseum does not
produce cellulolytic enzymes (10). Enzymes may be either
congtitutive or inducible. Inducible enzymes are, generally,
produced at low level when the organismisgrown in the absence
of enzyme inducers. To pectic enzymes those inducers may be
polygalacturonides, galacturonic acid, pectins or other pectic
substances (18). Inducers, many times, are of high cost. So, means
of alternative costs which promote the production of those
enzymesareresearched (16,19).

Among thefilamentousfungi, some of the genus Penicillium
aregood producersof PL (1). Penicilliumgriseoroseum produces
PL when grown in a medium containing pectin (10), its natural
inducer. However, its capacity of producing the enzyme when
grown in sucrose without the presence of pectic substances was
found (11). Studiesshow that the PL activity obtainedisgreater in
thiscondition than when the cultivation meanismade up of pectin.
Nevertheless, the addition of small contents of yeast extract, 0.6
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g.L %, proved necessary for PL production by P.griseoroseumwhen
grown on sucrose (6). Induction of PL by some organic and
inorganic compounds present intheyeast extract wasinvestigated,
being suggested that, probably cAMP present in the supplement
isinvolved in the process (5). Asin Brazil , sucroseisalow cost
source of carbon and energy, its use in the cultivation of the
fungusfor obtaining PL isinteresting.

The objective of the present study was to improve PL
production by P. griseoroseum grown under different culture
conditions in bench-scale bioreactors.

MATERIALSAND METHODS

Microorganisms

Penicillium griseoroseum CCT 6421 (Colecéo de Cultura
Tropical, Campinas, SP, Brazil) wasisolated from seeds of forest
tree species at the Department of Phytopathology of the Federa
University of Vigosa, MinasGerais, Brazil.

Cultureconditions

The inoculum was obtained from P. griseoroseum cultures
grown on oat agar for 9 daysat 25°C. Themedium (MM) used for
fungal culture was composed, except were mentioned, of (g.L™2):
K,HPO,, 2.48; KH,PQ,, 8.0; MgSO,.7H,0, 1.0and (NH,),SO,, 1.0
at pH 6.3, supplemented with 19 mM sucrose (Sigma®) and 0.06%
(wiv) yeast extract (Merck®). Thefunguswas grown under batch
conditions, in Wheaton 250 mL (200 mL working volume) bench-
scdebioreector (Milliville, NJ, USA), a 25°C. Fifty mM Tris/sodium
acetate/phosphate buffer (4) was used to evaluate the effect of
pH on enzyme production. MgSO,.7H,0 and (NH,),SO, were
added tothe buffer at the concentrationscited above. Themedium
was suplemented with 19 mM sucrose (Sigma®) and 0.06% (w/v)
yeast extract (Merck®).

Growth determination

Culture were harvested by filtering through a 400-mesh
sieve (37-um pore size) and growth was determined according
toCaam (12).

Enzymeassay

PL activity was determined in the culture supernatant
spectrophotometrically (A,ss) according to Albersheim (2) as
modified by Minussi et al. (26). Unit of PL activity (U) wasdefined
as nanomoles of A** galacturonide produced per mL of culture
supernatant per minute of reaction, based onthe molar extinction
coefficient (5,550) of theinsaturated products(2).

Residual sugar determination

Free glucose concentration in the culture medium was
determined by using glucose oxidase (GOD-PAK, commercia kit
availablefrom Merck). Residual sucrose wasdetermined after its
hydrolysis with 1% (w/v) invertase (Sigma) at a 1:1
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supernatant:enzymevolumeratio, in 50 mM acetate buffer, at pH
4.5and50°C for 12 hours, followed by quantification of theglucose
liberated by the glucose oxidase method.

RESULTSAND DISCUSSION

The capacity of microorganisms to produce extracel lular
enzymes is influenced by environmental conditions such as
temperature, pH, aeration, inoculum age and the presence of
inducer or repressor substrates (15). Initialy, theinfluence of the
aeration of the cultivation medium of P. griseoroseum was
investigated.

The observed activity of PL produced by P. griseoroseum
grown under different modes of aerationisshownin Fig. 1. In
the present study, PL activitiesof 27.2 unitswere obtained when
air was bubbled through the medium viaasparger (treatment A,
Fig. 2A) and 25.6 unitswhen no air was added (treatment C, Fig.
2C). These activities were not significantly different at the 5%
level (Duncantest). However, Sgnificantly lower PL activity (15.2
units) was obtained when air was injected into the bioreactor
void volume (treatment B, Fig. 2B). Those PL activitiesobtained
by thefungus cultivation in sucrose and yeast extract regardless
of the influence of the aeration were about 13 times as great as
those obtained by Brumano et al. (10) in growing the fungusin
amedium contai ning pectin, the natural inducer of the enzyme.
Those activities were also greater than those obtained by
Santiago (29) by the cultivation of Penicilliumexpansumin the
presence of pectin or by those obtained by the cultivation of
other species of Penicillium (1,3). However, as compared with
the activity obtained by the cultivation that a mutant species of
Aspegillusniger (36), theonesobtained inthiswork werearound

30 1.5
B B PL Activity 7

24 Biomass T
5 1o
213 1 2
z 1 2
= |
<1 4 £
E —_ 0.5m

6 —]

0 0

A B C
Treatment

Figure 1. Influenceof thetype of aeration on PL production, after
48 hours of growth. Air injection viasparger (A), air injection to
bioreactor void volume(B), no air injection (C).
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Figure?2. Schematic diagram of the bioreactors. Air injectionviasparger (A), air injectionto bioreactor void volume (B), noair injection
(C). Thearrowsindicate air injection to bioreactor. The culture was homogenized by magnetic agitation.

1,000 greater smaller. But the comparison among the results
obtained with those of the literature is difficult, since, in the
several works on PL published, the enzyme activity was
determined by different methodologies (7). The calculation of
the conversion factors Ygx for the three treatments show that in
treatment A, where the fungus grew in aimmobilized form, the
factor wasgreater, 41.1, followed by 33.2for treatment B and 23.6
for C. That shows that in spite of the enzymatic activity in
treatment B having been very low, there was a greater PL
production per unit of mycelial mass than in treatment C.
Comparing the results with those obtained by Santiago (29) for
P. expansum, PL activity per unit of mycelial mass of P.
griseoroseum was about two times greater.

Friedrich et al. (17) showed that agitation and aeration affect
PL, pectin esterase (PE), polygalacturonase (PG) and biomass
production in a submerged culture of Aspergillus niger.
Aspergillus awamori has also been shown to produce pectinases
differentially when grown under various aeration regimes(15). In
trestments B and C, the fungus grew dispersed as pellets in the
culture medium, whereas in treatment A the mycelia adhered to
the surface of the air sparger. The growth of filamentousfungi is
made by the determination of the weight of the dry mycelium
when the type of cultivation utilized is submerse, provided the
mediumisnot made up of solid particlesasfor examplecered med
(13,23). In obtaining the filamentous growth, the samplings are
more homogeneous if the cultivation medium is being stirred
adequately and therewill be no adherence ontheinternal surfaces
of the reactor. However, when growth takes place in the form of
pellets, there is a great difficulty in obtaining representative
samples, one having then to increase the number of samples
collectedin eachtime and increase a so thevolume of each sample.
But, in that experiment all the mycelia present in the bioreactor
were collected at one time after 48 hours' cultivation, no sample
being collected before that period.

Studieson A. awamori immobilized in apolyurethane sponge
showed that thisfungus produces 2 to 2.5 timesmore pectinasein
theimmobilized thaninthefreeform (8). Theprocessof immohilized
fungal growth, asin the case of P. griseoroseum in the system
using air sparging (treatment A), can lead to physiological
aterations. One possible ateration can affect cell membrane
permeability, promoting an increasein enzyme secretionin some
cases(34). Hermsdorfer et al. (22) concluded that the biosynthesis
of PGhy A. niger isrelated tomyceliad morphology. Specific activity
of PG increases with the degree of mycelia compaction. The
authors suggest that the synthesis of PG by A. niger is strictly
related to limited oxygen and nutrient supplies.

Mycelia pellet formationis, in some cases, aprerequisitefor
high enzyme production. Asper gillusoryzae grownintheform of
mycelial aggregates increases severa fold the production of &
amylase (8). It is known that the growth of filamentous
microorganisms as dispersed elemental hypha or as pellets is
affected by pH of the medium, inoculum concentration and
presence of surfactants (28). However, Friedrich et al. (17) found
no differencein PL and PG production in broth fermented by A.
niger grown inafermenter, using 10?to 108 sporesL . In spite of
the possibleinfluence of inoculum concentration on morphol ogy
and enzyme production infilamentousfungi, P. griseoroseumwas
not shown to be affected by this parameter (date not shown).
Fungal growth occurred in the aggregated form for all spore
concentrations tested, without any significant differencesin PL
production. Aninoculum concentration of 5x 10* sporesmL was
chosen for the remainder of this study.

ThepH of the cultivation mediumisan important factor inthe
production of pectinases for it influences the sort and content of
those enzymes produced by fungi. High polygal acturonase and
pectinesterase activitieswere verified in moreacid cultivation pH,
4.5and5.0,and of PL pH closetotheneutral, 5.0t0 7.0(33). ThePL
activity, verified after cultivation of P. griseoroseuminamedium
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withinitial pH between 5.6 and 8.0 did not differ among them (5%
level) (Fig. 3). A pH valueof 6.8 was chosen for the remainder of
thiswork since PL showsoptimum activity at thisvalue (18).

The enzymes possess one or apH range optimum of activity.
ThepH of the medium inwhich theenzymeisexposed affectsthe
ionization state of its amino acids which dictate the primary and
secondary structure of theenzyme, so controllingitsactivity (21).
The influence of pH of the cultivation medium may be related
directly with the stability of enzymes (33). Studieswith PL of P.
expansum showed that in spite of the optimum activity pH of PL
to be 7.0, the enzyme kept stable between the pH 6.5to 8.0 (29),
however the mechanism by which pH acts on the production of
pectic enzymesis not known.

Significant PL production (65 units) was obtained by growing
P. griseoroseumin medium containing 60to 74 mM sucrose (Fig.
3C). At thelower concentrationsof carbon sourceutilized (11 and
19 mM), sucrose and glucose were depleted from the medium
after 36 hours of growth (Fig. 3A and B). Thisjustifies the low
enzyme production observed under these growth conditions. Itis
known that the use of sucrose or glucose as substrate affects
enzymesynthesis, with catabolic repression being observed when
these substratesareat level sabove 15t0 30 mM (32). Thistype of
relationship occurs not only in bacteria but also in fungi like A.
niger, leading tointerruption of PG and pectin esterase (24) andin
P. expansum leading to reduction of PG synthesis (27). Schimidt
et al. (30) also observed this phenomenon when growing A. niger
in a fermenter using sucrose as carbon source. However, in the
present study, PL production by P. griseoroseum does not appear
to be influenced by concentrations of sucrose used or by the free
glucoseinthemedium.
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Figure 3. Influence of the culture medium pH on PL production
(pH: 5.6 (0); 6.3(®); 6.8(0); 7.2 (M); and 8.0(A))
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Figure4. Sucrose consumption by P. griseoroseumover time(A),
variation in free glucose in the growth medium (B), and PL

production as a function of initial sucrose concentration (C), 19
(@),60(0),124 (W) and 285 mM (V).

Sugar cane syrup proved to be agood substrate for growth of
P. griseoroseumin abioreactor (Fig. 4A) using buffered medium.
This result was expected since in experiments performed in
Erlenmeyer flasks this fungus presented high PL production
efficiency (25). The observed enzyme activity of 72 units was
bel ow that obtained previoudly (approximately 110 units) but was
higher than that obtained in the present study when the fungus
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Figure 5. Penicillium griseoroseum grown on 25% sugar cane
syrup: (A) PL productionand (B) variationin pH of growth medium
with different supplements: MM and yeast extract (@); MM (O);
yeast extract (H); no supplement (OJ).

was grown on sucrose. It is suggested that this differencein the
quantity of PL inthe mediumisdueto growth morphology, since
in the mixing mode used the fungus grows as mycelial filaments
and not as pellets. Filamentous growth can alter the fermentation
broth rheology, thereby lowering oxygen and nutrient diffusion
tothefungus, sincelowering theviscosity of themedium decreases
homogenization efficiency (9). Under these limiting conditions,
enzyme production can be affected. Another possibleexplanation
for the effect of fungal morphology on the quantity of enzymeis
the dependence of enzyme production ongrowthin pellet formin
P. griseoroseum. The relationship between fungal morphology
and metabolite production was evidenced for production of PG
(22) and gluconic acid (35) by A. niger and of xylanase by A.
sydowii (20). Theaddition of yeast extract to the buffered medium
did not affect PL production (Fig. 4). It is suggested that the low
PL production observed in the unbuffered medium was
responsiblefor thelargepH drop (Fig. 4B) during thefermentation.
Preliminary studiesreveaed that the addition of teaextract tothe
sucrose-containing medium also induces PL production. The
possibleinducers present in teawere methylxanthines. The sugar
canejuicecontainsfrom 0.15t0 0.25% pectic substances, from 0.3
t00.6% nitrogen contai ning compounds (aminoacidsand xanthinic
compounds) and 5.5% cellul ose, among other compounds (26). It
is possible that addition of yeast extract to the sugar cane juice
was not necessary because of presence of pectic substances,
which are natural pectinase inducers. Besides pectic substances,
xanthines may also contribute, together with sucrose, to PL
production.

Production of pectin lyase by P. griseoroseum

The present study shows that pectin lyase production by P.
griseoroseumin medium containing sucrose or sugar cane syrup
as sole carbon and energy sourceis possible and that thisfungus
shows promise for future usein industrial PL production.
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RESUMO

Producéo de pectina liase por
Penicillium griseoroseum em
biorreatores em auséncia de indutor

Penicillium griseoroseum foi cultivado em biorreatores em
meio mineral suplementado com extrato de levedura e sacarose.
As influéncias das concentraces do indculo e da fonte de
carbono, daaeracdo e do pH do meio de cultivo sobre aproducéo
depectinaliase (PL), bem como acapacidade de P. griseoroseum
em produzir PL quando cultivado em caldo decanadiluidoforam
avaliadas. A concentracdo do in6culo ndo influenciou
significativamente a producdo de PL. O cultivo do fungo em
biorreatores ndo aerados favoreceu a producdo da PL em
detrimento aosbiorreatorescominjecéo dear. Maior producdo de
PL foi obtidacom o cultivo de P. griseoroseumem meio com pH
6,3—7,2, adicionado de 60 mM de sacarose. Quando cultivado em
caldo decanadiluido, 25% (v/v), sem suplementacdo com extrato
delevedura, aatividade maximade PL acancadafoi igual asdas
condigBes citadas acima.

Palavras-chave: fermentagdo, pectina liase, Penicillium
griseoroseum, pectinases

REFERENCES

1. Alafa A.; Alkorta, I.; Dominguez, J.B.; Llama, M.J; Serra, J.L. Pectin
lyase activity in Penicillium italicum strain. Appl. Environm.
Microbiol., 56:3755-3759, 1990.

2. Albersheim, P. Pectin lyase from fungi. In: Neufeld, E.S.; Ginsgurg. V.
(eds). Methods in Enzymology. vol. 8, Academic Press, New York,
1966, p.628-635.

3. Alkorta, I.; Garbisu, C.; Llama, M.J,; Serra, JL. Industrial applications
of pectic enzymes: a review. Process Biochem., 33:21-28, 1998.

4. Araljo, EFF; Barros, E.G.; Cadas, R.A.; Silva, D.O. Beta-glucosidase
activity of a thermophilic cellulolytic fungus, Humicola sp. Biotechnol.
Lett, 5:781-784, 1993.

5. Baracat-Pereira, M.C.; Coelho, JL.C.; Minussi, R.C.; Chaves-Alves,
V.M.; Branddo, R.L.; Silva, D.O. Cyclic AMP low molecular weight
effector (s) present in yeast extract are involved in pectin lyase
production by Penicillium griseoroseum cultured in sucrose. Appl.
Biochem. Biotechnol., 76: 129-141, 1999.

6. Baracat-Pereira, M.C.; Coelho, JL.C.; Silva, D.O. Production of pectin
lyase by Penicillium griseoroseum cultured on sucrose and yeast extract
for degumming of natural fibres. Lett. Appl. Microbiol., 18:127-129,
1994,

139



MR.H. Piccoli-Valle et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

140

Bateman, D.F. Hydrolytic and trans-eliminative degradation of pectic
substance by extracellular enzymes of Fusarium solani, f. phascoli.
Phytopapatol., 56:238-244, 1966.

Bliyeva, R.K. Biosynthesis of enzymes by aggregated and immobilized
mycelium of micromycetes. J. Microbiol. Biotechnol., 3:37-44, 1988.
Braun, S.; Vecht-Lifshitz, S.E. Mycelia morphology and metabolite
production. Trends in Biotechnol., 9:63-68, 1991.

Brumano, M.H.N.; Coelho, J.L.C.; Araljo, E.F,; Silva, D.O. Pectin
lyase activity of Penicillium griseoroseum related to degumming of
ramie. Rev. Microbiol., 24:175-178, 1993.

Brumano, M.H.N.; Coelho, JL.C.; Araljjo, E.F,; Silva, D.O. Production
of pectin lyase by Penicillium griseoroseum as a function of the
inoculum and culture condiction. World J. Microbiol. Biotechnol.,
9:225-228, 1993.

Calam, C.T. The avaluation of mycelia growth. In: Mouranche, A.;
Costes, C. Methods in Microbiology. London: Academic Press, 1969.
V.1, p.567-591.

Cui, Y.Q.; Ouwehand, JN.W.; van der Lans, R.G.JM.; Giuseppin, M.L.F;
Luyben, K.C.A.M. Aspects of the use of complex media for submerged
fermentation of Aspergillus awamori. Enzyme and Microbial Technol.,
23:168-177, 1998.

Deshpande, K.S.; Guriecharanam, K. Degumming of ramie fibres: role
of cell wall degrading enzymes of Aspergillus versicolor. J. Bot., 8:79-
81, 1985.

El-Refai, A.A.; Metwalli, S.M.; El-Sebaiy, L. A. Influence of pH,
inoculum, aeration and growth period on production of pectinolytic
enzymes by Penicillium awamori 16. Chem. Microbiol. Technol.
Lebensm., 8:115-117, 1984.

Eveleigh, D.E.; Montenecourt, B.S. In: Perlman, D.O. (eds). Advances
in Applied Microbiology. Academic Press, New York, 1979, p.57-75.
Friedrich, J.; Cimerma, A.; Steiner, W. Production of pectinolytic
enzymes by Aspergillus niger: effect of inoculum size and potassium
hexacyanoferrate |1-trihydrate. Appl. Microbiol. Biotechnol., 33:377-
381, 1990.

Genari, R.; Minussi, R.C.; Silva, D.O. Partial physic-chemical
characterization of pectin lyase produced by Penicillium griseoroseum
cultured on sucrose-yeast extract or pectin. In: Xxv @ Reunido Anual
da Sociedade Brasileira de Bioquimica e Biologia Molecular,
Caxambu, MG, 1996. Programa e resumos. SBBg, p.73.

Ghildyal, N.P; Ramakrishna, S.V.; Nirmala-Devi, P; Losane, B.K.;
Sthana, H.N. Large scale production of pectolytic enzyme by solid
state fermentation. J. Fd. Sci. Technol., 18:248-251, 1981.

Ghosh, M.; Nanda, G. Immobilized Aspergillus sydowii produces
xylanases. Biotechnol. Lett, 13:807-808, 1991.

Griffin, D.H. Fungal physiology. Wiley-Liss, New York, 1994, 458p.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hermersdorfer, H.; Leuchtenberger, A.; Wardsach, Ch.; Ruttloff, H.
Influence of culture conditions on mycelial struture and
polygalacturonase synthesis of Aspergillus niger. J. Basic Microbiol.,
27:309-315, 1987.

Lejeune, R.; Baron, G.V. On the use of morphological measurements
for the quantification of fungal growth. Biotechnol. Techniques, 9:327-
328, 1995.

Maldonado, M.C.; Saad, A.M.S.; Cadlieri, D. Catabolic repression of
the synthesis of inducible poligalacturonase and pectinesterase by
Aspergillus niger sp. Curr. Microbiol., 18:303-306, 1989.

Minuss, R.C.; Soares-Ramos, JR.L.; Coelho, JL.C.; Silva, D.O. Sugar-
cane juice induces pectin lyase and polygalacturonase in Penicillium
griseoroseum. Rev. Microbiol., 29:246-250, 1998.

Minussi, R.C.; Baracat-Pereira, M.C.; Coelho, J.L.C.; Silva, D.O.
Methylxanthinas as inducers of pectin Iyase in Penicillium
griseoroseum cultured on sucrose. Lett. App. Microbiol., 24: 369-372,
1997.

Piccoli-Valle, R.H.; Baracat-Pereira, M.C.; Silva, D.O. Catabolite
repression of inductive polygalacturonase synthesis in Penicillium
expansum. J. Basic Microbiol., 35:189-193, 1995.

Prosser, J.I.; Tough, A.J. Growth mechanisms and growth-kinetics of
filamentous microorganisms. Crit. Rev. Biotechnol., 10:253-274, 1991.
Santiago, M.F. Producdo e propriedades de pectina liase de um isolado
Penicillium expansum. M.S., 1993. Dissertation, Universidade Federal
de Vigosa, Vigosa, Brazil.

Schmidt, O.; Angermann, H.; Frommhold-Treu, |.; Hoppe, K.
Experimental and theorical investigation of submerged fermentation
and synthesis of pectinolytic enzymes by Aspergillus niger. Appl.
Microbiol. Biotechnol., 43:424-430, 1995.

Sharma, H.S.S. Screening of polysaccharide-degrading enzyme for
retting flax stem. Inter. Biodeterioration., 23:181-186, 1987.
Shinmyo, A.; Davis, L.; Nomoto, T.; Tahara, T.; Enatsu T. Catabolite
repression of hydrolases in Aspergillus niger. Eur. J. Appl. Microbiol.
Biotechnol., 50:59-68, 1978.

Ueda, S; Fujio, Y.; Lim, J.Y. Production and some properties of pectic
enzymes from Aspergillus orizae A-3. J. Appl. Biochem., 4:5240-
5242, 1982.

Vassilev, N.; Vassileva, M. Production of organic acids by immobilized
filamentous fungi. Mycol. Res., 96:563-570, 1992.

Vassilev, N.B.; Vassileva, M.C.; Spassova, D.I. Production of gluconic
acid by Aspergillus niger immobilized on polyurethane foam. Appl.
Microbiol. Biotechnol., 39:285-288, 1993.

Zetelaki-Hortvéth, K. Possibilities control of pectolytic enzyme
formation by Aspergillus niger in continuous culture. Acta. Alimentaria,
12:11-19, 1983.



