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ABSTRACT

Six Penicilliumstrains were isolated from soil at a depth of 0 - 15 cm in the Juréia-Itatins
Ecology Station (JIES), in the Sdao Paulo State, Brazil. They were evaluated for xylanase
production under different temperatures and carbon sources. The best carbon source and
temperature were first determined inan automated Bioscreen C system, verifying the growth
of microorganisms. Liquid media containing tap water with 2% carbohydrate and/or 1%
nitrogen sources were used. Afterwards, Penicillium citrinum, P. fellutanum, P. rugulosumand
P. decumbens were cultivated in 250 mL Erlenmeyer flasks with 50 mL of culture medium
containing tap water sole 2% carbon source (fructose, glucose, mannitol, sucrose or xylose)
and 1% yeast extract as a nitrogen source at pH 5.0 and 28°C, with agitation of 150 rpm for 72
hours. These same strains, except P. decumbens, and P. purpurogenumwere cultivatedin solid
substrate with wheat bran under the same environmental conditions to study the potential
of xylanase activity. Maximum xylanase activity was observed in cultures with wheat bran,
without the addition of any other carbon source, using inocula containing 1 x 10”spores.mL*
(28°C, pH 5.0, 72 h). It can be concluded that P. fellutanumand P. citrinumare a good xylanase
producers under the conditions of 28° C. The results of xylanase activity were 54% less at 28°
C in liquid cultures media cultures than in solid substrate.

KEY WORDS: Penicillium, xylanase activity, wheat bran, carbonsource, liquid culture, solid substrate.

RESUMO

BIOMASSA EPRODUCAODA XILANASE POR LINHAGENS DEPENICILLIUMISOLADASDA
MATA ATLANTICA. Seis linhagens de Penicillium foram isoladas do solo, na profundidade de 0
- 15 cm, na Estagdo Ecolégica de Juréia-Itatins (EE]I), Estado de Sao Paulo, Brasil. Elas foram
analisadas quanto a producao de xilanase sob diferentes temperaturas e fontes de carbono e de
nitrogénio. Foi utilizado meio contendo dgua de torneiracom 2% de carboidratoe/ou1% de fonte
denitrogénio. A melhor fonte de carbono e temperatura foram obtidas no sistema automatizado
de crescimento tipo Bioscreen C. Posteriormente, Penicillium citrinum, P. fellutanum, P. rugulosum
e P. decumbens foram cultivadas em frascos agitados em 150 rpm, contendo meio liquido contendo
agua de torneira com uma tnica fonte de carbono 2% e/ou 1% de fonte de nitrogénio, pH 5.0, a
25° C, por 72 horas. Estas mesmas linhagens, exceto P. decumbens, e P. purpurogenum foram
cultivadas em substrato sélido contendo farelo de trigo sob as mesmas condi¢des ambientais
anteriores de cultivo. Maior atividade de xilanase foi observada em culturas contendo farelo de
trigo, sem adicdo de qualquer outra fonte de carbono, usando inoculo com 1.10”esporos mL? (25°
C, pH 5.0, 72 h). Pode ser concluido quePP. fellutanume P. citrinumsao bons produtores de xilanase
a28° C. Osresultados da atividade da xilanase foram 54% menores a 28° C em cultura liquida em
relacdo aos resultados observados em substrato sélido.

PALAVRAS-CHAVE: Penicillium, atividade da xilanase, farelo de trigo, fonte de carbono, cultura
liquida, substrato sélido.

INTRODUCTION the preservation of the fauna and flora. One of these
protected areas is the Juréia-Itatins Ecology Station

The Atlantic Rainforest represents one of the most (JIES),in the state of Sao Paulo, Brazil. Previous studies
degraded ecosystems in Brazil. Remaining forested have documented the occurrence of filamentous fungi
areashavebeen declared protected areas to guarantee inthesoilin primary and secondary forests of the JIES,
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and the potential of the isolated species to produce
enzymes of significant industrial importance (TAauk-
TornisiELO et al., 2005).

Xylanase (1,4-b-D-xylan xylanodydrolase EC
3.2.1.8) is the major component in abxylosidases that
act to depolymerize the xylan molecules into
monomers, which can be used by bacteria and fungi
as a primary source of sugar. Xylanase is one of the
microbial extracellular enzymes that has attracted
great interest due to its biotechnological potential in
many industrial processes, e.g., in the production of
oligosaccharides (PELLERIN et al., 1991); in the food
industry (HALTRICH et al., 1996); cellulose and paper
industry (Yaun; Rucyu, 1999); xylitol and ethanol
production (BeG et al., 2001); cellular proteins, liquid
fuels, and other chemical substances (CHaAN et al.,
2002). Xylanasescatalyzexylanhydrolysis,and many
environmental factors affect production of these
enzymes, but carbon source can induce or repress the
catabolic activity of them, which can this enzyme
biosynthesis, such as: temperature and cultivation
time HALTRICH et al., 1996); and substrate used
(LenarTOVICZ et al., 2002; 2003).

The objective of this study was to evaluate the
cultivation conditions for the increase of biomasses
and of xylanase activity by different Penicilliumstrains,
verifying the effect of carbon sources and temperatures.
These strains wereisolated from soil in the “Banhado
Grande” area of the JIES (Tauk-TornisiELoet al., 2005).

MATERIAL AND METHODS
Isolation and inocula

The Penicilliumstrains ( P. citrinum, P. decumbens, P.
fellutanum, P. purpurogenum, and P. rugulosum) were
isolated from the soil (0-15 cm deep) in the Juréia-
Itatins Ecology Station (JIES), Sao Paulo state, Brazil,
and stored at4° Cin test tubes containing malt extract
medium (Merck). Concentration of 10° to 107
spores.mL!was used as inocula in this study, after
counting in a Neubauer chamber (Improved Bright-
Line-Levy-Chamber, Cat. Nr. 500 Batch Counting
Chamber, Hausser Scientific, 1/400SQmm,
profundity 1.10mm™), in a 0.85% NaCl solution.

Bioscreen C technique

The strains were cultivated in the Bioscreen C
automated system (Lab systems Helsinki, Finland),
usinga culture medium with tap water and 2% single
carbonsourceand/or 1% single nitrogensource. The
carbonsources used were fructose, galactose, glycerol,
glucose, lactose, maltose, mannitol, sucrose or xylose.
Thenitrogen sourcesincluded yeastextract, peptone,

ammoniumsulfate, or potassiumnitrate. Inthe culture
mediawith tap water and asinglenitrogensource, 2%
glucose was used as the carbon source. The working
volume in the wells of the Bioscreen plate was 400nL,
comprised of 360nL culture medium and 40nL spore
solution. The temperature was controlled at 28° C or
45° C, and the optical density of the cell suspensions
was measured automatically at 540 nm at regular
intervals of 2 h for a period of five days. Before each
measurement, the culture wells were automatically
shaken for 60 seconds. The experiments were carried
out in quadruplicate and the results are represented
by mean values observed in the four repetitions of
each culture medium used.

The control tubes contained the culture medium
being tested without inoculum. The data were
analyzed in spreadsheet software (Excel 97),
calculating the averages of the quadruplicates for
each type of culture medium. The averages were
used to generate the growth curves for each strain
studied, constructed as a function of the incubation
time and the absorbance of the culture medium, with
the data plotted in 20-hour intervals. The results
were submitted to the Friedman Test (Zar, 1999),
with 5% significance level.

Fungi cultures and xylanase activity

The Penicillium strains were cultured in liquid
medium containing 2% carbon source (fructose,
glucose, mannitol, sucrose or xylose) and 1% yeast
extract as a nitrogen source in 250 mL Erlenmeyer
flasks with 50 mL of tap water. Each flask was
inoculated with 1 mL freshly prepared spore
suspension, 1.107 spores.mL.. Tested in BioScreen C
system showed better growth of strains in the
temperature of 28° C. Then, the cultures were agitated
continuously at150 rpm, at 28° C, for 72 hincentrifuge
Jouan model GR20 22 20 (Jouan BR-4i, France).
Following this period, the biomass produced in
submerged culture was separated using vacuum
filtration in No. 1 Whatman filter paper. The biomass
was washed thoroughly three timesin distilled water
and theremainingliquid wasremoved,and thefiltered
biomass placed between sheets of dry filter paper
(StmoEs; Tauk-TornIsIELO, 2005). The wet biomass was
placed in pre-weighed beakers at 105° C for 48h to
determine the dry weight.

The solis substrate was done with 5 g wheat bran
and 5mL Erlenmeyer flask, and the pHadjusted to 5.5.
The media were homogenized using a spatula. The
flasks were covered and autoclaved at 121° C for 30
min, after which they were inoculated. Concentration
of 10to 107 spores.mL! was used as inocula in this
study, after counting in a Neubauer chamber
(improved bright-line-levy-chamber, cat. nr. 500 batch
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counting chamber, hausser scientific, 1/400sqmm,
profundity 1.10mm-"),0.85% ina NaCl solution. These
same conditions were used to prepare flasks with the
best carbon source, determined by the Bioscreen C
system.

After the incubation in solid state at 28° C, 30 mL
of sterilized distilled water were added to the flasks.
The cultures were homogenized, and the flasks were
maintained at 4° C for 3 h, then the cultures were
filtered under vacuum. The biomass obtained in
submerged culture medium was also filtered using
the same methodology, and the filtrates were
considered as gross enzyme extract (Linkoetal., 1978).
The determination of xylanase activity was carried
outafter 10 or 20 min at50° C, using Birchwood Xylan
Sigma, U.S. (BaILEY et al., 1992) 1% (w/v) in sodium
acetate buffer 50 mmol.L (pH 5.0). The release of the
reducing sugars was determined by the dinitrosalicylic
acid method (ADNS) (MILLER, 1959). Oneunitofenzyme
activity (U) was defined as the amount of enzyme
necessary to produce 1 mmol mL-! min of glucose or
xylose under the assay conditions. The protein
concentration was determined by Lowry’s method
(Lowry et al., 1951), using bovine serum albumin as
the standard, in triplicate, using appropriate blanks.

The results were analyzed using the Kruskal-
Wallisstatistical test (Z AR, 1999) to check fora possible
relation between the different carbon sources used
and xylanase activity of the variousPenicilliumstrains
studied here.

RESULTS AND DISCUSSION

Through the experiments carried out in the
automated Bioscreen C system, 240 growth curves
were obtained for the six strains of Penicillium in
media containing sole of carbon and/or nitrogen
source. The best growth curves were obtained at a
temperature of 28° C, especially for P. citrinum in

Penicilliumcitrinum 28°C

—®—Fructose
—=— Galactose
—x— | actose
—%—Maltose
—*—Manitol
—O— Sucrose
—+— Sorhitol
— Xylose
—=— Glucose
—>—Glycerol

0 6 12 18 24 30 36 42 48 54 &0
Hours

Fig. 1 - Growth curves of Penicillium citrinum in media
containing sole carbon source indicated, incubated at 28°
C for 60 hours, in an automated Bioscreen C system.

different carbon source and yeast extract (Fig. 1), but
few strains could grow in the different media at45°C.

361

However, good growth of P. fellutanumwas verified at

a temperature of 45° C (Fig. 2).

Good growth of each strain of Penicillium was
dependent on the carbon or nitrogen source added to
the medium. The strains of P. citrinum, P. fellutanum
and P. rugulosum had better growth in media with
fructose, glucoseand sucrose as the sole carbon source,
butonly fructose caused better results for the P.citrinum
at 28° C (Fig. 1) and P. fellutanum at 45° C (Fig. 2). All
strains needed yeast extract as nitrogen source for
good growth, and the other nitrogen sources used

here contributed very little to increase growth of the

strains.

For each type of culture, the use of its respective
control served to observe any type of secondary
contaminationand to provideacorrectinterpretation
of the microorganisms’ growth in the culture medium.

The possibility of contamination may result from the

speed of filamentous fungi growth, which is usually

low in relation to the yeasts and bacteria. The

maximum number of bacteria or yeast can occur at 6
hours of cultivation, due to their ability to grow easily
and rapidly in liquid culture media (JounsToN, 1998).

The strains studied here begin their log phase at

approximately 60 h of culture.
The use of an automated system like Bioscreen C

was very appropriate for cultures in liquid media,
provingtobea good technique to determine the optimal

environmental factors for growth of the filamentous
fungi.

In the assays using submerged cultures of the
different species of Penicillium, the best nitrogen and

carbon sources identified by the automated system
Bioscreen Cwere used. The yeast extractwas not only
the best nitrogen source, but no strain grew in media
without the addition of this nutritional source. The
biomasses quantities were determined in g (dry mass)

per liter of culture medium, after 72 h (Table 1).

Penicillium fellutanum 45°C
—&—fructose
g 16 galactose
G 14 —— lactose
a2 12
I} —>— maltose
o 1,0
2 08 —— manitol
0,6 —8— sucrose
0,4 —+— sorbitol
0,2 xylose
0.0+ j ! ! ' lucose
0 10 20 0 40 9
——glycerol
hours

Fig.2 - Growth curves of Penicillium fellutanumin medium

containing sole carbon source indicated, incubated at 45°
C for 60 hours, in an automated Bioscreen C system.
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Table 1 - Biomasses production (g.L? - dry weight) in liquid culture containing sole carbon source and yeast extract at

28° C.

Carbon source P. citrinum P. fellutanum P. rugulosum P. decumbens
Fructose 3.7 74 2.0 3.2
Glucose 4.0 4.5 21 3.0
Mannitol 1.0- 1.1 3.0 0.5-
Sucrose 3.6 7.8 3.3 2.0
Xylose 2.3 2.0 2.2 1.0-

Table 2 - Activity of xylanase (U.mL".h-') at 10 and 20 minutes of reaction from the strains of Penicilliuminliquid cultures

at 28° C. Legend: nd = xylanase activity not determined.

Culture media P. citrinum

P. fellutanum

P. decumbens P. rugulosum  P. purpurogenum

10min 20min

10min 20min

10min 20min  10min 20min  10min 20min

Fructose 18.2 13.6 26.5
Glucosa 10.0 7.7 15.2
Mannitol nd nd nd
Sucrose 14 0.3 24
Xylose 0.6 0.1 2.7

17.9
9.6
nd
0.7
0.8

4.2 3.6 1.8 1.5 1.4 1.0
9.2 55 1.2 0.8 24 1.3
nd nd 2.1 1.0 nd nd
nd nd nd nd nd nd
nd nd nd nd nd nd

No similarity was observed between the results
obtained in an automated system and those obtained
from submerged cultures in agitated flasks. In the
automated system, growth of P. fellutanum and P.
rugulosum was observed at 45° C, but this same result
couldnotbeverified insubmerged cultures, independently
of the carbon or nitrogen source added to the culture
media. The best biomass production was observed in
the culture of P. fellutanum in media with fructose or
sucrose, assolecarbonsourceand added yeastextract,
at 28° C. In medium containing mannitol, under the
same cultivation conditions, P. rugulosum was the
only grown (Table1). Theresults of xylanaseactivities
in the liquid cultures are cited in Table 2. Therefore,
higher xylanase activity was obtained in solid
substrate containing wheat bran as the carbon source
being 39.4 U.mL"! in culture of P. fellutanum, 36.7
U.mL! in culture of P. citrinum, and. 26.1 UmL1in
culture of P. decumbens.In cultures of the other strains,
the xylanase activity was lesser.

Statistical analysis was performed with two
hypotheses HO =no differences between the activities
of the enzyme in relation to the media used and H1
differences between the activities. It accepts the
hypothesis H1, ie, there were statistically significant
differences to 5% by Kruskal-Wallis test (ZAr, 1999;
AYREs et al., 2005) between the groups: mannitol (a),
xylose (a), sucrose (b), glucose (bc) and fructose (c) and
wheat bran (c). So, with 4 different groups in terms of
culture used here fructose and wheat bran gave better
results.

The second question is hypotheses HO = no
differences between the strains in the production of
enzymeand H1 =therearedifferencesinthe production
of enzyme. Accept HO, or there was no statistically
significant difference at 5% between the strains in
enzymaticactivity with Kruskal-Wallis test. The other
question considered HO = no differences in values of
biomass between the lines and culture media used
here, and H1 = statistically significant differences.
Accept HO, so there was no statistically significant
difference at 5% level, in Kruskal-Wallis test. There
was a possible correlation of Pearson equal to 0625
significant at 5% probability by the Student t-test,
between the production of biomass and activity of
enzymes in different ways and for different species.
Then when the Kruskal-Wallis test (ZaRr, 1999; A YRES
etal., 2005) was applied to compare Penicilliumstrains
grown in media containing different carbon sources,
no statistically significant differences were found. A
possible correlation was also found behind biomass
production and xylanase activity in different media
and Penicillium strains.

Although the xylanase activity was higher in
solid substrate with cultivation of P. citrinum, P.
fellutanum and P. decumbens, in liquid culture in
medium containing glucose or fructose as sole carbon
source, the best results were found for other cultures
(Table 2). These values were lower than those
obtained with Aspergillus japonicus, 143.9 and 18.3
U.mL?, in media with sucrose and fructose
respectively, under the same cultivation conditions
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(SimoEes; Taux-TornisieLo, 2005). However,
mechanisms of synthesis control vary considerably
among microorganisms (DE VRiEs et al., 2000). In
culture of Streptomyces A-151, low efficiency of
xylanase production was observed after the addition
of other carbon sources in cultures using rice bran
(WanG et al., 2003), which corroborates findings
reported by other authors (BAkir et al., 2001; Rany
NanDp, 2001; CHaN et al., 2002).

Xylanase produced by Humicula lanuginosa was
approximately 23-fold higher in solid substrate than
in submerged culture (KAMRA; SATYANARAYANA, 2004).
Better xylanase production was observed in cultures
of fungiin solid substrate (KHENG;IBRAHIM, 2005; S HAH;
MADAMWAR, 2005), and the same was verified for other
enzymessuchasendoglucanases andb-glucosidades
(GraJEK, 1987), a-amylases (LoNsaNE; RAMESH, 1992)
and pectinases produced by A. niger (ACUNA-
ARGUELLES et al., 1995).

Many authors reported the advantages of using
wheat bran as a substrate for xylanase production in
solid-substrate when compared to other solid wastes
(Souza et al., 2001). The highest xylanase production
with wheat bran was possible because this substrate
isrichin proteinsand hemicelluloses, which are used
by microorganisms as sources of energy and carbon,
through specific enzymes such as xylanase. Wheat
bran,amongother substrates used insolid systems, is
themostefficient, becauseit does not perform catabolic
repression on the enzymatic activity (LENARTOVICZ et
al., 2002).

When the xylanase activity was measured at 10
min of reaction, it always presented higher values in
relation to those obtained after 20 min of reaction time,
except for P. decumbens, being the results, represented
here by means of four replicates.

After several experiments with different
temperature, it was found that for liquid culture the
best xylanase activity occurred at 28° C. Xylanase
production by Aspergillus japonicus was tested at four
different temperatures (20° C, 28° C, 35° C, and 40° C)
and 28° C was the best temperature for xylanase
production (143.9 U/mL); this was two-fold higher
than the activity obtained at 20° C and 5-fold higher
than that observed at 35° C, and was extremely low at
40° C ©Gimoes; Tauk-TornisieLo, 2005). The results
obtained here are similar to those obtained by other
authors who established that the best temperature
range for xylanase activity is between 20° Cand 30° C
(Haq et al.,, 2005). However, the best growth
temperature for the fungus is not always the best for
enzyme activity. According to RaHmaN et al. (2003)
and Yaunetal. (2005), the large decreases at very low
orhigh temperaturesarebecause the fungal growthis
inhibited at these temperatures, leading to a decrease
in enzyme synthesis.

The best xylanase activity (234.56 U.mL-1) by
Trichoderma viride was obtained when cultivated in
wheat bran with added with 1% sorbitol (v/w) (pH 5.0,
25°C, 144h) using inoculum. The results obtained
indicateasignificantincreaseinxylanase production
with the use of nutrients. Sorbitol and temperature
(25°C) were determined to be the best inducers for T.
viride growth (unpublished data). This strain had
better xylanase activity results than Aspergillus
japonicus, under the same growth conditions, but with
inoculum having lower spore concentration and
longer cultivationtime. Theresults with the six strains
of Penicilliumwerelower (Table 2) than those obtained
with T. viride or A japonicus, however they were
obtained in media containing wheat bran without
addition of any another nutritional source.
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